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What is already known on 
this topic?
•	 To the best of our knowledge, 

this is the first study to evaluate a 
Turkish version of the NOSE scale 
and sonoelastography in children 
with allergic rhinitis. In addition, 
different methods were com-
pared and the results were found 
to be compatible with each other.

•	 As a result, the Turkish version of 
the Nose Obstruction Symptom 
Evaluation scale and sonoelas-
tography can be used to eval-
uate nasal obstruction due to 
inferior turbinate hypertrophy in 
children with allergic rhinitis.

What this study adds on 
this topic?
•	 The attached paper entitled 

“Comparison of nasal airway 
obstruction with different meth-
ods in children with allergic rhi-
nitis” sought to determine any 
correlation between different 
nasal obstruction measurements 
in children with allergic rhinitis. 

•	 Nasal airway obstruction (NAO) 
was assessed using sonoelas-
tography, a Turkish version of 
the Nose Obstruction Symptom 
Evaluation (T-NOSE), Rhino-
conjunctivitis Total Symptom 
Score (RTSS), and visual an-
alog scale (VAS)] methods in 
children with allergic rhinitis 
and the results were compared 
with a healthy control group.
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ABSTRACT

Objective: Nasal airway obstruction caused by inferior turbinate hypertrophy is the most trou-
blesome symptom for patients with allergic rhinitis. The aim of this study was to determine any 
correlation between different nasal obstruction measurements in children with allergic rhinitis.

Material and Methods: Nasal airway obstruction was assessed with Sonoelastography, Turkish 
version of the Nose Obstruction Symptom Evaluation scale, Rhinoconjunctivitis Total Symptom 
Score and visual analog scale methods in children with allergic rhinitis and the results were 
compared with a healthy control group. 

Results: Evaluation was made of a total of 68 patients (40 boys and 28 girls [male: female ratio, 
1.42]) with a mean age of 13.35±3.35 (range, 7-18) years. The Rhinoconjunctivitis Total Symp-
tom Score, visual analog scale, and Turkish version of the Nose Obstruction Symptom Evalua-
tion scale scores were significantly higher in the AR group than in the control group (p=0.001, 
p=0.001, p=0.001, respectively). The sonoelastography scores were significantly higher in the 
AR group than in the control group (p=0.001). Although a positive significant correlation was 
determined between Rhinoconjunctivitis Total Symptom Score, visual analog scale, and Turk-
ish version of the Nose Obstruction Symptom Evaluation scale scores in terms of AR severity, 
no relationship was found with the sonoelastography scores (p=0.022, p=0.009, p=0.001, and 
p=0.0751, respectively).

Conclusion: The Turkish version of the Nose Obstruction Symptom Evaluation scale and sono-
elastography can be used to evaluate nasal obstruction due to inferior turbinate hypertrophy 
in children with allergic rhinitis.

Keywords: Allergic rhinitis, children, nasal airway obstruction, sonoelastography, Nose Ob-
struction Symptom Evaluation Score
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Introduction

Allergic rhinitis (AR) is an inflammatory disease that causes symptoms such as nasal dis-
charge, blockage, itching, and sneezing, affecting about 20-40% of the population world-
wide (1). Nasal airway obstruction (NAO) is a key symptom in allergic rhinitis, and eosinophilic 
inflammation is a hallmark of allergic diseases. Allergic rhinitis has been significantly asso-
ciated with nasal eosinophilia and reversible nasal airway obstruction suggesting chronic 
inflammation and structural remodeling of the nasal mucosa in children (2).
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Hypertrophy of the inferior turbinates is the most important 
cause of nasal airway obstruction. Coblation inferior turbinate 
reduction resolves nasal obstruction and has a favorable im-
pact on associated respiratory symptoms (3). Nasal airway ob-
struction can be evaluated with subjective and objective scales. 
Visual analog scales (VAS), the Rhinoconjunctivitis Total Symp-
tom Score (RTSS), and the Nose Obstruction Symptom Evalu-
ation (NOSE) scale are the used subjective methods, whereas 
rhinomanometry and acoustic rhinometry are accepted as ob-
jective evaluations (4-6). Despite the high prevalence of NAO, 
there is no universally accepted diagnostic tool to determine 
the severity of the obstruction. Sonoelastograpy (UE) is a rela-
tively new technique for measuring tissue stiffness and evalu-
ating tissue fibrosis. In previous adult studies, the use of UE to 
evaluate inferior turbinates has been shown to be a reliable, 
non-invasive method and could be capable of staging disease 
activity (7, 8). There is a limitation in the detection of the severi-
ty of allergic rhinitis, mainly based on the subjectivity due to the 
perception of the symptoms of patients.

