
Abstract 

Introduction: Inferior turbinate hypertrophy (ITH) plays an important role in the complaint of nasal 
obstruction. Surgical procedures are preferred to reduce the inferior turbinate if medical treatments 
fail to achieve satisfactory results. Numerous surgical techniques have been tried for inferior turbinate 
surgery. Recently, inferior turbinate radiofrequency ablation (RFA) has come forward among these 
surgical techniques. The aim of this study was to evaluate results of inferior turbinate RFA in patients 
who did not benefit from medical therapy.
Patients and Methods: The study included 32 patients who are suffering from nasal obstruction be-
cause of ITH. All the patients did not benefit from medical therapy. Topical and infiltrative anesthesia 
was performed before the application. Severities of the patients’ complaint of nasal obstruction were 
subjectively evaluated by using a visual analogue scale (VAS) preoperatively, and postoperatively on 
six weeks and one year. The effects of inferior turbinate RFA on mucociliary activity were evaluated in 
the same period by a saccharin test.
Results: The mean preoperative VAS score was 6.47. The mean postoperative 6-week and 1-year VAS 
scores were 4.13 (P<0.001) and 4.47 (P<0.001), respectively.  There was a statistically significant de-
crease in postoperative VAS scores compared to preoperative VAS scores.  The average saccharin test 
results for the right nasal cavity preoperatively, 6 weeks postoperatively, and 1 year postoperatively 
were 11.03 minutes, 11.75 minutes (P=0.054), and 11.69 minutes (P=0.074), respectively. The aver-
age saccharin test results for the left nasal cavity preoperatively, 6 weeks postoperatively, and 1 year 
postoperatively were 10.91 minutes, 11.22 minutes (P=0.268), and 11.59 minutes (P=0.187), respec-
tively. There were no statistically significant differences between preoperative and postoperative sac-
charin test results for each nasal cavity.
Conclusion: Inferior turbinate RFA can be used alone effectively in the treatment of nasal obstruction 
caused by ITH. Results of inferior turbinate RFA are satisfactory for at least one year without causing 
impairment in physiologic mucociliary activity or other adverse effects.
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Introduction
Inferior turbinate hypertrophy (ITH) 

plays an important role in the complaint of 
nasal obstruction. The common causes of 
ITH are compensatory inferior turbinate 

hypertrophy secondary to nasal septal de-
viation and allergic and vasomotor rhini-
tis [1].  Medical treatments are generally 
preferred initially in the treatment of ITH. 
In many cases, intranasal topical steroids, 
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Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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antihistamines and decongestants often yield good re-
sults. Surgical procedures are preferred to reduce the 
inferior turbinate if medical treatments fail to achieve 
satisfactory results. To date, numerous surgical tech-
niques have been tried for inferior turbinate surgery. 
While performing these techniques, several problems 
were observed such as bleeding, crusting, synechiae, 
mucosal damage, atrophic rhinitis, prolonged recovery 
times, unsuccessful surgery, and excessive cost [2-4]. 
Studies are still underway to determine the ideal surgi-
cal method. Recently, inferior turbinate radiofrequency 
ablation (RFA) has come forward among these surgi-
cal techniques. The early outcomes of inferior turbinate 
RFA have been evaluated in many studies but there are 
few studies that evaluate both early and late outcomes 
of inferior turbinate RFA together [5,6]. The aim of this 
study was to evaluate early and one-year follow-up re-
sults of inferior turbinate RFA in patients who did not 
benefit from medical therapy.

Material and Methods
This study was approved by the Izmir Clinical Re-

search Ethics Committee (24.12.2009-78) and con-
ducted in the Department of Otorhinolaryngology at 
the Izmir Military Hospital between December 2009 
and May 2011. Informed consent was obtained from 
all patients. Patients suffering from nasal obstruction 
because of inferior turbinate hypertrophy and who did 
not benefit from medical therapy were included in this 
study.  Patients that have not seen significant improve-
ment in their nasal obstruction complaint despite us-
ing medical treatment for at least three months were as-
sessed, as they had no benefit from medical treatment. 
Exclusion criteria were as follows: smokers, patients 
with a severe deviated septum or nasal polyps on na-
sal endoscopic examination, upper and lower respira-
tory infection in previous month, or previous history 
of inferior turbinate surgery. This study included 32 
patients (30 were male, 2 were female). The mean age 
of the patients was 26.59, ranging: 20 to 48 years old. 
Inferior turbinate RFA was performed with an RFA de-
vice (Gyrus® G3 model, temperature-controlled radio 
frequency, plasmacision generator, USA). Topical and 
infiltrative anesthesia was performed before the appli-
cation. Epinephrine-free 10% pantocain impregnated 
cotton pledgets were placed in both nasal cavities and 

