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Abstract
The aim of this study was to evaluate the short and medium-term effects of radiofrequency (RF) and potassium
titanyl phosphate (KTP) and neodymium-yttrium-aluminum garnet (Nd:YAG) laser treatment on the inferior turbinate
mucosa in a porcine model. Following randomization, the inferior turbinates were treated either with RF submucosally
or with the KTP or the Nd:YAG laser on the surface under videoendoscopic control. Tissue samples were taken
at the end of postoperative weeks 1 and 6, and were evaluated macroscopically and histopathologically. Scanning
electron microscopy was implemented to demonstrate the morphological changes in the respiratory epithelium. Six
weeks following the RF procedure, the mucosa was intact in all cases, and the volume of the inferior turbinates was
reduced in the majority of the cases. Although a volume reduction occurred in both laser groups, more complications
associated with the healing procedure were noted. With hematoxylin and eosin and periodic acid–Schiff staining, intact
epithelium, and submucosal glands remained after the RF procedures at the end of postoperative week 6. Following
the KTP-laser intervention, necrotizing sialometaplasia and cartilage destruction occurred, and squamous metaplasia
was also apparent in the Nd:YAG group. In both laser groups, dilated glands with excess mucus were seen. The
scanning electron microscopic findings demonstrated that cilia were present in all cases. In conclusion, the mediumterm macroscopic results were similar in all 3 groups, but the postoperative complications were less following the RF
procedure. RF procedure is minimally invasive due to the submucosal intervention that leads to a painless, function
preserving recovery.
Keywords
animal nasal turbinate, histopathology, potassium titanyl phosphate (KTP) laser, neodymium-yttrium-aluminum garnet
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Introduction
Besides septal deviation, hypertrophic inferior turbinates
are the other most frequent causes of nasal obstruction.1
With reference to Scheithauer’s classification, lateropositioning, resectioning, and coagulating procedures can be
performed on inferior turbinates.2 If conservative therapy
fails to relieve a nasal blockage, functional surgical intervention may be considered as an alternative. The aim of
such procedures is to preserve the humidification and
cleaning function of the mucosa, thereby reducing the
nasal airway resistance. The various methods of surgical
turbinate reduction include submucosal diathermia, electrocoagulation of the turbinate mucosa, cryotherapy,

argon plasma coagulation, radiofrequency (RF) therapy,
and laser surgical procedures.3-7 Several comprehensive
studies have described the histological benefits following
various procedures.8-10 On average, RF instruments generate no more than 75°C in the submucosal layers, inducing thermonecrosis.11 As a consequence of the high
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amount of energy released during the application of
potassium titanyl phosphate (KTP) and neodymiumyttrium-aluminum garnet (Nd:YAG) laser procedures,
microvessel occlusion or vasculitis may be induced, with
a reduction of the volume of the turbinates as a result of
wound healing.12,13
The aim of this study was to evaluate the short- and
medium-term effects of RF and of KTP and Nd:YAG
laser treatment on the histology of the inferior turbinate
mucosa in an animal model.
To the best of our knowledge, no other study has
reported comparative morphological and histological
effects on the inferior turbinate in the short- and mid-term
postoperative period in an animal model following the
application of RF or KTP or Nd:YAG laser also with
comparative examinations by scanning electron microscopy (SEM).

Materials and Methods
A porcine model was chosen for this study in view of the
histological resemblance of porcine ciliated respiratory
cells to human respiratory cells.14
Twelve Duroc pigs with an average weight of 19.25 kg
(range 16-21 kg) were studied. All experiments were
implemented in full accordance with the rules and regulations regarding the use of animals in medical research.
The study was approved by the Ethics Committee on
Animal Research of the University of Pécs under protocol number BA02/2000-1/2004.
All the 12 animals were allowed to acclimate for 1
week prior to surgery. They were provided with pig chow
and water ad libitum during the acclimation period and
throughout the study, with the exception that they were
not allowed to eat or drink for 12 hours prior to surgery,
and were not fed for 24 hours postoperatively. Pigs were
monitored daily for general (eg, fever, amount of chow
and water consumed, insomnia) and nasal intervention–
related adverse events (nasal bleeding, nasal discharge).
All the pigs were anesthetized for induction and intubation with 1.5 mL of ketamine hydrochloride, including
a premedication cocktail consisting of azaperonum (160
mg), ketamine (125 mg), diazepam (10 mg), and atropine
sulfate (1 mg). Endotracheal intubation was followed by
the maintenance of anesthesia with 0.5% halothane.
The inferior turbinates were randomly treated either
with RF device or with a KTP or Nd:YAG laser under
videoendoscopic control (Table 1). With the randomization 2 different procedures were compared in each animal
(intraindividual examination). Table 1 demonstrates, that
among 12 pigs 4 groups (control, RF, KTP, Nd:YAG)
were created containing 6 inferior turbinates in each
group.

