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Objectives/Hypothesis: To study differences in
inferior nasal turbinate (INT) mucosal and submuco-
sal wound-healing histology after radiofrequency tis-
sue ablation (RTA) and monopolar electrocautery
(MEC).

Study Design: Randomized controlled trial.
Methods: Experimental study in sheep. Using

hematoxylin- and eosin-stained sections, stromal fi-
brosis, submucosal interstitial space volume (ISV),
mucosal epithelial cell necrosis, submucosal inflam-
mation, and vascularization in inferior turbinate sam-
ples were compared after RTA and MEC. Twelve tur-
binate samples were studied for each technique after
1, 3, and 8 weeks postoperatively (four samples at
each time point) and there were five samples of con-
trols. A 4-point semiquantitative histologic grading
scale (0 ¼ absence, 1 ¼ mild, 2 ¼ medium, 3 ¼ pro-
nounced) was used to assess changes. Comparisons
were performed using the Mann-Whitney test and the
Kruskal-Wallis one-way analysis of variance
(ANOVA).

Results: At postoperative week 8, the RTA
group had more extensive fibrosis (P ¼ .061) and ISV
reduction (P ¼ .127), less epithelial cell necrosis (P ¼
.131), and significantly less submucosal inflammation
(P ¼ .036) and vascularization (P ¼ .011) compared

with the MEC group. Epithelial cell necrosis and sub-
mucosal inflammation at week 8 did not differ signifi-
cantly between RTA and control group (P ¼ 1.000
and P ¼ .356, respectively). A significant decrease in
submucosal layer vascularization in RTA-treated
INTs has been observed (P ¼ .003 compared with
controls).

Conclusions: RTA is more effective (although
not significantly) and less invasive than MEC for INT
volume reduction. Tissue damage and wound healing
were dominated by inflammation and associated epi-
thelial cell necrosis in MEC and by a disturbance in
the INT submucosal microcirculation in RTA in the
studied sheep model.
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INTRODUCTION
Optimal surgical technique for inferior nasal turbi-

nate (INT) reduction should strike a balance among
effective turbinate volume reduction, preservation of
nasal function, and avoidance of complications.1 Our aim
was to compare both epithelial and submucosal tissue
changes occurring after application of two different INT
surgical submucosal reduction techniques, namely
monopolar electrocautery (MEC) and radiofrequency tis-
sue ablation (RTA).

RTA of the hyperplastic INT has been studied
extensively and has demonstrated its efficacy in patients
suffering from INT hypertrophy.2–5 However, there are
only few reports describing the temporal course of the
early phases of wound healing at the histology level af-
ter surgical reduction of the INT tissue using RTA and
MEC, and fewer reports studying the wound-healing
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phases at the histologic level in animals.6,7 Due to the
increased use of RTA and MEC in daily practice, more
data about their mechanisms of action are mandatory.

In this study, the sheep was used as an animal
model to ensure adequate controlled monitoring of the
temporal course of the INT wound-healing process.
Sheep animal models have already been extensively
used for research in rhinology.8,9 The anatomical similar-
ity between sheep and human INT justifies the use of
this animal model for investigation of complex phenom-
ena, such as wound healing.

The aims of the study were to explore histologically
the early repair phases in sheep nasal mucosa after RTA
and MEC and to test suitability of the sheep as an ani-
mal model to test wound healing after surgical
manipulation of the INT. Results of this study are
expected to increase our knowledge of the fine wound
healing process of the INT mucosa as well as of the
mechanism of action of RTA and MEC.