were removed after five minutes. 1ml lidocaine HCL 
( Jetokain Simplex® 20 mg, 2 ml, Adeka, Turkey) injec-
tions were performed in each of the inferior turbinates. 
No vasoconstrictive agents were used.  After five min-
utes, the radiofrequency (RF) electrode was placed 
submucosally within the anterior portion of the infe-
rior turbinate and advanced toward the posterior part 
of the inferior turbinate as far as possible under direct 
vision using a fiber optic headlight. Our goal was to de-
liver the RF energy in a single session in these patients. 
The active 10mm portion of the electrode was buried 
within the inferior turbinate so that at least 3 mm of 
the inactive electrode was in contact with mucosa to 
protect the mucosa from injury. RF energy was deliv-
ered to the inferior turbinates bilaterally at a maximum 
temperature of 75°C and to a maximum energy of 800 
Joule in a single session. The RF electrode was removed 
by pulling back slowly while RF energy was deliver-
ing. We carefully delivered the RF energy, particularly 
avoiding inadvertent injury to the internal nasal valve 
region during the procedure. We were able to move the 
RF electrode from the anterior part of the inferior tur-
binate to the posterior part in 11 patients. We delivered 
the entire RF energy in two sessions in 21 patients be-
cause we could not advance the RF electrode success-
fully. We placed the RF electrode in the anterior and 
the middle part of inferior turbinate in these patients. 
A nasal package was not used after the procedure. Na-
sal irrigation with isotonic saline solution was recom-
mended to patients. Antibiotics were not prescribed. 
Nasal endoscopic examination was performed preop-
eratively and postoperatively at 6 weeks and 1 year.  In 
our department we did not have any device such as rhi-
nomanometry or acoustic rhinomanometry for objec-
tive assessment of nasal obstruction severity; therefore, 
we evaluated nasal obstruction severity by using a VAS 
scale.

Severities of the patients’ complaint of nasal ob-
struction were subjectively evaluated by using a visual 
analogue scale (VAS) preoperatively, and postopera-
tively at six weeks and one year. Patients were asked to 
rate their complaints on a 10-point VAS form (0: very 
comfortable breathing; 10: severe nasal obstruction). 
The effects of inferior turbinate RFA on mucociliary 
activity were evaluated by a saccharin test preopera-
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Figure 1. The mean visual analogue scale scores. There was a sta-
tistically significant decrease in postoperative VAS scores com-
pared to preoperative VAS scores (P<0.001). There was no sig-
nificant difference between postoperative 6-week and 1-year VAS 
scores (P=0.147).  

Figure 2. A. Preoperative view of the patient’s left inferior turbi-
nate in nasal endoscopic examination. The patient’s preoperative 
VAS score was 7. B. Postoperative 1-year view of the patient’s left 
inferior turbinate in nasal endoscopic examination. There was a 
significant volume reduction between preoperative and postoper-
ative 1-year inferior turbinate volumes. The patient’s postoperative 
1-year VAS score was 4.

tively, and postoperatively at six weeks and one year. 
One quarter of a saccharin tablet was placed in the me-
dial side of the anterior inferior turbinate with the aid 
of forceps. Patients were asked to swallow in 1-minute 
intervals and to report when they tasted the saccharin. 
The saccharin test was performed separately for each 
nasal cavity, with the elapsed time being recorded in 
minutes. An SPSS for Windows 11.5.0 statistical pro-
gram was used to evaluate the data, and the Wilcoxon 
sign test method was used for comparison. P <0.05 was 
considered significant. 

Results
The mean preoperative VAS score was 6.47. The 

mean postoperative 6-week and 1-year VAS scores 
were 4.13 (P<0.001) and 4.47 (P<0.001), respectively 
(Figure 1).  There was a statistically significant decrease 
in postoperative VAS scores compared to preoperative 
VAS scores (Figure 2a,b). There was no significant 
difference between postoperative 6-week and 1-year 
VAS scores (P=0.147).  A saccharin test was evaluated 
separately for each nasal cavity (Figure 3). The average 
saccharin test results for the right nasal cavity preop-
eratively, 6 weeks postoperatively, and 1 year postoper-
atively were 11.03 minutes, 11.75 minutes (P=0.054), 
and 11.69 minutes (P=0.074), respectively. The aver-
age saccharin test results for the left nasal cavity preop-
eratively, 6 weeks postoperatively, and 1 year postoper-
atively were 10.91 minutes, 11.22 minutes (P=0.268), 
and 11.59 minutes (P=0.187), respectively. There were 
no statistically significant differences between preop-
erative and postoperative saccharin test results for each 
nasal cavity. There was no statistically significant differ-

A

B

ence between postoperative 6-week and 1-year results 
for each nasal cavity with the saccharin test (right: 
P=0.954, and left: P=0.27).