Table 1. Randomization of the animals according to the
treatment on the right and left inferior nasal turbinate.
No.
1
2
3
4
5
6
7
8
9
10
11
12

Right Side
Control
Control
Control
RF
RF
RF
KTP
KTP
KTP
Nd:YAG
Nd:YAG
Nd:YAG

Left Side
RF
KTP
Nd:YAG
Control
KTP
Nd:YAG
Control
RF
Nd:YAG
Control
RF
KTP

Tissue samples were taken at the end of postoperative
weeks 1 and 6. The narrow passageway of the nasal cavity of the piglets necessitated endoscopy with a 2.7 (outer
diameter) × 106 mm otoscope (Karl Storz GmbH & Co,
Tuttlingen, Germany).
Prior to the surgical treatment, the nasal mucosa was
anesthetized with tetracain-naphasolin solution.
In the RF group, turbinate reduction was achieved
with a Surgitron 4.0 MHz Dual Frequency RF device
(Ellman International, Oceanside, NY, USA) with a
power setting of 20 W for 15 seconds in the COAG mode.
The bayonette turbinate electrode was inserted submucosally at the anterior pole of the turbinate.
In both laser groups, the laser beam was applied to the
surface from the posterior to the anterior part of the inferior turbinate at 10 W for 15 seconds in CONTACT mode
(LaserScope Orion, Santa Clara, CA, USA).
Before and after all procedures, the anatomy of the
nasal cavity was assessed in all 3 groups following decongestion of the nasal mucosa, and was compared with the
nasal anatomy of the control group (Figure 1A and B).
Biopsies were taken under short-term general and topical anesthesia at the end of postoperative weeks 1 and 6.
Nasal forceps were utilized under endoscopic control to
acquire larger tissue samples.
Macroscopic changes (mucosal swelling, fibrin deposition, ulceration, hematoma, necrosis, crusting, etc) were
examined endoscopically and documented with photos and
video records. By the help of a scoring system the anatomical state, the presence of a wound, the turgidity of the inferior turbinates, bleeding, the quality of the nasal secretion
and the presence of synechia were assessed for evaluation
of the results of the macroscopic findings (Table 2).
Tissue samples were evaluated pathologically from
the view of necrosis, remodeling, and other histological
changes. SEM (JSM 6300 Scanning Microscope, JEOL,
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Table 2. Scoring system: the degree of the lesion (0, 1, 2)
depending on the macroscopic findings.
0
Anatomy

Normal

Crust formation
Turbinate
Bleeding
Secretion
Synechia

No
Intact
No
No
No

1
Minimal
changes
Fibrin
Swollen
Coagulum
Serous
Turbinateseptum

2
Pathological
Crust
Atrophic
Active bleeding
Purulent
Turbinateturbinate

carrying out the evaluation had no prior information concerning the treatment of the samples. The specimens
were embedded in paraffin. Histological sections were
cut and mounted on glass slides, stained with hematoxylin and eosin (HE) or periodic acid–Schiff (PAS) and
evaluated light microscopically as regards wound healing and mucosal function.
HE staining was used to identify the changes in the
structure of the turbinates following the different surgical
procedures, including necrosis, fibrin deposition, cartilage
defects, morphological changes in the layers of the ciliary
epithelium, including metaplastic signs, and the quantification of foreign body giant cells, polymorphonuclear and
mononuclear reactive cells and neoformed vessels.
PAS staining was used to quantify the goblet cells,
which correlated well with the function or dysfunction of
the nasal respiratory epithelium.

