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INTRODUCTION

The development of the paranasal sinuses begins during 
the fetal life, continues after birth and matures around the 
age of 121-3. The development of the maxillary sinuses begins 
in the third week of gestation from the first branchial arch 
and continues through early adulthood4. This process in-
cludes two fast phases: 0-3 and 7-12 years old2. Maxillary sinus 
volume increases with age in both sexes until 16 years of age1. 
In the development and maturation of paranasal sinus (PNS) 
pneumatization, the nasopharyngeal area is estimated to pro-
vide positive pressure1,4.

Adenoid hypertrophy is one of the most common diseases 
in the pediatric population. Due to its location, adenoid tis-
sue may have negative effects on physiological development 

and changes in facial development. Moreover, many known 
adverse effects of adenoid hypertrophy include maxillo-facial 
developmental disorders, Eustachian tube dysfunction and 
various degrees of ear diseases (acute, recurrent or chronic 
suppurative otitis media or otitis media with effusion), nasal 
and paranasal sinus diseases (acute, recurrent or chronic viral 
or bacterial rhinosinusitis)5-7.

Adenoid hypertrophy and narrowing in the air column 
can be shown on a lateral nasopharynx graphy. Adenoid hy-
pertrophy can also be evaluated by CT scans and MRI, which 
are not routinely obtained for adenoid hypertrophy8.

The present study aims to examine the relationship be-
tween adenoid tissue size and the volume of the maxillary si-
nuses by examining the PNS computed tomography images 
retrospectively in children aged 7-14 years.
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ABSTRACT

OBJECTIVES. Adenoid hypertrophy is related to obstructive sleep apnea syndrome (OSAS). In this study, we investigated the relationship 
between adenoid tissue size and maxillary sinus volumes by examining the paranasal sinus computed tomography (PNSCT) images. 
MATERIAL AND METHODS. PNSCT images of 41 children were included in this study. According to the adenoid/nasopharynx (A/
NP) ratio, two groups were identified. Group 1 (n=19, 9 males and 10 females): A/NP≤0.50 and Group 2 (n=22, 16 males and 6 females): 
A/NP>0.50. The following measurements were performed: adenoid width, NP width, A/NP ratio, air column, soft palate, maxillary sinus 
volume and mucosal thickening.
RESULTS. Adenoid width of group 2 (16.11±2.26 mm) was higher than that of group 1 (10.97±2.26 mm). In group 2, with an A/NP ratio of 
0.61±0.07, the air column value (6.30±2.27 mm) was lower than that of group 1 with an A/NP ratio of 0.40±0.07 (air column value: 10.06±3.78 
mm). NP width, soft palate and maxillary sinus volumes were not different between groups 1 and 2. As the adenoid width increased, the A/NP 
ratio increased, and the air column decreased. 
CONCLUSION. The increase of the A/NP ratio was related to the decreased air column. In older children, air column and bilateral maxil-
lary sinus volumes increased. In males, the adenoid width value was larger than that in females. There was no significant relationship between 
A/NP ratio and maxillary sinus volume or NP width values. However, higher A/NP ratio values were related to lower air column measurements. 
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MATERIAL AND METHODS

This retrospective study was conducted in Pediatrics, Oto-
rhinolaryngology and Radiology Departments of the 
Kırıkkale University, Faculty of Medicine, according to the 
principles of the Declaration of Helsinki. Paranasal sinus 
computerized tomography (PNSCT) images were obtained 
from the database of the Radiology Department, Kırıkkale 
University, Faculty of Medicine. Ethics committee approval 
was obtained from the Kırıkkale University Non-invasive Re-
search Ethics Committee (Date: February 19, 2020; Number: 
2020.02.14).

Subjects
This study was performed retrospectively. PNSCT images 

of 41 children were included in the present study. Accord-
ing to the adenoid/nasopharynx (A/NP) ratio, two groups 
were identified: Group 1 (n=19): A/NP≤0.50; Group 2 
(n=22): A/NP>0.50.

Indications for PNSCT in children in groups 1 and 2 were 
persistent nasal obstruction or discharge, chronic headache, 
chronic cough and periorbital diseases.

Subjects with previous trauma or surgery history, sinonasal 
polyposis, tumor, sinonasal CSF leak, marked nasal septal de-
formity, marked facial deformity, and chronic diseases, such 

as chronic kidney failure, hyperparathyroidism, were not in-
cluded in this study.