MATERIALS AND METHODS

Experimental Design
The experimental protocol was approved by the Animal

Care and Use Committee of the local Veterinary Service because
it was in compliance with Directive 86/609/EEC. Seventeen clin-
ically healthy female sheep weighing 25 kg to 35 kg were used
for the purpose of the study. The animals were randomly
assigned to three groups. Under general anesthesia, they were
subjected to bilateral radiofrequency submucosal tissue reduc-
tion of the INT (group RTA, n ¼ 6), bilateral monopolar
electrocautery of the INT (group MEC, n ¼ 6), or sham opera-
tion (group Sham, n ¼ 5). The 12 INTs of the RTA and MEC
groups were further subdivided into three subgroups (four tur-
binates in each subgroup) representing the postoperative
conditions at week 1, week 3, and week 8 for both RTA and
MEC. The use of a nonlongitudinal design was justified by the
fact that previous surgical manipulation for biopsy purposes
may profoundly modify mucosal histology and hence make diffi-
cult to diagnose the affected RTA- and MED-associated tissue
damage.

Anesthesia—Postoperative Care
After overnight fasting, the animals were endotracheally

intubated and anesthetized with xylazine, 0.2 mg/kg, intramus-
cular (i.m.); atropine, 0.04 mg/kg, i.m.; and ketamine, 10 mg/kg,
i.m. Anesthesia was maintained using sevoflurane 2% in oxy-
gen. Postoperatively, the animals received 3 mL of long-acting
i.m. oxytetracycline.

Radiofrequency Tissue Ablation
In all animals, bipolar radiofrequency-induced thermother-

apy was performed with the Celon generator (Celon AG Medical
Instruments, Teltow, Germany) using the 15-watt (W) power
setting per application/puncture. The energy per puncture with
this generator is 50 joules to 70 joules (J) and it operates with a
frequency of 470 Hz. The Celon probe needle has a diameter of
1.3 mm. The Celon unit has a bipolar tip safety that ensures
that only tissue in the immediate vicinity of the probe tip is
exposed to the radiofrequency current. Further safety is pro-
vided by acoustic feedback and an auto-stop power control. All
procedures were performed under general anesthesia. The bipo-
lar applicator was inserted once into the head of the INT and

advanced dorsally, medially, and parallel to the bone up to the
most dorsal part of the INT, without exiting the INT. By this
approach, a continuous submucosal thermal lesion along the
entire length of the body of the INT could be created via a sin-
gle coagulation. Care was taken during the procedures to
prevent contact of the probe with the underlying bone and
therefore prevent osteitis.

Submucosal Monopolar Electrocautery
Cauterization was performed by applying a high-frequency

coagulation current via a round-point monopolar electrode at
constant power. The electrode was introduced at the head of the
INT and was advanced at the medial aspect of the INT submu-
cosally toward the dorsal end of the turbinate. A single
coagulation tunnel was created during each application, begin-
ning at the dorsal end of the INT and proceeding in a caudal to
ventral direction. The application lasted 15 seconds. During the
procedures, care was taken to prevent contact of the probe with
the underlying bone and therefore prevent osteitis.

Morphological Studies
The entire INT was excised using cold instruments under

general anesthesia, and tissue samples were prepared for histo-
logical examination. Care was taken not to disrupt the delicate
mucosal epithelial surface, ensuring the integrity of the samples
at the time of retrieval and preparation. The bone of the sam-
ples was separated by sharp dissection. The samples were
dehydrated with increasing concentrations of ethanol and em-
bedded in paraffin blocks. Serial 3-lm-thick tissue sections
were cut at a plane perpendicular to the mucosal surface. Rep-
resentative sections from the anteromedial aspect of each
turbinate were stained with hematoxylin-eosin (HE). The sam-
ples were coded at random and analyzed blindly under light
microscopy by two senior pathologists (AG and ES). A qualita-
tive assessment of the sections was performed to indicate the
epithelium status, the presence and the intensity of inflamma-
tion and fibrosis, and the presence or otherwise population of
blood vessels. Histological grading of the changes was per-
formed semiquantitatively using a 4-point scale (0 ¼ absence, 1
¼ mild, 2 ¼ medium, 3 ¼ pronounced) as previously described
for wound-healing studies.10