Scanning Electron Microscopy
Figure 1. (A) Macroscopic changes at the end of
postoperative week 1: (a) Control group (piglet in supine
position. S, septum; IT, inferior turbinate; MT, middle
turbinate. (b) Radiofrequency (RF) group (arrow: point of
insertion of the RF electrode). (c) KTP laser group (arrow:
thin fibrin along the inferior turbinate). (d) Nd:YAG laser
group (arrow: thick fibrin along the inferior turbinate). (B)
Macroscopic changes at the end of postoperative week 6:
(a) RF group (arrow: reduced inferior turbinate). (b) KTP
laser group (arrow: swollen inferior turbinate). (c) Nd:YAG
laser group (arrow: riffle with crust). (d) Nd:YAG laser group
(arrow: reduced, but deformed inferior turbinate).

After fixing in a mixture of 2% formaldehyde and 2.5%
glutaraldehyde solution for 24 hours, the samples were
carefully washed 3 times in a phosphate buffer (pH 7.4),
and dehydrated with increasing concentrations of alcohol
(finally with absolute alcohol for 20 minutes). They were
then mounted on the worksheet, coated with fine gold,
and analyzed by SEM. The surfaces of the samples were
photographed in order to view the laser-treated tissue,
including its ablation and coagulation zones, and crosssections of the samples were investigated to reveal the
effects of treatment on the deeper tissue layers.

Results
Tokyo, Japan) was implemented to demonstrate variations in the respiratory epithelium.

Macroscopic Findings at Postoperative Week
1 and Postoperative Week 6

Histopathological Investigations

In the RF group, at the end of postoperative week 1
(Table 3), the turbinates generally presented a normal epithelium, except at the points of insertion of the RF electrodes: in 2 such cases smooth fibrin was observed, and in

All tissue samples were routinely fixed in 4% formaldehyde
solution and submitted for histology. The histopathologist
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Nd:YAG

KTP

RF

Control

1
2
3
4
5
6
7
8
9
10
11
12

0
0
0
0
0
1
1
1
0
0
0
0

Right Inferior
Turbinate/No. Anatomy
0
0
0
0
1 (thin fibrin)
2
0
1 (thin fibrin)
1 (thick fibrin)
0
1 (thick fibrin)
2

Crust
Formation
0
0
0
0
0
1
0
1
1
0
1
1

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

4
7
10
1
8
11
2
5
12
3
6
9

Left Inferior
Turbinate Bleeding Secretion Synechia turbinate/No.
0
1
0
0
0
0
0
0
0
0
0
0

Anatomy

0
0
0
0
1 (thin fibrin)
0
0
2
0
2
1 (thick fibrin)
0

Crust
formation

Table 3. Macroscopic findings at the postoperative week 6 (0-2 according to the scoring system) (No: serial number of the animals).

0
0
0
0
0
1
0
1
1
1
1
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

Turbinate Bleeding Secretion Synechia
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1 case a slight crust. In 2 instances, the turbinates were
somewhat swollen, but there was no apparent bleeding,
synechia or pathological discharge (Figure 1Ab). At the
end of postoperative week 6 (Table 4), the epithelium of
all the turbinates appeared to be intact; in 1 case it was
swollen, but in the remaining cases the volume was considerably reduced (Figure 1Ba).
In the KTP laser group, at the end of postoperative
week 1 (Table 3), a thin fibrin deposit was seen along the
inferior turbinates in 2 cases (Figure 1Ac) and a dense
crust in 1 case. Four of the inferior turbinates were swollen. At the end of postoperative week 6 (Table 4), the turbinates were damaged, and crust-covered in 2 cases, and
1 was swollen (Figure 1Bb), but 5 were diminished.
In the Nd:YAG laser group, a thick fibrin deposit was
observed along the inferior turbinates in 2 cases (Figure
1Ad) and there was a thick crust in an additional 2 cases
at the end of postoperative week 1 (Table 3). Four turbinates were markedly swollen. At the end of postoperative
week 6 (Table 4), all the turbinates were damaged, to
various degrees, including extreme riffling and shrinkage
of the soft tissue, and in 1 case (Figure 1Bc, 1Bd) synechia was apparent.