In children aged 7 to 14 years, PNSCT is not taken in 
routine medical approaches. Therefore, the number of 
children in groups 1 and 2 was small, which is the limita-
tion of our study.

Paranasal Sinus Computed Tomography (PNSCT) Mea-
surements

The CT scans were performed in the prone position, the 
head in hyperextension, without contrast and sedation. The 
routine paranasal CT protocol, 64-slice CT (Brilliance CT sys-
tem; Philips Healthcare, Cleveland, OH) was used for com-
puted tomographic examinations. The parameters used in 
imaging were: tubevoltage = 120 kV; effective, mAs = 350; slice 
thickness = 1.00 mm; field of vision = 180 mm; and the image 
matrix = 768 x 768. Reconstruction images were obtained. 
The evaluation was performed on three-plane (axial, coronal 
and sagittal) images at the workstation.

After scanning, the volumes of the maxillary sinuses were 
automatically calculated with a volume rendering technique 
(VRT) in the workstation (Extended Brilliance; Philips Med-
ical Systems). 

The measurements were performed by the same radiolo-
gist (A.Ö.):

1.  Adenoidal-nasopharyngeal ratios (A/NP ratios) were 
calculated according to the method of Fujioka et al.9 
(Figure 1). 

Figure 1. On sagittal PNSCT: (A) nasopharyngeal width (the distance between 
hard palate upper posterior superior edge and the sphenobasioccipital 
synchondrosis), (B) adenoid width (it is calculated from the maximal convexity 
point), (C) air column, which is the width of the nasopharyngeal air column from 
the maximal convexity point of the adenoid and soft palate) and (D) soft palate 
measurements are shown.

Figure 2. Three-dimensional (axial, coronal and sagittal planes) CT 
reconstruction images of maxillary sinus volume in a 10-year-old boy.
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The measurement of the adenoid (A) represents the 
distance from the point of maximal convexity along the 
inferior margin of the adenoid, measured along the 
straight section of the anterior margin of the basioc-
ciput. The adenoidal measurement is determined by 
measuring along a line dropped perpendicular to its 
intersection point with the line drawn along the straight 
section of the anterior margin of the basiocciput.
The measurement of the nasopharyngeal space 
(NP) is taken as the distance between the posterior-
superior edge of the hard palate and the anteroinfe-
rior edge of the spheno-basilar synchondrosis. The 
A/NP ratio is obtained by dividing the measurement 
for A by the value for NP.

2.  Air column, which is the width of the nasopharyngeal 
air column from the maximal convexity point of the 
adenoid and the soft palate, and soft palate measure-
ments were accomplished10 (Figure 1). The measure-
ment of the soft palate was taken from the point of 
maximum convexity of the soft palate, perpendicular to 
the anterior wall of the soft palate.

3.  Volume calculations of the maxillary sinus were per-
formed using clip section and volume section 3-plane 
staining stages. Aeration was calculated in the air modes 
(Figures 2, 3). After scanning, the volumes of the maxil-
lary sinuses were automatically calculated with a volume 
rendering technique (VRT) in the workstation (Exten-

Figure 3. Three-dimensional (axial, coronal, and sagittal planes) reconstruction 
images of bilateral maxillary sinus volume of the same patient are shown.

Table 1. Measurement results on PNSCT.

Group 1 (A/NF≤0.50) (n=19) Group 2 (A/NF>0.50) (n=22)

PMean Median Std.Dev Mean Median Std.Dev

Age 11.31 12.00 1.63 10.72 10.50 1.54 0.227*

Measurements

Adenoid width 10.97 10.81 2.26 16.11 16.27 2.26 0.000*

NF width 27.27 26.49 3.52 26.24 25.98 2.94 0.556*

A/NF ratio 0.40 0.41 0.07 0.61 0.60 0.07 0.000*

Air column 10.06 9.51 3.78 6.30 6.46 2.27 0.000*

Soft palate 7.91 7.75 1.12 7.48 7.54 0.83 0.314*

Maxillary  
sinus

Volume R 10.66 10.50 3.67 9.75 9.40 3.46 0.448*

Volume L 10.46 9.50 4.08 10.24 9.60 3.61 0.844*

n % n % 203.75

Mucosal  
thickening - R

Present 6 31.6 7 31.8 P=0.987
χ2=0.000Absent 13 68.4 15 68.2

Mucosal 
thickening - L

Present 9 47.4 4 18.2 P=0.045
χ2=4.011Absent 10 52.6 18 81.8

*p value shows the results of Mann Whitney U test; **p value shows the results of Chi-square test; A/NF – adenoid/nasopharynx ratio; R –right; L – left.
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ded Brilliance; Philips Medical Systems).
4.  Radiologically, sinusitis was defined as thickening sinus 

ostium or sinus walls at least 3 mm in CT images.
Statistical Analysis
For the statistical analysis, the SPSS for Windows 16.0 