Statistical Analysis
Statistical analysis of the data was performed using the

Statistical Product and Service Solutions (SPSS), version 13.0
(SPSS, Inc., Chicago, IL). All continuous variables were
expressed as median and range; the mean 6 standard deviation
(SD) of these variables was also given. Because the distribution
of these variables did not appear to be normal, a Shapiro-Wilk
test for normality was performed, and data were analyzed using
the Mann-Whitney U test and the Kruskal-Wallis one-way anal-
ysis of variance (ANOVA) to assess differences of these
characteristics between two or more groups of animals, respec-
tively. Post-hoc analysis was performed using the Mann-
Whitney U test; because of the small sample sizes, a Bonferroni
adjustment was not performed. All tests were two-tailed and
statistical significance was considered for P values <.05.

RESULTS
During the healing process, the general features

were the following: the normal loose connective tissue
was replaced by extensive fibrosis and subepithelial foci
of inflammatory cells. Additionally, a marked decrease in
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large venous sinusoids was observed, with appearance of
numerous capillaries throughout the submucosal stroma.
Partial and/or complete epithelial denudation was found
in large regions of the mucosa, especially in MEC-
treated INTs, alongside normal-appearing, pseudo-strati-
fied, ciliated columnar respiratory epithelium in 1-week
samples. Occasionally, the respiratory mucosa was partly
or completely replaced by a metaplastic squamous epi-
thelium. Notably, in all postoperative cases, a well-
defined basement membrane was present across the
RTA-treated areas. Nonetheless, there were MEC-
treated INT cases in which the continuity of the base-
ment membrane was focally disrupted.

The grading of the histologic findings in the control
group is presented in Table I. The histological grading in
the treatment groups and the respective P values result-
ing after comparison of the semiquantitative morphologic
findings between different time periods within the same
treatment group, between specimens of the two treatment

groups, and between samples of INTs of treated animals
and those of controls are depicted in Tables II through VI.

Histological findings in a representative specimen
of the control group and at postoperative week 1 and
postoperative week 8 in both the RTA and MEC groups
are displayed in Figure 1, 2, 3, 4, and 5, respectively.

Fibrosis
Both RTA and MEC techniques induce from week 1

a pronounced fibrosis of the mucosal stroma. Differences

TABLE I.
Overview of Grades of Morphological Features in Animals

of the Control Group.

Control Group Fibrosis ISV Necrosis Inflammation
Blood
Vessels

Median value
(width)

0 1.0 0 0 (0–2) 2.50 (2–3)

Mean value 6 SD 0 1.0 0 0.60 (0.84) 2.50 (0.53)

Histological grading of the changes was performed semiquantita-
tively using a 4-point scale (0 ¼ absence, 1 ¼ mild, 2 ¼ medium, 3 ¼
pronounced).

ISV ¼ interstitial space volume; SD ¼ standard deviation.
For Tables II–IV, the values depicted for comparisons between differ-

ent techniques or different weeks after application of the same technique
are P values. All other values refer to histological grading.

TABLE II.
Fibrosis Grading in the Treatment Groups.

Time Point MEC RTA MEC vs. RTA

Week 1 0.752

Median value (width) 1.5 (1–2) 1.5 (1–3)

Mean value 6 SD 1.50 (0.58) 1.75 (0.96)

Week 3 0.405

Median value (width) 3 (2–3) 2.5 (1–3)

Mean value 6 SD 2.75 (0.50) 2.25 (0.96)

Week 8 0.061

Median value (width) 1.5 (1–2) 2.5 (2–3)

Mean value 6 SD 1.50 (0.58) 2.50 (0.58)

Week 1 vs. week 3 0.032* 0.445

Week 1 vs. week 8 1.000 0.222

Week 3 vs. week 8 0.032* 0.752

Week 1 vs. control <0.001† <0.001†

Week 3 vs. control <0.001† <0.001†

Week 8 vs. control <0.001† <0.001†

Histological grading of the changes was performed semiquantita-
tively using a 4-point scale (0 ¼ absence, 1 ¼ mild, 2 ¼ medium, 3 ¼
pronounced).