Microscopic Findings
Light microscopy of the HE- and PAS-stained control
sections revealed a situation corresponding to the human
conditions from 1 to 6 weeks following treatment, and the
normal histological conditions were subsequently compared with the microscopic changes following the various
treatments (Table 5). The histological analysis indicates
possible changes in the epithelium, the lamina propria,
the submucosa and, if present, the bone or cartilage.
As a result of the RF treatment, HE-stained sections
with an intact epithelium, a focal torn stratum, intact
glands, and an intact cartilaginous skeleton were observed
at the end of postoperative week 1 (Figure 2Aa). No further histological changes were detected at the end of postoperative week 6, apart from minimal submucosal chronic
inflammation (Figure 2Ba).
At the end of postoperative week 1, the KTP laser
caused a moderate focal thickening of the epithelium,
granulocyte penetration, submucosal scar tissue deposition, and dilated blood vessels, and broadening of the
perichondrium of the nasal turbinate cartilage (Figure
2Ab). At the end of postoperative week 6, remarkable
necrotizing sialometaplasia in the lamina propria, cystic
dilated glands with excess mucus production and a widened perichondrium with cartilage destruction were also
observed (Figure 2Bb).
At the end of postoperative week 1, an intact epithelium, dilated blood vessels, granulocyte infiltration, and
submucosal sialometaplasia were detected after Nd:YAG

laser treatment. Interestingly, the cartilage remained
intact (Figure 2Ac). At the end of postoperative week 6,
squamous metaplasia, including a moderate widening of
the epithelium, was seen in the lamina propria, and submucosal dilated blood vessels, dilated glands, and excess
mucus were also observed. Following the treatment, the
cartilage remained intact (Figure 2Bc).
As noted in connection with the previously detailed
histological image, the PAS-stained sections exhibited
similar histological states in the RF-treated group and the
control group: In most cases, intact states with normal
glandular functions were observed. Both the KTP and the
Nd:YAG laser treatment worsened both the status and the
function of the submucosal glands.

Scanning Electron Microscopy Findings
The surface of the RF-treated inferior turbinate was similar to that in the control group at the end of postoperative
week 1 (Figure 3Ab). After postoperative week 6, the
cells were shallower than in the control group, but the
cilia were not damaged (Figure 3Ba, 3Bc).
In both the KTP and the Nd:YAG groups, the ablation
zone was surrounded by a coagulation area at the end of postoperative week 1 (Figure 3Aa). Additionally, the destruction
of the superficial respiratory epithelium was observed.
After postoperative week 6, the attachments between
the cells were unrestrained, but the cilia were intact in the
KTP group (Figure 3Bb). Interestingly, distinct polygonal-like squamous cells were observed in the Nd:YAG
group (Figure 3Bd).

Discussion
A recent review by Ting and Bing15 illustrates the ongoing controversy relating to the optimal surgical technique
for a hypertrophic inferior turbinate mucosa. Among the
laser surgery procedures, CO2 and Nd:YAG lasers are the
types most frequently applied, though Ho:YAG, diode
and KTP lasers may also be considered. It has been suggested that RF ablation may improve the nasal resistance,
the sense of smell, and the nasal mucociliary function.15
The RF energy causes fibrosis of the underlying
stroma due to submucosal coagulative necrosis, leaving
the epithelium intact. Following wound healing, submucosal scar formation and retraction of the tissue, reduction and stiffening of the turbinate evolve. In the course
of time, partial resorption of the scar tissue results in a
further volume reduction.16
The KTP laser emits light at 532 nm (ie, green light),
which is absorbed by hemoglobin, resulting in consecutive protein denaturation, endothelium impairment, and
microvessel occlusion. As a result, selective coagulation
of the surface mucosal vessels is possible to a depth of
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Nd:YAG