Based on the saccharin test results, nasal mucosal 
activity was preserved at six weeks and one year after 
the inferior turbinate RFA. When we looked at compli-
cations of inferior turbinate RFA, we found that there 
were no remarkable complications with inferior turbi-
nate RFA.  Bleeding was not observed during or after 
inferior turbinate RFA. Five patients fainted during ad-
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Figure 3. The average saccharin test results for the right nasal 
cavity preoperatively, 6 weeks postoperatively, and 1 year post-
operatively were 11.03 minutes, 11.75 minutes (P=0.054), and 
11.69 minutes (P=0.074), respectively. The average saccha-
rin test results for the left nasal cavity preoperatively, 6 weeks 
postoperatively, and 1 year postoperatively were 10.91 minutes, 
11.22 minutes (P=0.268), and 11.59 minutes (P=0.187), re-
spectively. There were no statistically significant differences be-
tween preoperative and postoperative saccharin test results for 
each nasal cavity.

ministration of local anesthesia but inferior turbinate 
RFA was completed successfully in these patients. 11 
patients complained of mild pain after the procedure 
but this improved with a single dose of 500mg par-
acetamol (Parol®, Atabay, Turkey). Seven patients com-
plained of sneezing for one day after the procedure. 12 
patients complained of mild itching in the nasal cavity 
and mild nasal obstruction that lasted five days after the 
procedure. 

Discussion
Surgical methods for ITH should preserve physi-

ologic nasal mucosal functions and ensure adequate 
tissue reduction to improve the nasal airway. In addi-
tion to these, surgical methods should be easily applica-
ble, repeatable and have minimal complications. Many 
surgical techniques such as electrocautery, chemical 
cautery, cryosurgery, subtotal or total turbinectomy, 
and laser applications are not recommended today. It 
is not possible to avoid complications and preserve na-
sal mucosal functions such as mucociliary activity via 
these surgical methods. Mucosal sparing techniques 
such as inferior turbinoplasty and inferior turbinate 
RFA are recommended [2,4-6]. Nasal septal surgery 
should be applied for better functional outcomes in the 
presence of a deviated septum accompanying ITH [3]. 
We excluded patients that had a severe deviated sep-
tum in our study. Cavaliere et al. compared the effects 

of inferior turbinate RFA and submucous turbinate re-
section (STR) on mucociliary transport time in their 
study. Mucociliary transport time was found to be pro-
longed in patients one week after undergoing STR, but 
there was no statistically significant difference between 
RFA and STR groups at the one-month follow-up [7]. 
RFA and STR techniques both have similar effects in 
reducing nasal obstruction. However, STR techniques 
can cause infection, bleeding, crusting, synechiae, and 
excessive tissue loss. These complications occur much 
less frequently in microdebrider turbinoplasty [3].

Focal submucosal coagulation necrosis, fibrosis 
and contraction occur respectively after inferior turbi-
nate RFA. Finally, tissue volume is reduced. Function 
and structure of mucosa are preserved [6,7]. RFA does 
not cause high temperature in the tissue. RFA generates 
75–85°C temperature in the tissue, while electrocau-
tery generates 800°C.  RFA is applicable in the office 
environment with minimal patient discomfort.  RFA 
does not cause bleeding, crusting, ulceration, mucosal 
damage or secretion increment. There is no need for 
nasal packing, and the results are easy to maintain after 
the procedure. Pre-syncope was reported during and 
after RFA, but this complication can be easily avoided 
[3,8,9]. Pre-syncope developed in five patients (15%) 
during local anesthetic injection in our study, but this 
situation did not prevent the completion of the proce-
dure. Bleeding complication was not seen in any of the 
patients. Mild pain was seen in 11 patients (34%) after 
RFA, but it was successfully treated with single-dose 
oral analgesic. Sneezing developed in seven (21%) pa-
tients but this resolved within the first day after RFA. 
A total of 12 (37%) patients complained of mild itch-
ing in the nasal cavity and mild nasal obstruction that 
lasted seven days after the procedure. These complaints 
were temporary side effects and should not be consid-
ered complications.