*Significant difference at the P < .05 level.
†Significant difference at the P < .01 level.
MEC ¼ monopolar electrocautery; RTA ¼ radiofrequency tissue abla-

tion. SD ¼ standard deviation.

Fig. 1. Representative histologic specimen of inferior nasal turbi-
nate (INT) mucosa from the control group (hematoxylin-eosin
stain, �200 magnification).

Fig. 2. Representative histologic specimen at the first postopera-
tive week after radiofrequency tissue ablation (RTA), showing pro-
nounced inflammatory reaction (hematoxylin-eosin stain, �200
magnification).
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in the degree of fibrosis are presented in Table II. The
most prominent histological change at all was diffuse fi-
brosis of the lamina propria extending from the basal
membrane superficially to the deeper parts of this layer.
The degree of fibrosis was higher in the superficial sube-
pithelial layers than in the deeper subepithelial layers.

Reduction of Interstitial Space Volume
The time course and differences in the degree of

reduction of interstitial space volume (ISV) throughout
the entire study period for both treatment groups are
presented in Table III.

Epithelial Necrosis
During the early postoperative period (week 1), a

quite significant degree of necrosis of the mucosal epi-
thelial cells with resultant partial epithelial denudation
of the mucosa was observed in both the RTA- and MEC-
treated groups (Table IV). The basement membrane was
kept intact in RTA-treated specimens, but not in some
MEC-treated specimens. The differences in the degree
of necrosis for both treatment groups are presented in
Table IV.

Inflammation
The differences in the degree of infiltration of the

INT mucosa with inflammatory cells for both treatment
groups are presented in Table V.

Fig. 3. Representative histologic specimen at the eighth postoper-
ative week after submucosal radiofrequency tissue ablation (RTA),
showing persisting subepithelial fibrosis (hematoxylin-eosin stain,
�200 magnification).

Fig. 4. Representative histologic specimen at the first postopera-
tive week after monopolar electrocautery (MEC), showing the very
intense inflammation and disruption of epithelial cell lining integrity
(hematoxylin-eosin stain, �200 magnification).

Fig. 5. Representative histologic specimen at the eighth postoper-
ative week after monopolar electrocautery (MEC), showing the
persisting very intense inflammation and persisting disruption
of epithelial cell lining integrity (hematoxylin-eosin stain, �200
magnification).
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Engorgement of Submucosal Venous
Sinusoids (Vascularization)

The reduction of engorgement of the venous sinu-
soids in the submucosal layer of the nasal INT for both
treatment groups is presented in Table VI.

DISCUSSION
This study demonstrated both the suitability of a

sheep model for exploring INT mucosal wound healing
and the high integration of remodeling processes
involved during the repair process after nasal surgery.
The sheep model described in this study can provide the

TABLE III.
Interstitial Volume Changes in the Two Treatment Groups.

Time Point MEC RTA MEC vs. RTA

Week 1 0.877

Median value (width) 0.5 (0–2) 0.5 (0–3)

Mean value 6 SD 0.75 (0.96) 1.0 (1.41)

Week 3 0.617

Median value (width) 0.5 (0–2) 0 (0–2)

Mean value 6 SD 0.75 (0.96) 0.50 (1.00)

Week 8 0.127

Median value (width) 0.5 (0–1) 0

Mean value 6 SD 0.50 (0.58) 0

Week 1 vs. week 3 1.000 0.508

Week 1 vs. week 8 0.752 0.131

Week 3 vs. week 8 0.752 0.317

Week 1 vs. control 0.324 0.324

Week 3 vs. control 0.324 0.074

Week 8 vs. control 0.020* <0.001†

Histological grading of the changes was performed semiquantita-
tively using a 4-point scale (0 ¼ absence, 1 ¼ mild, 2 ¼ medium, 3 ¼
pronounced).

*Significant difference at the P < .05 level.
†Significant difference at the P < .01 level.
MEC ¼ monopolar electrocautery; RTA ¼ radiofrequency tissue abla-

tion. SD ¼ standard deviation.