KTP

RF

Control

1
2
3
4
5
6
7
8
9
10
11
12

2
0
0
0
0
0
1
1
2
1
2
1

0
0
0
0
0
0
0
1
0
0
0
0

2
0
0
1
2
2
2
1
2
1
2
0

0
0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
0
1
1
1
1
1
0

0
0
0
0
0
0
0
0
0
0
0
0

Right Inferior
Crust
Turbinate/No. Anatomy Formation Turbinate Bleeding Secretion Synechia
4
7
10
1
8
11
2
5
12
3
6
9

Left Inferior
Turbinate/
No.
0
1
1
0
0
0
0
2
1
1
2
1

Anatomy
0
0
0
0
0
0
0
2
0
0
2
0

Crust
Formation

Table 4. Macroscopic findings at the postoperative week 6 (0-2 according to the scoring system) (No: serial number of the animals).

0
0
1
2
2
0
2
2
2
1
2
2

0
0
0
0
0
0
0
0
0
0
0
0

1
1
0
1
1
1
1
1
0
1
1
1

0
0
0
0
0
0
0
0
0
0
1
0

Turbinate Bleeding Secretion Synechia
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Table 5. Microscopic findings at the postoperative weeks 1 and 6 with the histological lesions in the epithelium, lamina propria,
submucosa and perichondrium.
Epithelium

Lamina Propria

Postoperative week 1
RF
Intact
KTP

Moderate focal thickening

Nd:YAG

Intact

Torn stratum, minimum
granulocyte infiltration
Granulocyte penetration
Granulocyte and
lymphocyte infiltration

Postoperative week 6
RF
Intact
KTP

Moderate thickening

Nd:YAG

Squamous metaplasia, moderate
widening of epithelium

Submucosa
Intact glands

Intact

Granulation tissue,
dilated blood vessels
Sialometaplasia, dilated
blood vessels

Broadening of
perichondrium
Intact

minimal chronic
Intact glands
inflammation
Necrotizing sialometaplasia, Cystic dilated glands with
chronic inflammation
excess mucus
Chronic inflammation
Dilated blood vessels
and glands with excess
mucus

up to 0.5 mm.2 The Nd:YAG laser produces light at
1064 nm, that is, in the near-infrared (invisible) range.
Characteristically, due to the strong backward and forward scattering, thermal coagulation and necrosis may
extend up to 4 mm deep and laterally over the surface,
making precise control impossible. The KTP crystal gives
double the frequency (half the wavelength) of the
Nd:YAG laser. The applied laser instrument provides the
possibility of varying the wavelength from 1064 nm
(Nd:YAG) to 532 nm (KTP laser), with a resulting change
in tissue absorbance of the laser beam.17
Our extensive clinical experience with RF and KTP
and Nd:YAG lasers led us to conduct a comparative histological pilot study of the potential effects of RF and
KTP and Nd:YAG laser treatments on the inferior turbinate mucosa in an animal model.
The in vitro examinations of porcine and human ciliated cells by Stennert et al14 demonstrated that the respiratory mucosa in pigs and humans reacts similarly to the
same drugs, and the porcine respiratory mucosa can
therefore serve as an ideal tissue for the investigation of
different noxious substances. Studies have also been published on other animals (dogs, rabbits, and sheep) as concerns the histopathological effects of RF, lasers, diathermy
and ultrasound on the nasal turbinates.18-21
Scheithauer2 divides interventions involving the inferior turbinate into 3 groups: lateropositioning, resectioning, and coagulating procedures, this latter group
appearing to be the current trend.
In the present short- and medium-term follow-up
investigations, the macroscopic and histologic changes
were compared following RF or KTP or Nd:YAG laser
procedures in a porcine model.
In the human study by Sapçi et al,22 the macroscopic
and functional changes were compared 12 weeks

