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ABSTRACT 
Septal deviation causes various nasal symptoms and other sinonasal disease. We evaluated the relationship between septal 

deviation and morphologic changes of the inferior turbinate. PNS CT of 31 patients (septal deviation group) and 20 normal 
subjects (normal control group) were reviewed. We measured the thickness of the inferior turbinate and the angle between the 
lateral nasal wall and the inferior turbinate in each group. Each measurements were analyzed using t-test and compared. The 
thic-kness of the inferior turbinate and the angle between the lateral nasal wall and the inferior turbinate showed no difference 
between the right and left side in the control group. The same measurement of the convex side in the septal deviation group were 
not different from those of the control group. However, the thickness of the inferior turbinate and the angle between the lateral 
nasal wall and the inferior turbinate differed significantly from the control group data. Changes of the inferior turbinate in septal 
deviation were caused not only by hypertrophy of the inferior turbinate, but also by the increased angle between the lateral nasal 
wall and the inferior turbinate. 
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INTRODUCTION 

 
Septal deviation causes variable nasal symptoms in-

cluding nasal obstruction and is also the causative factor 
of other sinonasal diseases such as chronic sinusitis. It 
also causes structural changes of other structures within 
the nasal cavity. There have especially been many 
researches carried out for a long period of time based 
on compensatory hypertrophy of the inferior turbinate 
in septal deviation patients and many results have been 
submitted. Until now, research was mainly focused on 
mucosal hypertrophy and bony hypertrophy. Research 
based on the angle between the inferior turbinate and 
lateral nasal wall has been close to nonexistent. There-

fore, methods such as removal of the mucosa or bony 
portion of the hypertrophied inferior turbinate have 
been used for improvement of symptoms. However, 
such methods can bring about postoperative compli-
cations such as atrophic rhinitis, bleeding, crust forma-
tion and so forth. Also, information based on the effect, 
indication of inferior turbinate surgery and effective 
methods is still insufficient.  

Therefore the authors wish to provide a suitable 
background in order to choose an appropriate treat-
ment modality for compensatory inferior turbinate hy-
pertrophy accompanied with nasal septal deviation in 
accordance with research based on the changes of the 
inferior turbinate as a result of septal deviation.  

 
MATERIAL AND METHOD 

 
This study is based on patients that visited the de-

partment of otorhinolaryngology at the Yonsei medical 
center from December 2001 to February 2003. 31 pa-
tients that complained of nasal obstruction and were 
diagnosed with nasal septal deviation by an anterior 
rhinoscopy whom agreed to participate in this expe-
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riment were recommended to undergo PNS CT scans 
and were chosen as the subjects for this study. The 
control group consisted of 20 patients who complained 
of olfactory disorders that did not show septal devia-
tion according to an anterior rhinoscopy and acoustic 
rhinometry. These patients underwent PNS CT scans 
to exclude other causative factors, such as tumors 
when anatomical abnormalities or nasal polyps were 
not noticed either. Patients in neither group had a his-
tory of recent trauma or infection according to past 
medical histories. The age group was from 20 to 62 
years old with an average age of 34.5 years old in the 
experimental group and 29 to 72 years old with an 
average age of 36.6 years old in the control group. 
There were 8 male and 12 female patients in the cont-
rol group and 17 male and 14 female patients in the 
experimental group.  

PNS CT of the axial and coronal view was carried 
out at a 5mm interval. The thickness and angel bet-
ween the lateral nasal wall and the inferior turbinate 
was each measured using the PACS (picture archiving 
and communicating system) by General Electronics. 
For measurement from a fixed point, the front part of 
the vertical portion of the uncinate process was set up 
as the standard point (Fig. 1). In order to find the pic-
ture that is closest to the standard point among the 
coronal view of PNS CT, we chose the one that reveals 
the uncinate process as the longest and measured the 
thickness of the inferior turbinate and angel between 

the inferior turbinate and the lateral nasal wall.  
In the case of the measurement of the angel between 

the inferior turbinate and lateral nasal wall, the point 
where the inferior turbinate and lateral nasal wall meet 
was set as the vertical point. The standard point was 
set at the meeting point of the center point of the bony 
end of the inferior turbinate and the point where the 
lateral nasal wall meets with the nasal cavity floor. The 
angel established by these three points was measured. 
Also, for measurement of the thickness of the inferior 
turbinate, the thickness was measured at several diff-
erent parts with the inferior turbinate at a horizontal 
plane with the nasal floor and the one with the highest 
value was chosen (Fig. 2). The experiment group was 
divided into a convex side and a concave side and each 
was measured separately. The control group was di-
vided into a right side and a left side and each was 
measured separately. The data of the control group 
was first compared and evaluated using a paired t-test 
and the data of the experimental group was evaluated 
and compared with the control group using a two-
sample t-test.  