(SPSS, INC, an IBM Company, Chicago, Illinois) was used. 
Chi-square test, Mann-Whitney U test, and Spearman’s correla-
tion rho efficient test were used. A p-value < 0.05 was consid-
ered statistically significant.

RESULTS

In Group 1 (A/NP≤0.50), there were nine (47.4%) males 
and 10 (52.6%) females. In Group 2 (A/NP>0.50), there 
were 16 (72.7%) males and six (27.3%) females. There were 
no significant differences between groups from the sex distri-

bution point of view (p=0.097, χ2=2.755). The mean age of 
Group 1 was 11.31±1.63 years (ranged from 9.00 to 13.00 
years) and 10.72±1.54 years (ranged from 9.00 to 13.00 years) 
in Group 2. There were no significant differences between 
ages of groups (p=0.227). 

Adenoid width
The adenoid width of Group 2 (16.11±2.26 mm) (min: 

11.22 mm, max: 21.25 mm) was significantly higher than that 
of Group 1 (10.97±2.26 mm) (min: 5.67 mm, max: 15.10 
mm) (p=0.000) (Table 1). 

NP width
There were no significant differences between NP width 

values of Group 1 (27.27±3.52 mm) (min: 22.41 mm, max: 
37.48 mm) and Group 2 (26.24±2.94 mm) (min: 21.17 mm, 
max: 33.22 mm) (p=0.556) (Table 1). 

A/NP ratio
The A/NP ratio of Group 2 (0.61±0.07) was significantly 

Table 2. Correlation test results*.

Adenoid 
width

NF width A/NF ratio
Air  

column
Soft palate

Maxillary sinus volume

L

Adenoid width
r 0.268 0.876 -0.520 -0.155 -0.010 -0.128

p 0.090 0.000 0.000 0.333 0.952 0.424

NF width
r 0.268 -0.182 0.191 -0.062 -0.109 -0.077

p 0.090 0.256 0.231 0.700 0.497 0.632

Air column
r 0.876 -0.182

.
-0.648 -0.163 0.067 -0.058

p 0.000 0.256 0.000 0.307 0.678 0.720

Air column
r -0.520 0.191 -0.648

.
0.185 0.165 0.246

p 0.000 0.231 0.000 0.247 0.303 0.121

Soft palate
r -0.155 -0.062 -0.163 0.185 0.037 0.048

p 0.333 0.700 0.307 0.247 0.819 0.765

Maxillary sinus volume

R
r -0.010 -0.109 0.067 0.165 0.037 0.904

p 0.952 0.497 0.678 0.303 0.819 0.000

L
r -0.128 -0.077 -0.058 0.246 0.048 0.904

p 0.424 0.632 0.720 0.121 0.765 0.000

Age
r -0.222 -0.105 -0.149 0.343 0.167 0.505 0.471

p 0.164 0.515 0.353 0.028 0.296 0.001 0.002

Gender
r -0.330 -0.235 -0.226 -0.114 -0.114 0.211 0.281

p 0.035 0.140 0.155 0.478 0.477 0.185 0.075

A/NF Group 
(Code 1: A/NF≤0.50,  
Code 2: A/NF>0.50)

r 0.769 -0.093 0.864 -0.616 -0.159 0.031 -0.120

p 0.000 0.563 0.000 0.000 0.320 0.847 0.455

*p value shows the results of Spearman’s correlation rho efficient test; r – shows correlation coefficient; p – shows statistically significance;  
R – right; L – left; A/NF – adenoid/nasopharynx ratio
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higher than that of Group 1 (0.40±0.07) (p=0.000) (Table 1). 
This is an expected result as the groups were performed ac-
cording to the adenoid/nasopharynx (A/NP) ratio (Group 
1: A/NP≤0.50; Group 2 A/NP>0.50).