The NOSE scale, which has been developed in recent years and 
has been validated in Turkish, is used as a non-invasive method 
to evaluate nasal obstruction subjectively (6, 9).

To the best of our knowledge, the Turkish Nasal Obstruction 
Symptom Score (T-NOSE) has not been evaluated previously 
in children with AR. 

The purpose of this study was to determine a reliable, non-in-
vasive measurement tool that could easily grade and scale na-
sal airway obstruction in the pediatric population. Thus, differ-
ent techniques were evaluated using T-NOSE, RTSS, VAS, and 
sonoelastography methods. The secondary aim of the study 
was to assess the T-NOSE as a subjective tool to determine 
NAO in children with allergic rhinitis.

Material and Methods

Study population 
This case-control study was conducted in the Pediatric Al-
lergy, Otorhinolaryngology and Radiology Outpatient clinics 
of our hospital between May and September 2018. The study 
was conducted in concordance with the Declaration of Hel-
sinki-Ethical Principles for Medical Research Involving Human 
Subjects. Ethics committee approval was obtained for the study 
(University of Health Sciences Antalya Training and Research 
Hospital Ethics Committee. Date and number: 2018-175) and 
written informed consent was provided by the parents or legal 
guardians of the patients. The AR phenotype and severity was 
classified by the physicians in accordance with the Allergic Rhi-
nitis and Its Impact on Asthma (ARIA) classification in children 
who had nasal symptoms within the previous 12 months (10).

 A total of 46 children (29 boys, 17 girls) with AR aged 9-18 years 
were recruited to the study. Otolaryngologic examinations 
were performed by the same otolaryngologist. The exclusion 
criteria included sinonasal infection and/or inflammation in the 
preceding month, history of septal deviation, and prior sinon-
asal surgery. 

The control group included 22 children (11 boys and 11 girls) 
without any present or past record of atopic disease, history 

of paranasal sinus surgery and adenoid hypertrophy, sinona-
sal infection and/or inflammation in the preceding month that 
may cause nasal obstruction. The demographic and clinical 
characteristics of the patients were also evaluated in the study.

Evaluation of disease activity
Disease activity was assessed with the RTSS and VAS.

Rhinoconjunctivitis Total Symptom Score (RTSS): The severi-
ty of symptoms of nasal and ocular symptoms was evaluated 
according to the symptom scoring system. A total of six allergic 
symptoms (four rhinitis symptoms and two conjunctivitis symp-
toms) were measured on a scale from 0 to 3 (i.e. none to severe 
symptoms) and the sum of both provided the rhinoconjunctivitis 
score (5).

Visual analog scale (VAS): To record symptoms of obstruction, 
rhinorrhea, itching, and sneezing, VAS of 10 cm was used to 
quantify the severity of a patient’s symptoms subjectively. VAS 
has been found to relate well to ARIA severity classification in 
allergic rhinitis (4). 

Nasal Obstruction Symptom Evaluation (NOSE) scale: NOSE is 
a questionnaire that focuses on nasal obstruction. It is com-
posed of 5 questions related to nasal obstruction. Each question 
is scored using a 5-point Likert scale and higher NOSE scores 
related to severe nasal obstruction. Recently the Turkish version 
of the NOSE questionnaire (9) has been validated. The parents 
of the study independently completed the questionnaire.