Perichondium

Intact
Widened perichondrium
with cartilage destruction
Intact

following RF or CO2 laser ablation of the turbinates and
partial turbinectomy. In several cases, a slight crust was
observed on the laser-ablated inferior turbinate, but not in
the RF-treated group. A slight, transitional swelling
appeared in the RF group on postoperative day 1 and 2.22
No synechia evolved in either the laser or the RF group, in
contrast with our findings on the Nd:YAG group, in which
synechia occurred in 1 case. The study by Sapçi et al22
demonstrated that RF ablation is effective in improving
nasal obstruction and in preserving an effective nasal
mucociliary function. Laser ablation is effective in improving the nasal passageway, but it significantly disturbs the
mucociliary transport. The results following partial turbinectomy were similar to those with the RF technique.22
Zborayová et al18 compared the histopathological
changes and the healing process in porcine turbinates
treated submucosally with a diode-laser fiber or RF in a
short-term study. They reported that the histopathological
changes were more severe 8 days following laser surgery,
including intensive tissue damage and less pronounced
regenerative and reparative changes. In RF specimens,
features of re-epithelialization were detected, and the necrotizing sialometaplasia was less marked.18 Interestingly,
our findings at the end of postoperative week 1 in each of
the RF, and KTP and Nd:YAG laser groups correlate with
the results of Zborayová et al.18
In a prospective, nonrandomized, case-control study,
Garzaro et al23 compared the histopathological and physiological changes 6 months following RF treatment of the
inferior turbinates and partial inferior turbinectomy
(PIT). Their examinations demonstrated minimal subepithelial fibrosis and focal squamous metaplasia, with no
difference in the superficial morphology within the RF
group. Following supraperiosteal resection of the mucosa,
diffuse squamous cell metaplasia including the loss of
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Figure 3A. (A) Scanning electron microscopy (SEM)
findings. (a) Laser effect (at the end of postoperative week 1):
ablation zone is surrounded by a coagulation zone (2000×).
(b) RF group (at the end of postoperative week 6): shallower
cells with a structurally normal surface (1000×) (dotted
surface). (c) KTP laser group (at the end of postoperative
week 6): loose attachments between cells (1000×); cilia
are intact (dotted surface). (d) Nd:YAG group (at the end
of postoperative week 6): polygonal, like squamous cells
(focal metaplasia) (1000×). (B) SEM findings at the end of
postoperative week 6. At a magnification of 6000× it is seen
that, despite the morphological changes, cilia are present in all
4 groups (dotted surface): (a) control, (b) KTP laser group, (c)
RF group, (d) Nd:YAG laser group.

Figure 2. (A) Microscopic changes at the end of
postoperative week 1: (a) Radiofrequency (RF) group (intact
epithelium and cartilage (hematoxylin and eosin [HE]). (b)
KTP laser group (arrow: broadened perichondrium, HE). (c)
Nd:YAG laser group (arrow: granulocyte infiltration, HE). (B)
Microscopic changes at the end of postoperative week 6. (a)
RF group (arrow: intact glands, periodic acid–Schiff [PAS]).
(b) KTP laser group (black arrow: necrotizing sialometaplasia,
red arrow: cartilage damage, PAS). (c) Nd:YAG laser group
(arrow: squamous metaplasia, HE).

epithelial cilia and intensive fibroblast invasion appeared.
This resulted in a slight improvement of the mucociliary
transport time within the RF group, but a significantly
longer duration in the PIT group.23 It was noteworthy that

at the end of postoperative week 6 we did not identify any
focal metaplasia within the RF group, whereas focal
metaplasia was seen in the Nd:YAG group, which may
also prolong the time of mucociliary transport.
Their SEM findings led Janda et al10 to distinguish 2
groups following the application of 5 different laser types
in in vitro turbinate ablation. Nd:YAG, diode and argon
ion lasers are characterized by high coagulation capabilities and severe destruction of the epithelium, while CO2
and Ho:YAG lasers display less coagulation capabilities
and more precise ablation and vaporization.10 Our
Nd:YAG findings correlate with the results in the study
by Janda et al.10
As a disadvantage of the use of the Nd:YAG laser,
Lippert and Werner24 report on crust formation with an
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increased risk of synechia formation. Synechia also
developed in 1 case in our Nd:YAG group. Scheithauer2
concluded that, since the recovery time is similar to that
in conventional surgical procedures, which may extend to
several months, the Nd:YAG laser procedure no longer
appears appropriate. One disadvantage of the KTP laser,
that was mentioned by Scheithauer, in accordance with
the findings of other authors, is the postoperative obstruction of the nose by mucosal edema and fibrin exudation
which lasts for weeks, a situation that we also
observed.2,25,26 Functional examinations have demonstrated that, with the loss of the natural structure of the
epithelium, the mucociliary transport time becomes longer following laser treatment as compared with RF treatment of the turbinates.22