There is a variety of RF devices and probes that are 
manufactured to be utilized in inferior turbinate RFA. 
Cavaliere et al. followed patients that had İTH for 20 
months and compared results of bipolar and monopo-
lar inferior turbinate RFA in their study. They found a 
significant decrease in nasal obstruction one week af-
ter bipolar RFA, while there was a significant decrease 
in nasal obstruction one month after monopolar RFA. 
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Despite the early benefits of the bipolar RF probe, 
there was an increase in nasal volume and a simultane-
ous decrease in nasal resistance that peaked one month 
after the procedure in both groups. Acceptable out-
comes had been preserved in both groups during the 
20-month follow-up period. There was no significant 
difference between the groups [7]. Porter et al. assessed 
nasal obstruction severity, frequency, and overall abil-
ity to breathe in patients after inferior turbinate RFA in 
a prospective, randomized, single-blind, placebo-con-
trolled study. They assessed patients using the Visual 
Analog Scale (VAS) before RFA and at eight weeks, six 
months, one year, and two years after RFA. Significant 
improvements were seen in all parameters eight weeks 
after the RFA. There was no statistically significant dif-
ference between postoperative 8-week and 2-year re-
sults. There was no significant symptom two years af-
ter the RFA [8]. In another study, patients’ complaints 
were assessed preoperatively and postoperatively in the 
short and long term using VAS.  According to the study, 
inferior turbinate RFA is a safe, effective and easily ap-
plicable procedure in obstructive ITH [10]. 

It has also been shown that better results may be 
obtained by applying RFA to two different locations 
of the inferior turbinate instead of one location [5]. 
We used a monopolar RF probe in our study. The RF 
probe was placed submucosally within the anterior 
portion of the inferior turbinate and then moved to the 
posterior aspect. The RF probe was removed by pull-
ing back slowly while RF energy was still being deliv-
ered. We took special care to avoid injuring the internal 
nasal valve region during the procedure.  We tried to 
apply RFA through one point as much as possible to 
minimize mucosal injury.  We were able to move the 
RF probe from the anterior part of the inferior turbi-
nate to the posterior part in 11 patients. We delivered 
the RF energy in a single session in these patients. We 
delivered the RF energy in two sessions in 21 patients 
in which we couldn’t move the RF electrode from the 
anterior part of the inferior turbinate to the posterior 
part. Nasal obstruction can be assessed by VAS safely 
[1,4,5].  We evaluated nasal obstruction with VAS. VAS 
scores were improved significantly (starting from six 
weeks after the RFA and preserved until one year after 
the RFA). Our study has some limitations. Firstly, our 

study group consists of only young adults and we have 
no data about older patients. Secondly, we used VAS 
to evaluate nasal obstruction severity because we did 
not have chance to use objective tests such as rhinoma-
nometry or acoustic rhinomanometry for objective as-
sessment of nasal obstruction severity. 

Cukurova et al. examined long-term results of in-
ferior turbinate RFA histologically in their study. They 
found that RFA did not cause carbonization and osteitis 
of the inferior turbinate after 60-month follow-up. Mi-
nor tissue damage developed, while fibrosis in the tissue 
resulted in volume reduction of the inferior turbinate 
[11]. Coste et al. showed that ciliated cells in the super-
ficial epithelium were still intact and had normal beat 
frequency using the saccharin test one week following 
RFA [9]. This study shows how mucociliary clearance 
activity is maintained and that the saccharin test can be 
used to assess clearance function after RFA. Back et al. 
applied RFA to the inferior turbinate and assessed se-
verity and frequency of nasal obstruction and patient 
satisfaction with VAS in their study.  Significant im-
provements were seen in severity and frequency of na-
sal obstruction and patient satisfaction parameters and 
were preserved at 12 months follow-up without impair-
ment of saccharin testing and smell functions [12]. We 
showed in our study that there was no significant differ-
ence between early- and late-term saccharin test results, 
and mucociliary activity was preserved in our study.

Conclusion
Inferior turbinate RFA can be used alone effectively 

in the treatment of nasal obstruction caused by ITH.  
Inferior turbinate RFA can retain its early-term result 
for at least one year without causing impairment in 
physiologic mucociliary activity or other adverse com-
plications.
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