Sonoelastography: All of UE assessments were performed us-
ing a Toshiba Aplio 500 (Toshiba America Medical Symptoms, 
Inc., CA) ultrasonography device. Assessments were made ac-
cording to a previous study by Kısmalı et al. (7). At least five 
valid measurements were performed for each turbinate. The 
quantitative elasticity values were measured in kilopascals 
(kPa) and the median value of these five measurements was 
used in the analysis. Higher propagation rates are associated 
with harder tissue because the speed of sound waves in a solid 
medium is higher. The opposite applies to lower velocity values.

Statistical analysis
As a result of the simulation study conducted before the study 
(priori power analysis), the sample width required to reach 
80.80% power was determined as 49 in the case group and 
25 in the control group. However, due to the limitations of the 
study, the study was completed with 46 subjects in the case 
group and 22 subjects in the control group with 77.47% (poste-
rior power analysis) power. Statistical analysis was performed 
using Statistical Package for the Social Sciences (SPSS ver. 
20.0, IBM SPSS Corp.; Armonk, NY, USA). Continuous vari-
ables are defined as mean±standard deviation and/or medi-
an(min-max), and categorical variables are defined as number 
and percentage. The normality hypothesis was tested using the 
Kolmogorov-Smirnov test. For continuous numerical variables, 
the Mann–Whitney U test was used to determine whether there 
was any difference between the study group and the controls, 
and for the categorical variables, the Chi-square test. Krus-
kal–Wallis variance analysis was used to determine differences 
within the groups. When significant differences emerged in the 
measurements, the Bonferroni-Dunn test was used in pairwise 
comparisons.
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Spearman’s correlation analysis was used to investigate the 
correlations between variables. P-values of less than 0.05 were 
accepted as statistically significant.

Results

The final evaluation was made with a total of 68 patients (40 
boys and 28 girls [male: female ratio, 1.42]) with a mean age of 
13.35±3.35 (range, 7-18) years. There was no statistically signif-
icant difference between the AR group and the control group 
in respect of age or sex (Mann-Whitney U test, p=0.251, Chi-
square test, p=0.430). In the AR group, eight patients (17.4%) 
were classified as having mild intermittent, 18 (39.1%) as hav-
ing mild persistent, 16 (34.8%) as having moderate AR, and four 
(8.7%) as having severe AR. The median duration of AR was 3.5 
(range, 1-10) years. Multiple allergies were determined in 31 
(58.9%) patients and a single allergy in 15 (41.3%) patients. Asth-
ma was determined together with AR in 27 (58.9%) patients. In 
the AR group, there was a positive family history in 31 (67.4%) 
patients (Table 1).

The RTSS, VAS, and T-NOSE scores were significantly high-
er in the AR group than in the control group (Mann-Whitney 
U test, p=0.001, p=0.001, p=0.001, respectively). The sono-
elastography scores were significantly higher in the AR group 
than in the control group [42.82±8.24 (range, 25.6-68.2) kPa, 
13.03±6.31 (range, 10.2-37.2) kPa, respectively, Mann-Whitney 
U test, p=0.001] (Table 2). To determine which subgroups were 
responsible for these differences, pairwise comparisons using 
the Bonferroni-Dunn test were performed. The results of this 
test revealed that there were significant differences between 
all subgroups of the AR and control groups (adjusted p<0.01) 
(Table 3).

There were significant differences between the AR subgroups 
in terms of RTSS, VAS, and T-NOSE scores (p=0.022, p=0.009, 
p=0.001, respectively). The sonoelastography scores were sta-
tistically similar between the AR subgroups (p=0.075) (Table 4).

