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ABSTRACT:  

Background: Diagnosing and monitoring asthma and recurrent wheezing in young children (1-10 years) 

remains challenging due to difficulties with conventional lung function tests. The Forced Oscillation Technique 

(FOT) and Fractional Exhaled Nitric Oxide (FeNO) are promising, child-friendly tools that assess airway 

mechanics and inflammation, respectively.  

Aim: To compare the diagnostic utility of FOT and FeNO and evaluate the performance of a combined 

approach. 

Methods: A comparative Cross-sectional study was conducted on 60 children aged 1-10 years with recurrent 

wheezing. All participants underwent simultaneous FOT and FeNO testing. FOT parameters measured 

included resistance at 5 Hz (R5), reactance at 5 Hz (X5), and the frequency dependence of resistance (R5-

R20). 

Results: The study included children (mean age 6.5 ± 2.7 years; 70% male) with a high rate of atopy. FOT 

results revealed significantly elevated airway resistance (R5 = 12.4 ± 3.1 cmH₂O/L/s), negative reactance 

indicating abnormal lung compliance (X5 = -4.2 ± 1.8 cmH₂O/L/s), and markedly elevated frequency 

dependence (R5-R20 = 3.6 ± 1.2 cmH₂O/L/s), consistent with small airway dysfunction. This Combined FOT 

and FeNo demonstrated excellent sensitivity (92%), high specificity (84%), and the highest overall diagnostic 

accuracy (AUC = 0.87). 

Conclusion: FOT detects the mechanical consequences of airway disease, while FeNO identifies underlying 

Type 2 inflammation. Using FOT and FeNO together provides a comprehensive, non-invasive diagnostic 

strategy that mitigates the limitations of each test used alone. 

 

Introduction: 

Young children frequently experience 

wheezing, which is a symptom of an underlying 

respiratory disease like asthma. Since children between 

the ages of 1 and 10 frequently lack the coordination 

necessary for conventional pulmonary function tests like 

spirometry, diagnosing and managing these conditions 

over the long term can be difficult [1]. A maximal forced 

exhalation is necessary for spirometry, but many young 

children struggle to execute this technique correctly or 

consistently, which can produce inaccurate results [2, 3]. 

This drawback emphasises the necessity of non-invasive, 

alternative, and effort-free techniques to evaluate 

inflammation and airway function in this susceptible age 

group. 

Fractional Exhaled Nitric Oxide (FeNO) and the 

Forced Oscillation Technique (FOT) are two such 

promising methods. By overlaying tiny pressure waves 

on top of a child's typical tidal breathing, FOT is a non-

invasive technique for measuring respiratory system 

mechanics [4]. It offers unbiased information on 

reactance and airway resistance, which represents the 

lungs' mechanical characteristics [5]. FeNO, on the other 

hand, is a biomarker that quantifies the amount of nitric 

oxide in exhaled breath and is a trustworthy predictor of 

eosinophilic airway inflammation, which is a major 

factor in allergic asthma [6,7]. 

Despite the fact that both FOT and FeNO are 

superior to traditional lung function tests in young 

children, research is still ongoing to determine whether 

they can be used in conjunction or independently. There 

is a noticeable lack of direct comparative analyses within 

the same cohort of young wheezing children, as previous 

research has frequently concentrated on the distinct 

advantages of each technique [8]. To create more 

efficient diagnostic and treatment plans, a thorough grasp 

of the connection between these two different 

measurements—one for airway inflammation and the 

other for lung mechanics—is necessary. The purpose of 

this study is to close this knowledge gap by evaluating 

the correlation, diagnostic precision, and combined 

clinical utility of FOT and FeNO measurements in 

wheezing children ages 1 to 10. 