Air column
The air column value of Group 2 (6.30±2.27 mm) (min: 

0.82 mm, max: 9.98 mm) was significantly lower than that of 
Group 1 (10.06±3.78 mm) (min: 5.75 mm, max: 23.52 mm) 
(p=0.000) (Table 1). 

Soft palate
There were no significant differences between the soft pal-

ate values of Group 1 (7.91±1.12 mm) (min: min: 5.77 mm, 
max: 11.35 mm) and Group 2 (7.48±0.83 mm) (min: 5.57 
mm, max: 8.81 mm) (p=0.314) (Table 1). The soft palate is 
also important for the air passage of the participants.

Maxillary sinus volume
There were no significant differences between maxil-

lary sinus volumes of Groups 1 and 2 bilaterally (p>0.05) 
(Table 1). In Group 1, the right maxillary sinus volume 
was 10.66±3.67 mm3 (min: 5.60 mm3, max: 17.90 mm3), 
the left maxillary sinus volume was 10.46±4.08 mm3 (min: 
5.20 mm3, max: 21.30 mm3). In Group 2, the right maxil-
lary sinus volume was 9.75±3.46 mm3 (min: 2.10 mm3, 
max: 16.30 mm3), the left maxillary sinus volume was 
10.24±3.61 mm3 (min: 2.00 mm3, max: 16.90 mm3).

Maxillary sinus mucosal thickening
In Group 1, maxillary sinus mucosal thickening on the left 

side was detected in 47.4% of the children. In Group 2, it was 
detected in 18.2% of the children (p=0.045) (Table 1).

On the right side, there were no significant differences 
between maxillary sinus mucosal thickness values of Groups 
1 and 2 (p=0.987) (Table 1).

Correlation test results
As the adenoid width increased, the A/NP ratio increased 

and the air column decreased (p<0.05) (Table 2, Figure 4).
There were positive correlations between right and left 

maxillary sinus volume values (p<0.05) (Table 2). As the right 
maxillary sinus volume increased, the left maxillary volume 
also increased. There were no significant correlations be-
tween maxillary sinus volume and NF width, A/NF ratio 
(p>0.05) (Table 2). As the right (p=0.001, r: -0.514) and left 
maxillary sinus volume (p:0.000, r: -0.563) increased, left 
maxillary sinus mucosal thickening decreased. There were no 
significant correlations between right (p=0.085, r: -0.273) and 
left maxillary sinus volumes (p=0.061, r: -0.295) and right 
maxillary sinus mucosal thickening.

As age increased, the air column and bilateral maxillary 
sinus volumes increased (p<0.05) (Table 2). 

In males, the adenoid width value was larger than that in 
females (p<0.05) (Table 2). 

DISCUSSIONS

Upper respiratory tract and paranasal sinus diseases have 
an important place in the daily clinical practice of pediatri-

cians and otolaryngologists. Adenoid hypertrophy is one of 
the most frequent disorders in the pediatric population. 
This study was planned to provide an understanding of the 
relationship of adenoid hypertrophy with the morphologi-
cal structure and volume of the maxillary sinuses. Genetic 
effects are not the only main factor of craniofacial growth in 
childhood. Nasal obstruction caused by allergic rhinitis, ad-
enoid hypertrophy and nasal septal disorders also affect 
craniofacial growth11.

During the development process, adenoid tissue size 
may also affect the volume and aeration of the maxillary 
sinuses (paranasal sinuses). However, there are few studies 
in the literature that investigate these effects, which re-
mained under-researched2,12.

In the present study, we investigated the relationship 
between the adenoid volume, nasopharynx width and 
maxillary sinus volume in children aged ranged from 7 to 
14, which corresponds to the rapid growth and develop-
ment phase of the maxillary sinuses1,2,13,14. The findings 
obtained in this study showed that there were no signifi-
cant differences between NP width values of Group 1, 
patients with A/NP ratio ≤ 0.50, (27.27±3.52 mm) and 
Group 2, patients with A/NP ratio > 0.50, (26.24±2.94 
mm). The adenoid width of Group 2 (16.11±2.26 mm) 
was higher than that of Group 1 (10.97±2.26 mm). In 
Group 2, with an A/NP ratio of 0.61±0.07, the air column 
value (6.30±2.27 mm) was lower than that of Group 1 

Figure 4. Sagittal PNSCT image of the patient with A/NP>0.50. The significant 
narrowing is observed in the air column.  
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with an A/NP ratio of 0.40±0.07 (air column value: 
10.06±3.78 mm).