Conclusion
Our SEM findings showed the development of cilia at the
end of postoperative week 6 in all 3 groups, yet the shape
of the cells was changed. These changes most probably
do not impair the function of the cells. At the end of the
postoperative week 1, marked signs of damage were
observed in both laser groups, with potential crust or synechia formation; however, with an increase of control,
this can be prevented. The medium-term results at the end
of postoperative week 6 were similar histologically in all
3 groups, but the burden on the patient in the postoperative period was less after the RF procedure. This is most
likely to be due to the submucosal use of the electrode, as
no crust or synechia formation occurs, and hence the
patient less often experiences discomfort. RF devices are
easier to manipulate. Laser instruments are almost twice
as much expensive than RF instruments. For the application of laser equipment, several additional protective
accessories (eg, laser intubation tube, protecting surgical
mask and eyeglasses, smoke aspirator, etc) are needed.
For this reason, the costs of the laser intervention are
more expensive than that of the RF procedure.
Acknowledgments
We would like to acknowledge the staff of the operating theatre,
surgery and anesthesiology team, and the staff of the animal
care facility of the Department of Surgical Research and
Techniques, Medical School at the University of Pécs, Hungary,
whose expertise has greatly facilitated this work.

Author Contributions
Study concept and design: Krisztina Somogyvári
Acquisition of data: Krisztina Somogyvári, Péter Móricz and
István Szanyi
Analysis and interpretation: Krisztina Somogyvári (macroscopic and SEM findings) and László Kereskai (microscopic
findings)

Study supervision: Ildikó Takács and Imre Gerlinger

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References
1. Tasman AJ. Die untere Nasenmuschel: Dysregulation
und chirurgische Verkleinerung. Laryngo-Rhino-Otol.
2002;81:822-833.
2. Scheithauer MO. Surgery of the turbinates and “empty
nose” syndrome. GMS Curr Top Otorhinolaryngol Head
Neck Surg. 2010;9:1-28.
3. Jones AS, Lancer JM. Does submucosal diathermy to the
inferior turbinates reduce nasal resistance to airflow in the
long term? J Laryngol Otol. 1987;101:448-451.
4. Ozenberger JM. Cryosurgery in chronic rhinitis.
Laryngoscope. 1970;80:723-734.
5. Glover JL, Bendick PJ, Link WJ, Plunkett RJ. The plasma
scalpel: a new thermal knife. Laser Surg Med. 1982;2:
101-106.
6. Cavaliere M, Mottola G, Imma M. Comparison of the
effectiveness and safety of radiofrequency turbinoplasty
and traditional surgical technique in treatment of inferior turbinate hypertrophy. Otolaryngol Head Neck Surg.
2005;133:972-978.
7. Lenz H, Eichler J, Schäfer G, Salk J. Parameters for argon
laser surgery of the lower human turbinates: in vivo experiments. Acta Otolaryngol. 1977;83:360-365.
8. Gindros G, Kantas I, Balatsouras DG, Kandiloros D,
Manthos AK, Kaidoglou A. Mucosal changes in chronic
hypertrophic rhinitis after surgical turbinate reduction. Eur
Arch Otorhinolaryngol. 2009;266:1409-1416.
9. Salzano FA, Mora R, Dellepiane M, et al. Radiofrequency,
high-frequency, and electrocautery treatments vs partial
inferior turbinotomy (microscopic and macroscopic effects
on nasal mucosa). Arch Otolaryngol Head Neck Surg.
2009;135:752-758.
10. Janda P, Sroka R, Betz CS, Baumgartner R, Leunig A.
Comparison of laser induced effects on hyperplastic inferior nasal turbinates by means of scanning electron microscopy. Lasers Surg Med. 2002;30:31-39.
11. Fischer Y, Gosepath J, Amedee RG, Mann WJ.
Radiofrequency volumetric tissue reduction (RFVTR)
of inferior turbinates: a new method in the treatment of
chronic nasal obstruction. Am J Rhinol. 2000;14:355-360.
12. Wang HK, Tsai YH, Wu YY, Wang PC. Endoscopic
potassium-titanyl-phosphate laser treatment for reduction
of hypertrophic inferior nasal turbinate. Photomed Laser
Surg. 2004;22:173-176.
13. Werner JA, Rudert H. Der Einsatz des Nd:YAG-Lasers in
der Hals-Nasen-Ohrenheilkunde. HNO. 1992;40:248-258