Spearman’s correlation analysis was used to investigate the 
correlations between variables such as age, disease dura-
tion, total IgE, eosinophil count, VAS, RTSS, T-NOSE, and son-
oelastography scores in patients with AR. There was a positive 
and moderate correlation between age and the elastography 
scores (r=0.50, p=0.001). Total IgE, eosinophil counts, and du-
ration of allergic rhinitis were not correlated with the elastog-
raphy measurements (r=0.072, p=0.254; r=-0.155, p=0.353; 
r=0.227, p=0.130, respectively).

There was a positive and moderate correlation between the 
T-NOSE score and RTSS and VAS, but no relationship between 
age and disease duration in the AR group (r=0.578, p=0.001; 
r=0.571, p=0.01; r=0.113, p=0.455; r= -0.003, p=0.984, respec-
tively). 

Discussion

This paper is the first to study the Turkish version of the NOSE 
scale and sonoelastography in children with AR. In addition, in-
ferior turbinate hypertrophy was evaluated using sonoelastog-
raphy and the correlations with NAO subjective measurements 
were examined. Sonoelastography and its correlation with 
RTSS, VAS, and T-NOSE scales were evaluated. The results of 
this study showed that VAS, RTSS, T-NOSE, and sonoelastogra-
phy scores were compatible and significantly higher in the AR 
group. Owing to the positive correlation between T-NOSE, VAS, 
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Table 1. The demographic and clinical characteristics of 
children with allergic rhinitis
Characteristics Allergic rhinitis (n=46)
Sex 

F 17 (37%)
M 29 (63%)

Age, years, (mean±SD) 13.06±3.2
Rhinitis duration, years (mean±SD) 3.56±2.11
Asthma comorbidity, n 27 (58.9%)
Family history of atopy, n 31 (67.4%)
Allergic rhinitis severity,
ARIA classification, n (%)

Mild intermittent 8 (17.4)
Mild persistent 18 (39.1)
Moderate 16 (34.8)
Severe 4 (8.7)

Total serum IgE, IU/mL (mean±SD) 354±381 (18-1492)
Eosinophilia, % (mean±SD) 5.18±3.39
Values in parentheses are percentages; ARIA: Allergic Rhinitis and its Impact on 
Asthma; SD: standard deviation; F: female; M: male

Table 2. A comparison of the allergic rhinitis total symptom 
scores, visual analoque scale and sonoelostography scores of 
allergic rhinitis and healty controls 

Allergic 
rhinitis 
(n=46)

Healty 
controls 
(n=22)

p

RTSS (mean±SD) 9.34±2.24 1.86±1.65 0.001a

Rhinitis symptom score 
(mean±SD) 7.94±5.58 1.62±1.45 0.001a

Ocular symptom score 
(mean±SD) 2.23±1.75 0.33±0.65 0.001a

T-NOSE score (mean±SD) 25.23±15.24 6.62±5.79 0.001a

VAS, (mean±SD) 5.89±2.24 1.48±1.20 0.001a

Sonoelostography, (kPa) 
(mean±SD) 42.82±8.24 13.03±6.31 0.001

RTSS: Rhinoconjunctivitis Total Symptom Score; T-NOSE: Turkish Version of 
Nasal Obstruction Symptom Evaluation; VAS: visual analog scale; SD: standard 
deviation; Results are expressed as n (%), aMann-Whitney U test

Table 3. Pairwise comparisons and adjusted p values of the 
groups in terms of the rhinoconjunctivitis total symptom score, 
visual analog scale and sonoelastography scores 

Mild 
intermittent 

AR vs. 
control

Mild 
persistent 

AR vs. 
control

Moderate 
AR vs. 
control

Severe 
AR vs. 
control

RTSS (mean±SD) 0.015 0.001 0.001 0.001
VAS (mean±SD) 0.002 0.002 0.001 0.003
T-NOSE score 
(mean±SD) 0.026 0.001 0.003 0.001

Sonoelastography 
(kPa) (mean±SD) 0.001 0.001 0.001 0.004

AR: allergic rhinitis; RTSS: Rhinoconjunctivitis Total Symptom Score; T-NOSE: 
Turkish version of Nasal Obstruction Symptom Evaluation; VAS: visual analog 
scale; SD: standard deviation
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and RTSS, T-NOSE can be used as a subjective method for the 
detection of nasal obstruction in children with AR.