TABLE IV.
Epithelial Cell Necrosis Grading in the Two Treatment Groups.

Time Point MEC RTA MEC vs. RTA

Week 1 0.877

Median value (width) 1.0 (0–2) 1.0 (0–3)

Mean value 6 SD 1.0 (0.82) 1.25 (1.26)

Week 3 0.127

Median value (width) 0 0.5 (0–1)

Mean value 6 SD 0 0.50 (0.58)

Week 8 0.131

Median value (width) 1.0 (0–3) 0

Mean value 6 SD 1.25 (1.50) 0

Week 1 vs. week 3 0.046* 0.343

Week 1 vs. week 8 0.881 0.046*

Week 3 vs. week 8 0.131 0.127

Week 1 vs. control 0.003† 0.003†

Week 3 vs. control 1.000 0.020*

Week 8 vs. control 0.020* 1.000

Histological grading of the changes was performed semiquantita-
tively using a 4-point scale (0 ¼ absence, 1 ¼ mild, 2 ¼ medium, 3 ¼
pronounced).

*Significant difference at the P < .05 level.
†Significant difference at the P < .01 level.
MEC ¼ monopolar electrocautery; RTA ¼ radiofrequency tissue abla-

tion. SD ¼ standard deviation.

TABLE V.
Grading of Inflammatory Changes in the Two Treatment Groups.

Time Point MEC RTA MEC vs. RTA

Week 1 1.000

Median value (width) 2.5 (1–3) 2.5 (1–3)

Mean value 6 SD 2.25 (0.96) 2.25 (0.96)

Week 3 0.874

Median value (width) 1.5 (1–3) 2.0 (1–2)

Mean value 6 SD 1.75 (0.96) 1.75 (0.50)

Week 8 0.036*

Median value (width) 2.5 (2–3) 1.0 (0–2)

Mean value 6 SD 2.50 (0.58) 1.00 (0.82)

Week 1 vs. week 3 0.445 0.350

Week 1 vs. week 8 0.752 0.099

Week 3 vs. week 8 0.222 0.155

Week 1 vs. control 0.017* 0.017*

Week 3 vs. control 0.052 0.034*

Week 8 vs. control 0.007† 0.356

Histological grading of the changes was performed semiquantita-
tively using a 4-point scale (0 ¼ absence, 1 ¼ mild, 2 ¼ medium, 3 ¼
pronounced).

*Significant difference at the P < .05 level.
†Significant difference at the P < .01 level.
MEC ¼ monopolar electrocautery; RTA ¼ radiofrequency tissue abla-

tion. SD ¼ standard deviation.

TABLE VI.
Degree of Vascularization/Blood Vessel Engorgement in the

Two Treatment Groups.

Time Point MEC RTA MEC vs. RTA

Week 1 0.752

Median value (width) 2.5 (1–3) 2.5 (2–3)

Mean value 6 SD 2.25 (0.96) 2.50 (0.58)

Week 3 0.155

Median value (width) 2.0 (1–3) 1.0 (1–2)

Mean value 6 SD 2.00 (0.82) 1.25 (0.50)

Week 8 0.011*

Median value (width) 3.0 (2–3) 1.0

Mean value 6 SD 2.75 (0.50) 1.0

Week 1 vs. week 3 0.647 0.032*

Week 1 vs. week 8 0.405 0.013*

Week 3 vs. week 8 0.155 0.317

Week 1 vs. control 0.693 1.000

Week 3 vs. control 0.236 0.008†

Week 8 vs. control 0.411 0.003†

Histological grading of the changes was performed semiquantita-
tively using a 4-point scale (0 ¼ absence, 1 ¼ mild, 2 ¼ medium, 3 ¼
pronounced).

