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Immunohistochemical studies of wound healing after 
monopolar electrocautery and ultrasound submucosal 
inferior nasal turbinate reduction in sheep*

Summary
Background: Extracellular matrix (ECM) proteins such as !bronectin and collagen III, enzymes such as matrix metalloprotei-
nases and macrophages have been demonstrated to intervene in nasal and paranasal sinuses wound healing.  

Aim of the study: To compare concentration of ECM proteins, enzymes and the recruitment of macrophages during wound 
repair after monopolar electrocautery in contrast with ultrasound submucosal surgical tissue reduction of inferior nasal turbi-
nate (INT) tested in sheep.

Materials and Methods: Prospective controlled study in sheep. Immunostaining for collagen III, !bronectin, CD68 and ma-
trix metalloproteinase-9 (MMP9) was applied in tissue specimens of INT mucosa after monopolar electrocoagulation (MEC) 
and ultrasound tissue reduction (UTR). Twelve INTs were studied 1, 3 and 8 weeks post-operatively in each interventional 
group (MEC and UTR) and 5 INTs were studied in animals of the control group (without surgery). The immunoreactivity was 
quantitatively graded between 0% to 100% immunoreactivity by a blinded senior pathologist. 

Results: At the end of the study period collagen III, !bronectin and MMP9 were increased in both groups compared to the le-
vels of the control group. When compared to control group, CD68 immunoreactivity was found higher in MEC group but not 
in UTR group. Fibronectin subepithelial immunoreactivity exhibited a substantial negative correlation with mucosal epithelial 
cell necrosis, a substantial positive correlation with !brosis in MEC-treated specimens and a signi!cant positive correlation 
with sinusoid engorgement in UTR-treated specimens. Collagen III tissue immunoreactivity showed a particularly signi!cant 
negative correlation with sinusoid engorgement in MEC-treated specimens.

Conclusion: Correlation of !bronectin and collagen III immunoreactivity to histopathologic !ndings suggests di"erent ECM 
repair processes between MEC and UTR turbinate tissue reduction. The use of CD68 and MMP9 provides additional clues 
to the mode of actions of these techniques and to the molecular and cellular events of the nasal mucosa wound healing 
process.
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Introduction
Monopolar electrocoagulation (MEC) and ultrasound tissue 
reduction (UTR) of the inferior turbinates are used in clinical rhi-
nological practice as a treatment modality for inferior nasal tur-
binate (INT) enlargement. Nonetheless, reports describing the 
chronological course of the early phases of wound healing at 
the molecular level after surgical reduction of the inferior turbi-
nate tissue using UTR and MEC in either humans or experimen-
tal animals are missing. Additionally, ultrasound tissue reduction 
is not widely used in clinical practice for INT volume reduction. 
The most commonly used methods are electrocautery, radio-
frequency tissue volume reduction, laser surgery, conventional 
surgery (submucosal resection), or use of a microdebrider (1).

In the present study, the sheep was used as an animal model 
to ensure adequate controlled monitoring of the chronologi-
cal course of the INT wound healing process and to facilitate 
comparative histopathological studies. Sheep have already been 
used to monitor wound healing after surgical manipulation of 
the inferior nasal turbinate at a histopathology level (2,3)  and 
an immunohistochemistry level (4). The histological similari-
ties between the INT of sheep and human have been another 
important reason justifying the use of this animal model for the 
investigation of wound healing after INT surgery. Macroscopical-
ly, the sheep has an inferior turbinate in the shape of a step and 
a middle one (being much larger than the inferior one), which is 
typical for ruminants with a rather T-shaped form. However, the 
histological appearance is quite similar to that of humans.
Given that the extracellular matrix plays a central role in the 
di"erent phases of the wound healing process, we decided 
to focus on ECM-associated proteins (namely collagen III and 
!bronectin) and enzymes (matrix metalloproteinase 9, MMP-
9) more speci!cally during the early phases of wound healing 
in the nasal mucosa. These factors are mainly a"ecting ECM 
formation and maturation. Furthermore, they are also important 
for sustaining the epithelial repair and the background in#am-
matory reaction (5). In human wound repair after sinus surgery, 
macrophages have been shown to play a signi!cant role (6), 
justifying the use of CD68 marker in this study. 

This prospective controlled study aimed to explore the early 
phases of tissue repair in sheep INT mucosa after UTR and MEC 
at the molecular level, using tissue immunostaining for in#am-
matory cells (macrophages), extracellular matrix (ECM) proteins 
(!bronectin, collagen III), and ECM-degrading enzymes (MMP-9).  
Particular attention was paid to the ECM remodelling process 
and its correlations with the local expression of these biomar-
kers. These biomarkers were already shown to be of particular 
importance during wound healing after sinus surgery in human 
remodelling processes (6,7). Nevertheless, as far as we know, 
there are no studies in the rhinological literature investigating 

systematically the presence and changes in concentration of 
these substances during the early wound healing phases after 
MEC and / or UTR.    