Methodology 

This study was conducted as a hospital-based 

comparative cross-sectional study at the Paediatric 
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Outpatient Department in tertiary care Hospital, 

Chennai, over a six-month period. The study population 

consisted of children aged 1 to 10 years who presented 

with wheezing and were clinically stable. Children were 

included if they had a diagnosis or suspicion of bronchial 

asthma, viral-induced wheezing, or other wheezing 

disorders, and their parents or guardians provided written 

informed consent. Those with acute severe respiratory 

distress requiring emergency intervention, congenital 

lung diseases, neuromuscular disorders, or a recent 

respiratory tract infection within the past two weeks were 

excluded from participation. 

The sample size of our study was 60 

participants, and recruited using a consecutive sampling 

method. Following consent, demographic and clinical 

data, including age, sex, medical history, and medication 

use, were recorded for each child. All participants 

subsequently underwent lung function assessment using 

both the Forced Oscillation Technique (FOT) and 

Fractional Exhaled Nitric Oxide (FeNO) measurement. 

The order of these tests was randomized to minimize 

bias, and they were performed with the child in a sitting 

position, using a nose clip and a sealed mouthpiece.  

Statistical analysis: 

Data were collected electronically and reviewed 

for quality control. Statistical analysis was performed 

using IBM SPSS. Continuous variables were expressed 

as mean and standard deviation, and the agreement 

between the two techniques was compared using t-tests. 

A p-value of less than 0.05 was considered statistically 

significant. 

Results: 

Table 1: Characteristics of Patients 

Variable No of 

Patients 

(n = 60) (%) 

Gender Male 35 (58.3) 

Female 25 (41.7) 

Age (years) 6.5 ± 2.7 

Atopic History 42 (70) 

Recurrent Wheezing 60 (100) 

The majority of the children in our study were 

males and the mean & SD of age is 6.5 ± 2.7 years. 70% 

of the participants had Atopic History and all the 

children had Recurrent Wheezing. 

Table 2: Characteristics of Airway Resistance, 

Reactance, and Inflammation in among children 

Parameter 
Mean ± SD 

(n = 60) 

Resistance at 5 Hz (R5) 12.4 ± 3.1  

Reactance at 5 Hz (X5) -4.2 ± 1.8  

Frequency Dependence 

(R5-R20) 
3.6 ± 1.2  

FeNO 28.6 ± 12.4 

 

The mean Resistance at 5 Hz (R5 = 12.4 ± 3.1 

cmH₂O/L/s) is significantly elevated and it indicates total 

airway resistance. The mean Reactance at 5 Hz (X5 = -

4.2 ± 1.8 cmH₂O/L/s) is negative and indicate abnormal 

lung compliance and increased elastance. The Frequency 

Dependence parameter (R5-R20 = 3.6 ± 1.2 cmH₂O/L/s) 

is markedly elevated. A value above 0.6-1.0 is generally 

considered abnormal. 

Table 3: Diagnostic Performance of FOT vs. FeNO 

Test 
Sensitivi

ty (%) 

Specifici

ty (%) 

AUC (ROC 

Curve) 

FOT 

(R5 

>10) 

85 72 0.81 

FeNO 

(>20 

ppb) 

68 79 0.74 

FOT + 

FeNO 

Combin

ed 

92 84 0.87 

 

The FOT indicates good diagnostic accuracy 

with AUC (0.82) (Figure.1) and FeNO indicates fair 

diagnostic accuracy with AUC (0.74) (Figure.2) and the 

most significant finding is the superior performance of 
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the combined FOT + FeNO approach. The combination 

yields excellent sensitivity (92%), high specificity 

(84%), and the highest overall AUC (0.87) (Figure.3). 

This synergy suggests that FOT and FeNO 

are complementary tests: FOT excels at detecting the 

physiological consequence of airway disease 

(obstruction), while FeNO identifies the 

underlying inflammatory process (eosinophilia). Using 

them together mitigates the weaknesses of each test used 

alone. 

 

Figure 1: AUC of FOT 

 

Figure 2: AUC of FeNO 

 

Figure 3: Combined AUC (FOT + FeNO) 

Discussion: 

Our findings provide compelling evidence for 

the diagnostic and clinical value of FOT parameters in 

this age group and, most notably, demonstrate the 

superior performance of a combined FOT and FeNO 

approach. The FOT measurements in our study 

confirmed the presence of significant airway obstruction. 