*Significant difference at the P < .05 level.
†Significant difference at the P < .01 level.
MEC ¼ monopolar electrocautery; RTA ¼ radiofrequency tissue abla-

tion. SD ¼ standard deviation.
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researcher adequate morphologic information on INT
mucosal wound healing and can be proposed as alterna-
tive to the human models, which are usually limited by
ethical reasons. Moreover, the need for a high amount of
tissue samples for this type of study can be adequately
addressed in this model. For example, in the study by
Berger et al.,5 only a 1.5- to 2.0-cm full-thickness muco-
sal piece was harvested from the antero-medial aspect of
the INT. As a result, the respective specimens were less
representative than the ones gained after processing of
the mucosa of the entire INT, as is the case in the sheep
model. In humans, to avoid empty nose syndrome, the
resection must be limited and cannot reach the support-
ing bony structures. Finally, in testing phases of new
nasal instrumentation, this model can serve as basis
before further studies in humans. However, these argu-
ments cannot avoid a final correlation with human
findings, and a translation of sheep findings to human
conditions should be done with caution.

Although the number of samples was limited and
the design was not purely longitudinal, this study
revealed an interesting interaction among the different
postoperative remodeling parameters. Wound healing
involves a continuous sequence of signals and responses
in which platelets, fibroblasts, neutrophils, macro-
phages, and epithelial and endothelial cells come
together outside their usual domains to orchestrate the
tissue repair.11,12 This study revealed a relative stabil-
ity of tissue-remodeling parameters, such as fibrosis or
edema, during the first 8 weeks after injury, whereas
the inflammatory reaction diminishes progressively dur-
ing the same period in RTA-treated turbinates.
Interestingly, fibrosis and edema seem to present quite
different and in a sense inverse evolution profiles, with
relatively high fibrosis scores when edema is extremely
limited. This study provided a possible explanation:
The reduction in the degree of stromal edema may be
explained by the reduction in local blood flow to the
turbinate due to the interstitial and perivascular fibro-
sis, with resultant decrease of engorgement of the
blood vessels. This observation was similar to the
human nasal repair process demonstrated after sinus
surgery.13

Finally, this study has shown that a postoperative
morphologic hallmark of RTA surgery was the relatively
high degree of preservation of the intact pseudo-strati-
fied, ciliated, columnar respiratory epithelium and the
relative paucity of areas of partial epithelial shedding
manifested by a basement membrane covered with a sin-
gle layer of basal cells and devoid of ciliated, non-
ciliated, and goblet cells. In this study, we have shown
that the pronounced development of fibrosis together
with the reduction of stromal edema and reduction of
engorgement of the blood vessels in the submucosal
layer were the key processes deployed by RTA leading to
turbinate volume reduction.

The advantage of performing the surgery using
RTA is that a lower temperature is required to ablate
the tissue than is the case with electrocautery. With
RTA, the temperature of the target tissue is localized
and ranges from 60�C to 90�C, which limits heat dissipa-

tion and damage to adjacent tissues. Cell death occurs
when temperatures reach 49.5�C. Temperatures induced
by MEC are significantly higher (750�C–900�C) than
that required for cell death and result in significant heat
propagation. Because of the lower temperature of RTA,
it is considered to be more accurate and minimally inva-
sive, and to injure less collateral tissue.

Based on the results presented in the present study,
RTA of the INT provides an effective technique for the
treatment of INT enlargement that is less invasive than
the MEC technique in a clinical setting.

CONCLUSION
Both submucosal RTA and submucosal MEC cause

sustained pronounced fibrosis and a reduction in edema
of the mucosal stroma, with resultant significant tissue
volume reduction. At postoperative week 8, subepithelial
inflammation and necrosis of the mucosal epithelial
cells, although minimal after RTA, are still pronounced
after MEC. On the contrary, at week 8 the reduced vas-
cularization still persists after RTA, whereas
vascularization is not significantly impaired after MEC.
Tissue damage and wound healing are therefore domi-
nated by inflammation and associated epithelial cell
necrosis in MEC and by a disturbance in the INT sub-
mucosal microcirculation in RTA. Based on these
results, RTA appears to be a less-invasive treatment
than MEC for INT enlargement in a clinical setting.
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