Material and Methods
Experimental design
The experimental protocol was approved by the Animal Care 
and Use Committee of the local Veterinary Service since it was in 
compliance with Directive 86/609/EEC. Seventeen clinically heal-
thy female sheep weighing 25-35 kg, were used for the purpose 
of the study. The sheep were assigned randomly to 3 groups. 
Under general anaesthesia and under endoscopic visualization 
(using a 0˚ degree rigid nasal endoscope), bilateral submucosal 
UTR of the inferior nasal turbinates (group UTR, n = 6 animals, 
12 INTs), bilateral monopolar electrocautery (MEC) of the INT 
(group MEC, n = 6 animals, 12 INTs) or sham operation (group 
Sham, n = 5 INTs) were performed. The inferior turbinates of the 
UTR- and MEC-groups were further subdivided according to 
the time intervals. As a result, 3 subgroups (4 turbinates in each 
group) were formed within each one of groups UTR and MEC 
that corresponded to the postoperative conditions at weeks 1, 3 
and 8, respectively. A non-longitudinal design was used because 
repetitive (or multiple) surgical manipulation of the INT mucosa 
for biopsy purpose would expectedly have a profound impact 
on the mucosal histology and hence would quite possibly con-
found the tissue changes speci!cally induced by UTR and MEC. 

Anaesthesia – post-operative care
After overnight fasting, the sheep were anaesthezised with xyla-
zine (0.2 mg/kg, i.m.), atropine (0.04 mg/kg, i.m.) and ketamine 
(10 mg/kg, i.m.) and were endotracheally intubated. Sevo#urane 
2% in oxygen was used to maintain anaesthesia. Post-operati-
vely, animals were administered 3 ml of long-acting intramuscu-
lar terramycin and were monitored. If decreased food intake was 
observed, then analgesia was administered. The postoperative 
period was uneventful in all animals. No animal was sacri!ced.

Submucosal monopolar electrocautery
Submucosal monopolar electrocautery was performed by 
applying a high-frequency coagulation current via a round-
point monopolar electrode at constant power (set at 45 Watt). 
The electrode was introduced at the head of the INT and was 
advanced towards the dorsal end of the turbinate, creating a 
submucosal tunnel at the medial aspect of the INT. A single 
coagulation was performed during the outward movement of 
the electrode (from the end to the head of the INT), lasting 15 
seconds during each application. During cautery, every care was 
taken to prevent contact of the probe with the underlying bone 
and therefore prevent development of osteitis of the INT bony 
segment. 
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Ultrasound tissue reduction 
A Crystal Surgical Ultrasound system (Model Lora Don, Dia-
mant Medical Equipment Ltd, Thessaloniki, Greece), consisting 
of a main unit and a transducer hand piece probe, was used. 
The main unit is a low-frequency ultrasound generator (44 + 
4.4 KHz), which is connected to an acoustical transducer and 
controlled by a footswitch. The electrical ultrasound frequency 
oscillations produced by the generator are transformed to me-
chanical oscillations by a positive magnetostriction transducer 
and transferred to a concentrator, i.e. a wave-guide operating 
tool. The acoustical transducer includes crystal magnetic ferrite, 
which, based on the principal of the piezo-electric phenome-
non, transforms the low-frequency ultrasound into mechanical 
oscillations, which are transferred to the wave guide tools. The 
ultrasound system operates on a three amplitude scale, corres-
ponding to wavelength amplitudes of 20, 30 or 40 μm. For the 
present study only the 30 μm - amplitude setting was used. The 
probe was inserted submucosally in the caudal part of the head 
of the inferior nasal turbinate and was kept activated during 
the entire period that it remained within the inferior nasal 
turbinate. The probe was introduced into and removed from 
the caudal purely submucosal (non-osseous) part of the inferior 
nasal turbinate with a continuous, straight longitudinal sliding 
motion beginning at the head, reaching the very end of the tail 
and !nally being again extracted at the point of introduction 
at the head of the turbinate, in a direction parallel to the #oor 
of the nasal cavity. The total time needed for each application 
ranged between 15 and 20 sec (depending on the length of the 
turbinate). The time needed for the ventro-dorsal motion equal-
led the time needed for the reverse (dorso-ventral) motion. At 
the end of the procedure, it was necessary to keep the probe at 
the insertion site for 2-3 seconds so as to ensure haemostasis. 
The horizontal, rapid motion of the probe allowed immediate 
coagulation of the surrounding tissue at its tip. 