Downloaded from sri.sagepub.com at TRENT UNIV on October 20, 2016

10

Surgical Innovation 

14. Stennert E, Siefer O, Zheng M, Walger M, Mickenhagen
A. In vitro culturing of porcine tracheal mucosa as an
ideal model for investigating the influence of drugs on
human respiratory mucosa. Eur Arch Otorhinolaryngol.
2008;265:1075-1081.
15. Ting Y, Bing Z. Update on surgical management of adult
inferior turbinate hypertophy. Curr Opin Otolaryngol Head
Neck Surg. 2015;23:29-33.
16. Hytönen ML, Bäck LJ, Malmivaara AV, Roine RP.
Radiofrequency thermal ablation for patients with nasal
symptoms: a systematic review of effectiveness and complications. Eur Arch Otorhinolaryngol. 2009;266:1257-1266.
17. Garrett CG, Ossoff RH, Reinisch L. Laser surgery: basic
principles and safety considerations. In: Flint PW, eds.
Cummings Otolaryngology Head & Neck Surgery. 5th ed.
St Louis, MO: Mosby Elsevier; 2010:25-37.
18. Zborayová K, Ryška A, Lansky M, Celakovský P,
Janusková V, Vokurka J. Histomorphologic study of
nasal turbinates after surgical treatment: a comparison of
laser surgery and radiofrequency-induced thermotherapy
effects in animals. Acta Oto-Laryngol. 2009;129:550-555.
19. Goldsher M, Joachims HZ, Golz A, et al. Nd:YAG laser
turbinate surgery animal experimental study: Preliminary
report. Laryngoscope. 1995;105(3 pt 1):319-321.
20. Kaplama ME, Kaygusuz I, Akpolat N, et al. Comparison of
the histologic changes in conchae induced by radiofrequency

21.

22.

23.

24.

25.

26.

thermal ablation and submucosal diathermy. Eur Arch
Otorhinolaryngol. 2013;270:2901-2907.
Nousia Ch, Gouveris H, Giatromanolaki A, et al.
Ultrasound submucosal inferior nasal turbinate reduction
technique: histological study of wound healing in a sheep
model. Rhinology. 2010;48:169-173.
Sapçi T, Sahin B, Karavus A, Akbulut UG. Comparison
of the effects of radiofrequency tissue ablation, CO2 laser
ablation, and partial turbinectomy applications on nasal
mucociliary functions. Laryngoscope. 2003;113:514-519.
Garzaro M, Landolfo V, Pezzoli M, et al. Radiofrequency
volume turbinate reduction versus partial turbinectomy:
clinical and histological features. Am J Rhinol Allergy.
2012;26:321-325.
Lippert BM, Werner JA. Comparison of carbon dioxide
and neodymium:yttrium-aluminium-garnet lasers in surgery of the inferior turbinate. Ann Otol Rhinol Laryngol.
1997;106:1036-1042.
Kunachak S, Kulapaditharom B, Prakunhungsit S.
Minimally invasive KTP laser treatment of perennial
allergic rhinitis: a preliminary report. J Otolaryngol.
2000;29:139-143.
Orabi AA, Sen A, Timms MS, Morar P. Patient satisfaction survey of outpatient-based topical local anesthetic
KTP laser inferior turbinectomy: a prospective study. Am
J Rhinol. 2007;21:198-202.

Downloaded from sri.sagepub.com at TRENT UNIV on October 20, 2016