The mean Resistance at 5 Hz (R5=12.4±3.1 cmH2O/L/s) 

was notably elevated. This finding is consistent with 

study by Mukdjindapa P et al of symptomatic asthmatic 

children in similar age ranges, where mean R5 values 

often exceed the normal reference range, which typically 

falls at 11.49 (2.69) cmH2O/L/s for this age group [9]. 

The elevated R5 indicates increased total airway 

resistance, reflecting widespread airway narrowing. 

Furthermore, the mean Reactance at 5 Hz (X5=−4.2±1.8 

cmH2O/L/s) was negative, indicating increased lung 

elastance and reduced compliance. This is a common 

finding in obstructive airway diseases and suggests 

significant peripheral airway involvement [10]. 

The most significant finding of our study is the 

superior diagnostic performance of the combined FOT + 

FeNO approach. With an impressive sensitivity of 92%, 

specificity of 84%, and an overall AUC of 0.87, our 

results align with and extend the findings of other 

researchers who have explored the synergistic use of 

these two modalities. Hu et al. performed a retrospective 

study in 203 asthmatic children comparing IOS and 
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FeNO, constructing a predictive model for uncontrolled 

asthma. The combined model (R5 + R5–R20 + FeNO) 

achieved an AUC of 0.915, sensitivity of 83.1%, and 

specificity of 89.2%, outperforming either individual test 

or conventional spirometric indices. Like the present 

study, high R5, R5–R20, and FeNO were associated with 

poor control, and the combination provided a more 

robust diagnostic approach for assessing small airway 

dysfunction and inflammation [11]. A similar study by 

Lin et al. which was conducted among 560 asthmatic 

children and 140 healthy controls, showing that 

uncontrolled asthma is characterized by elevated FeNO, 

R5, R5–R20, and abnormal spirometry. The study found 

that combining FeNO (>20 ppb) with IOS parameters 

significantly raised the specificity (above 85%) for 

predicting poor asthma control, which parallels the high 

diagnostic accuracy observed in this study [12]. Another 

study by Chen et al developed a prediction model in 

preschool children, again finding that combining 

oscillometry and FeNO resulted in AUC values near or 

above 0.9, with excellent sensitivity and specificity [13]. 

The idea that FOT and FeNO are 

complementary tools is strongly supported by our data. 

FOT offers a non-invasive, objective evaluation of the 

physiological effects of airway disease, specifically 

peripheral lung mechanics and airway obstruction. FeNO 

also acts as a clear indicator of the underlying 

inflammatory process. By combining them, the 

limitations of each test when used separately are lessened 

and a more complete picture of the patient's respiratory 

status is obtained [14,15]. 

Our study's cross-sectional design, which 

precludes long-term outcome monitoring and future 

exacerbation prediction, may be a limitation. 

Furthermore, the findings might not apply to other 

populations because the study was conducted at a single 

location and involved a particular demographic. To 

confirm the predictive value of the combined FOT + 

FeNO approach for directing individualised treatment 

plans and tracking the course of the disease in children 

with wheezing, future research should concentrate on 

multi-center, longitudinal studies. 

Conclusion: 

Our study shows that a highly sensitive and specific 

method for assessing wheezing children is the 

combination of Fractional Exhaled Nitric Oxide (FeNO) 

testing and Forced Oscillation Technique (FOT). When 

FOT and FeNO are used together, they outperform 

traditional pulmonary function tests when used alone in 

accurately capturing the physiological (airway resistance 

and reactance) and inflammatory (eosinophilic 

inflammation) aspects of paediatric airway disease. The 

routine use of this dual-modality approach in clinical 

practice for thorough asthma assessment and 

management is supported by its superior diagnostic 

accuracy for uncontrolled asthma and small airway 

dysfunction, especially in younger children who are 

unable to complete spirometry. 
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