Comparisons were also made of the relationships between 
these tests and disease severity. Although there was a positive 
remarkable correlation between the RTSS, VAS, and T-NOSE 
scores in terms of AR severity, no correlation was found be-
tween AR severity and sonoelastography scores. 

Nasal obstruction due to inferior turbinate hypertrophy in AR is 
one of the most frequently seen conditions in otorhinolaryngol-
ogy practice. Objective assessments such as rhinomanometry 
and acoustic rhinometry are the reference methods, but be-
cause they are difficult to perform in children, they are not con-
sidered very reliable or reproducible (11-13). Sonoelastograpy 
objectively measures inferior turbinate elasticity and indirectly 
assesses inferior turbinate hypertrophy. In adult studies, evalu-
ating the inferior turbinate using sonoelastography might be an 
objective and non-invasive method (7, 8). Turhal et al. (8) found 
no difference between a group of adult patients with AR and a 
control group in respect of sonoelastography scores. Howev-
er, in the current study, the sonoelastography scores were sig-
nificantly higher in the AR group. The differences between the 
two studies might be due to the duration of AR, the age of the 
patients, and the small size of the study groups. The previous 
study included 23 patients with a mean age of 28.27 years with 
a mean duration of AR as 7 (range, 1-24) months, whereas, in 
the current study, an evaluation was made of 46 patients with a 
mean age of 13.06±3.2 years with a mean duration of AR of 3.56 
(range, 1-5) years. A positive relationship between age and 
sonoelastography values was determined in the current study.

Many studies used VAS and RTSS scores to assess AR disease 
activity (14, 15). The NOSE scale is a simple, subjective, fre-
quently used, and well-validated quality of life (QoL) tool spe-
cific to NAO (6). Data about the correlation between RTSS, VAS, 
and NOSE scale are limited and based on studies of the general 
adult population (16, 17). Very few studies have used the NOSE 
scale in children with AR. In the current study, the Turkish ver-
sion of the NOSE scale was evaluated in children with AR and 
correlations were examined between T-NOSE and RTSS and 
VAS. The results demonstrated that the T-NOSE scale is a valid 
tool for assessing pediatric patients with AR with NAO, and it 
was seen to be compatible with other NAO measurements.

No currently available objective measure can be considered 
a standard for the evaluation of NAO (18). Sonoelastograpy is 
a relatively new technology, with the first commercial release 
in 2003 and the first rhinology study published in 2015. Sono-
elastograpy uses non-ionizing radiation and is therefore safe 

for repeated clinical use (7, 19). The results of this study sug-
gest that ultrasound elastography may be suitable for use as 
a non-invasive, objective test for evaluating inferior turbinate 
hypertrophy in children with AR. 

The limited number of patients in the study group and the lack of 
objective evaluations such as rhinomanometry to compare with 
sonoelastography due to technical reasons are the major limita-
tions of our study. The strength of our study is the presentation of 
the first and concomitant use of T-NOSE and ultrasound elastog-
raphy in the evaluation of NAO in children with AR.

In this study, inferior turbinate hypertrophy was evaluat-
ed using sonoelastography and the T-NOSE scale in children 
with AR. Additionally, subjective NAO measurements such as 
VAS and RTSS were assessed. T-NOSE and sonoelastography 
scores were compatible with subjective NAO tests such as VAS 
and RTSS, and were significantly higher in the AR group.

Sonoelastograpy objectively measures inferior turbinate elas-
ticity and indirectly assesses inferior turbinate hypertrophy. It 
may be used as an objective method for NAO. There is a need 
for further studies comparing sonoelastography with oth-
er tests. According to our results, it can be suggested that the 
T-NOSE scale and sonoelastography can be used to evaluate 
nasal obstruction due to inferior turbinate hypertrophy in chil-
dren with AR.
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