Morphological studies
The entire inferior turbinate was excised using cold instruments 
(scissors) facilitated by nasal endoscopic visualization using 
a 0˚ rigid nasal endoscope under general anaesthesia. Tissue 
samples from the inferior nasal turbinates were prepared for his-
tological 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 samples 
was separated by sharp dissection. The samples were dehydra-
ted with increasing concentrations of ethanol and embedded 
in para%n blocks. Serial 3-μm-thick tissue sections were cut in a 
direction vertical to the mucosal surface. 

Immunohistochemical Study 
Initially the 3 μm-cut sections were dewaxed and rehydrated in 
graded alcohol solutions. For heat-induced epitope retrieval, the 

sections were placed in citrate bu"er (1:10 dilution, pH 7.2) and 
heated at 120oC for 3 x 5 min. Endogenous peroxidase activity 
was neutralized applying Peroxidase Block (Novocastra Labo-
ratories Ltd, Newcastle upon Tyne, United Kingdom) for 5 min. 
The non-speci!c binding was blocked by pre-incubation with 
Protein Block (Novocastra Laboratories Ltd) for 5 min at room 
temperature. Slides were then incubated overnight at 4oC with 
collagen type III primary antibody (M-300, sc-28888, Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA.) diluted 1:50, matrix 
metalloproteinase-9 primary antibody (MMP9, clone 2C3, Mena-
rini Industrie Farmaceutiche Riunite Srl., Florence, Italy) diluted 
1:40 for 75 min, CD68 primary antibody (Menarini Industrie 
Farmaceutiche Riunite Srl) diluted 1:80 for 60 min and !bronec-
tin primary antibody (Menarini Industrie Farmaceutiche Riunite 
Srl) diluted 1:100 for 60 min. The slides were washed with PBS (2 
x 5 min) and then incubated with Post Primary Block (Novocas-
tra Laboratories Ltd) enhancing penetration of the subsequent 
polymer reagent, for 30 minutes at room temperature. Additi-
onally, they were washed with PBS for 2 x 5 min and incubated 
with NovoLinkTM polymer (Novocastra Laboratories Ltd) for 30 
min at room temperature. NovoLinkTM is known to recognize 
mouse and rabbit immunoglobulins and detect any tissue-
bound primary antibody. After extensive washing with PBS (2 
x 5 min), the colour reaction was developed in DAB (3,3’-diami-
nobenzidine) for 5 min. The sections were then counterstained 
with hematoxylin/eosin, dehydrated and mounted.
All aforementioned antibodies were antibodies against human 
tissue antigens. For every antibody, we used positive control of 
human tissues. As a result we could assess the positive or nega-
tive staining results. 
Immunohistological grading of the CD68 staining was perfor-
med quantitatively by a blinded senior pathologist determining 
the percentage of the positive cells among the in#ammatory 
cells throughout the section. Similarly, the evaluation of !bron-
ectin-, collagen III- and MMP-9-immunoreactivity was deter-
mined by the relative percentage of immunopositivity inside 
the subepithelial compartment. Previously, the pathologist 
had examined three slices to establish the staining range and 
calibrate the respective 100-point scale response. 

Controls 
Normal rabbit immunoglobulin-G substituted the primary anti-
body as negative control. Furthermore, staining with omission 
of the primary antibody was also performed as negative control.

Histopathology
Using hematoxylin/eosin-stained sections, stromal !brosis, 
submucosal interstitial space volume (ISV), mucosal epithelial 
cell necrosis and / or shedding, submucosal in#ammation and 
sinusoid engorgement were assessed using a semi-quantitative 
four-point histopathological grading scale (0 = absence, 1 = 
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mild, 2 = medium, 3 = pronounced) (6). Histopathology re-
sults have been extensively described previously (2, 3). 

Statistical analysis
Statistical analysis was performed using the Statistical Pac-
kage for the Social Sciences (SPSS), version 13.0 (SPSS, Inc., 
Chicago, IL, USA). All continuous variables were expressed 
as median and range; the mean ± standard deviation (SD) 
of these variables was also given. As the distribution of 
these variables did not appear to be normal, a Shapiro-Wilk 
test for normality was performed and data were analysed 
using the Mann-Whitney U-test and the Kruskal-Wallis one-
way ANOVA, to assess di"erences of these characteristics 
between two or more groups of animals. Post hoc analysis 
was performed using Mann-Whitney U-test; due to the small 
sample sizes, Bonferroni’s adjustment was not performed. 
All tests were two-tailed and statistical signi!cance was 
considered for p values < 0.05. Spearman’s rho correlation 
coe%cients were calculated between histopathological and 
immunostaining staging.