There is a close relationship between adenoid tissue and 
paranasal sinuses. Maxillary sinuses are the largest sinuses in 
paranasal sinuses. Anatomical and developmental defini-
tions of the maxillary sinus can be clinically significant. 
Pneumatization and normal development of children’s si-
nuses can serve as a reference to assessing the normal or 
abnormal development of maxillary sinuses. Normal values 
and clinical indexes can be used in diagnosis, preoperative 
evaluation and treatment planning1,3. Adenoidal-naso-
pharyngeal ratio affects and/or relates to the height of the 
maxilla in the “hypoplasia of the naso-maxillary complex” as 
a part of adenoid face features15.

Both in adults with obstructive sleep apnea syndrome 
(OSAS) and children with adenoid hypertrophy, in patients 
with narrow nasal and/or nasopharyngeal airway obstruc-
tion, there were differences between the maxilla sizes and 
other cranial bones (e.g., mandible)11,16.

In our study, there were no significant differences between 
the soft palate values of Group 1 (7.91±1.12 mm) and Group 
2 (7.48±0.83 mm). Similarly, maxillary sinus volume was not 
different in Groups 1 and 2. In Group 1, maxillary sinus mu-
cosal thickening on the left side was detected in 47.4% of the 
children. In Group 2, it was detected in 18.2% of the chil-
dren. There were positive correlations between right and left 
maxillary sinus volume values.

The development of the maxilla and mandible is related 
to the transfer of neural crest cells to the first branchial arch17. 
During the gradual expansion of the maxillary bone, the 
maxillary sinus is centered18. However, this process and 
growth stages are quite variable. At birth, the greatest width is 
observed in the anterior-posterior direction. Subsequently, 
during the first year, growth occurs towards the deep plane of 
the orbit. Between the ages of 4 and 9, lateral growth takes 
place, and beyond the age of nine, growth progresses towards 
the inferior part and the hard palate.

The formation of permanent teeth is the final phase of 
pneumatization18. Dentoalveolar heights of the maxillary mo-
lars and the rate of upper and lower anterior face heights 
seem to be associated with changes in the respiratory mode 
from mouth to nose breath after adenoidectomy19.

In the present study, as adenoid width increased, the 
A/NP ratio increased, and the air column decreased. The 
increase in the A/NP ratio was related to the decreased air 
column. In older children, air column and bilateral maxillary 
sinus volumes increased. In males, the adenoid width value 
was larger than that in females. Similarly, Talebian et al. found 
that male adenoid size on lateral neck radiography was sig-
nificantly higher than that of the females20.

The maxillary sinus that develops due to too many phases 
is very inevitable in volume and variation. Passing these max-
illary growth phases in childhood and decreasing the nasal 
airflow due to the adenoid vegetation frequently seen in this 
period cause “a retropositioned hyoid bone, a narrow upper 
dental arch, retropositioned mandibular incisors, increased 

anterior face-height, a narrower V-shaped maxillary arch, in-
creased mandibular plane angle, and a posterior-rotated 
mandible” in comparison with healthy controls21.

Pediatric obstructive sleep apnea syndrome pathophysiol-
ogy is multifactorial. The most common cause is the excessive 
growth of adenoids and tonsils, which cause upper airway 
restriction during sleep. Accordingly, primary care is called 
tonsillectomy with or without adenoidectomy22.

Obstructive sleep apnea syndrome prevalence is highest 
between the ages of 2-8, as the development of pharyngeal 
lymphatic tissue causes maximum narrowing of airway lu-
mens. Sagittal Cranial MRI planes from 189 children and 
adults without clinical signs of adenoid hypertrophy showed 
that pharyngeal tonsils reach the maximum size between 7-10 
years. Moderate to severe obstructive sleep apnea syndrome 
(AHI > 5/h) treatment in children with adenoid and/or ton-
sil hypertrophy is an adenotonsillectomy23.

CONCLUSIONS

In conclusion, we showed no significant relationship be-
tween A/NP ratio and maxillary sinus volume or NP width 
values. However, higher A/NP ratio values were related to 
lower air column measurements. 
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