 
RESULT 

 
First, we will examine the results of the control 

group. The thickness of the right inferior turbinate was 

Fig. 1. In order to compare the value at an established point of 
the inferior turbinate, the beginning portion of the uncinate 
process is set as the standard point (This picture recorded in the 
“Clinical Anatomy of the Nose” is used under author’s permis-
sion). 

Anterior 
fontanelle 

Lacrimal 
bone 

Perpendicular 
plate of  

palatine bone 

 

Cut edge of middle turbinate 

Uncinate process 
Bulla ethmoidalis 

Posterior fontanelle 

 
A 

 
B 

Fig. 2. The thickness of the inferior turbinate and angle establi-
shed by the inferior turbinate and lateral nasal wall is measured. 
The method of measurement is schematically shown. A：The 
angle established by the inferior turbinate and lateral nasal 
wall. B：Thickness of the inferior turbinate. 
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5.20 mm as the minimum and 13.6 as the maximum 
value with an average of 8.38 mm and standard de-
viation of 1.98 mm. The thickness of the left inferior 
turbinate was 4.9 mm as the minimum and 13.1 mm as 
the maximum value with an average of 9.82 mm and 
standard deviation of 1.82 mm. However, the differ-
ence between the two groups was not statistically sig-
nificant according to a p-value of 0.15. The right angle 
established by the inferior turbinate and lateral nasal 
wall was 49.4°as the minimum and 86.1°as the ma-
ximum value with an average of 67.14°and standard 
deviation of 11.11°the left angle was 44.5°as the mi-
nimum and 85.7°as the maximum value with an ave-
rage of 66.84°and standard deviation of 11.27°How-
ever, both values did not show a significant difference 
with a p-value of 0.78 (Table. 1). 

The data of the control group that did not show a 
significant difference was added into one value and 
the average and standard deviation was obtained again. 
This value was compared with the measured value 
of the convex and concave side of the experimental 
group. 

The average thickness of the inferior turbinate of the 
control group was 8.6 mm with a standard deviation of 
1.91 mm. The concave side was 4.6 mm at minimum 
and 18.4 mm at maximum with an average of 11.47 
mm and standard deviation of 3.29 mm. This showed a 
significant difference compared to the control group 
with a p-value of 0.0001. However, the convex side was 
4.3 mm at minimum and 16.2 mm at maximum with an 
average of 9.46 mm and standard deviation of 2.59 
mm, which were thicker compared to the control group, 
however, the difference was not significant with a p-
value of 0.13. 

The angle established between the inferior turbinate 
and lateral nasal wall of the control group showed an 
average of 66.99°and standard deviation of 11.19°

The angle of the concave side was 44.5°as the mini-

mum and 85.7°as the maximum value with an average 
of 80.95°and standard deviation of 16.19°This sh-
owed a significant difference compared to the control 
group with a p-value of 0.0001. The angle of the convex 
side was 44.5°as the minimum and 85.7°as the maxi-
mum value with an average of 64.27°and standard 
deviation of 15.82°which showed a somewhat low 
value compared to the control group, however there 
was no significant difference with a p-value of 0.43 
(Table. 2).  

 
DISCUSSION 

 
Septal deviation can cause symptoms such as nasal 

obstruction, postnasal drip, mouth breathing along with 
variable symptoms such as headache and olfactory dis-
orders. Also, when deviation is severe, turbulent flow 
is formed which causes negative pressure that leads to 
edema or hypertrophy of the surrounding tissues. Such 
changes can cause abnormalities of the osteomeatal 
unit that can affect the development of sinusitis.  

Among changes of the nasal cavity followed by 
septal deviation, studies based on the hypertrophy of 
the concave side of the inferior turbinate has been ca-
rried out the most. Through a histological study, it has 
stated that hypertrophy of the concave side is caused 
by increment of erectile tissue. 1) Besides compensa-
tory hypertrophy, mucociliary transport disturbance can 
also occur. In the case of the convex side, increment of 
glands of the inferior turbinate mucosa can be obs-
erved along with increment of inflammatory cells of 
the opposite side. 2) Compensatory hypertrophy of the 
inferior turbinate has the effect of preventing crust 
formation or dryness caused by excess air flow. How-
ever, resistance to such air flow can, on the other hand, 
cause nasal obstruction. Haight et al., stated that not 
only is hypertrophy of the inferior turbinate respon-

Table 1. Result of thickness of inferior turbinate and angle 
between lateral nasal wall and inferior turbinate in control 
group 

 
Thickness of inferior 

turbinate (mm) 

Angle between inferior 
turbinate and lateral 

nasal wall (°) 
Right side 8.38±1.98 67.14±11.11 

Left side 9.82±1.82 66.84±11.27 
p-value 0.15 0.78 

   

Table 2. Result of thickness of inferior turbinate and angle bet -
ween lateral nasal wall and inferior turbinate in septal devia-
tion group 

 
Thickness of inferior 

turbinate (mm) 

Angle between inferior 
turbinate and lateral  

nasal wall (°) 
Control 08.60±1.91 66.99±11.19 
Concave 
p-value 

11.47±3.29 
0.0001 

80.95±16.19  
0.0001 

Convex  
p-value 

09.46±2.59 
0.1300 

64.27±15.82 
0.4300 
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sible for resistance to air flow but protrusion of the 
inferior turbinate into the nasal cavity can also cause 
such resistance.2)  

Therefore, the authors carried out this study based 
on changes of the inferior turbinate followed by septal 
deviation along with the angle established by the in-
ferior turbinate and lateral nasal wall. First of all thick-
ness of the inferior turbinate showed an increase in 
the concave side, which was similar to other results. In 
this study, the mucosa and bone were not separately 
measured. According to Ahn et al.,3) and Egeli et al.,4) 
not only does increase of glands effect inferior turbi-
nate hypertrophy but also does increase of the bony 
portion. However according to a comparison study of a 
normal inferior turbinate and hypertrophied inferior 
turbinate carried out by Berger et al.,5) the bony por-
tion of the hypertrophied inferior turbinate was twice 
as much hyertrophied compared to the normal inferior 
turbinate. However, the degree of hypertrophy of the 
external and internal mucosa was very insignificant, 
which suggests a very minimal effect in inferior tur-
binate hypertrophy. However, in this study, the tissue 
was used for the the normal inferior turbinate was 
from a dead body which suggests that this comparison 
study was not carried out in an identical condition for 
each group. 

In the case of the angle established by the inferior 
turbinate and lateral nasal wall, it was confirmed that 
the angle increased at the concave side. Fairbanks et al., 
also stated that at the time of bony and mucosal hyper-
torphy followed by septal deviation, internal protrusion 
also occurred simultaneously.6) Therefore, we believe 
that a breathing passage within the nasal cavity can be 
estblished by lessening the angle between the inferior 
turbinate and nasal lateral wall by a septoplasty that will 
help to obtain relief of symptoms as a result. 

An outfracture is also another method used to lessen 

the angle established by the inferior turbinate and nasal 
lateral wall that has many advantages compared to 
other methods. Firstly, it does not effect the mucosa 
therefore complications such as adhesion or crust for-
mation do not develop. Secondly, the possibility of 
atrophic rhinitis occurring after surgery is very low.7) 
Thirdly, side effects such as bleeding rarely occur. 
However, there are reports that state that outfracture of 
the inferior turbinate returns to its normal position after 
a period of time and because the soft tissue itself of the 
hypertrophied inferior turbinate is not removed, it will 
not have many effect on the improvement of symp-
toms.8) Therefore, we believe that further evaluation 
based on the structural changes of the inferior turbinate 
along with additional research based on outfracture of 
the inferior turbinate and its effect on symptoms will 
be necessary. 
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