Results
Expression of CD68, MMP-9, !bronectin and collagen III 
during the postoperative period
At week 1, collagen III and CD68 immunoreactivities were 
signi!cantly higher in both treatment groups when com-
pared to the control group. The grading of !bronectin 
immunopositivity was similar to the control group in both 
interventional groups at that time whereas only UTR-treated 
samples exhibited a stronger MMP-9 immunostaining than 
the controls.
At week 3, collagen III, !bronectin and CD68 immunoreac-
tivities were signi!cantly higher in both treatment groups 
compared to controls. At week 3, only UTR-treated samples 
exhibited again a stronger MMP-9 immunostaining than 
controls, whereas non-signi!cant di"erences were observed 
between MEC-treated samples and controls.
At the end of the study period (week 8 postoperatively) 
collagen III, !bronectin and MMP9 tissue immunoreactivity 
increased in both groups compared to controls. CD68 im-
munoreactivity was higher in MEC group than in controls 
while it showed no di"erence between controls and UTR 
group. 
No di"erence was observed between the two intervention 
groups in terms of  immunopositivity or localisation of col-
lagen III, !bronectin, MMP9 and CD68 at any of the tested 
postoperative weeks (1, 3 and 8) . 

Results are displayed in Tables 1, 2, 3 and 4 and examples are  
depicted in Figures 1 and 2.

Correlation with histopathological changes
The results of the correlation between the histopathological and 
immune staining grading showed that !bronectin immunore-
activity exhibited a substantial (r = - 0.733, p = 0.007) negative 
correlation with mucosal epithelial cell necrosis, a substantial 
positive correlation (r = 0.674, p = 0.016) with !brosis in MEC-tre-
ated specimens and a signi!cant (r = 0.837, p = 0.001) positive 
correlation with sinusoid engorgement in UTR-treated speci-

Figure 1. Collagen III immunoreactivity at a 3rd postoperative week 

specimen after MEC-treatment (200-fold magnification).

Figure 2. Fibronectin immunoreactivity at a 3rd postoperative week 

specimen after UTR-treatment (200-fold magnification).
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MEC UTR Control group
MEC 
vs. 

UTR

1st week
  Median (range)
   Μean ± SD

10 (0 – 20)
10 (8.16))

25 (0 – 60)
27.5 (25.0)

5 (0-40) 
8.5 (12.7)

0.240

3rd week
   Median (range)
   Μean ± SD 

35 (20 – 60)
37.5 (20.62)

35 (20 – 40)
32.5 (9.57)

0.766

8th week
  Median (range)
   Μean ± SD

25 (10 – 70)
32.5 (26.3)

30 (20 – 80)
40 (27.08)

0.457

1st vs 3rd  week 0.037 0.557

1st vs 8th week 0.102 0.457

3rd vs 8th week 0.767 0.881

1st week vs control 0.421 0.167

3rd week vs control 0.014 0.017

8th week vs control 0.031 0.018

MEC UTR Control group MEC 
vs. 

UTR

1st week
  Median (range)
   Μean ± SD

45 (20–70)
45 (23.8)

35 (20–80)
42.5 (26.3)

5 (0-20)
5.5 (6.43)

1.000

3rd week
   Median (range)
   Μean ± SD 

40 (5 – 90)
43.75 (35.9)

35 (10 – 60)
35 (20.82)

0.885

8th week
  Median (range)
  Μean ± SD

30 (10 – 50)
30 (16.33)

50 (30 – 50)
45 (10.0)

0.155

1st vs 3rd  week 0.885 0.770

1st vs 8th week 0.375 0.457

3rd vs 8th week 0.655 0.457

1st week vs control 0.005 0.005

3rd week vs control 0.025 0.009

8th week vs control 0.009 0.004

Table 1. Overview of the grades of the immunohistochemical changes in collagen III over time after application of submucosal MEC and UTR. Im-

munohistochemical grading of the changes in collagen III immunoreactivity was performed quantitatively using a 100-point scale (0%=absence, 

100%=pronounced). The respective p-values resulting from comparisons of the respective morphological changes between weeks within the same 

treatment group, between each treatment group and the control group, as well as between the two treatment groups are also depicted (SD = 

standard deviation). 

Table 2. Overview of the grades of the immunohistochemical changes in !bronectin over time after application of submucosal MEC and UTR. Im-

munohistochemical grading of the changes in !bronectin immunoreactivity was performed quantitatively using a 100-point scale (0%=absence, 

100%=pronounced). The respective p-values resulting from comparisons of the respective morphological changes between weeks within the same 

treatment group, between each treatment group and the control group, as well as between the two treatment groups are also depicted. 
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MEC UTR Control group
MEC 
vs. 

UTR

1st week
  Median (range)
   Μean ± SD

1 (1 – 3))
1,50 (1,0)

2,5 (0 – 10) 
3,75 (4,35)

0
0

0,457

3rd week
   Median (range)
   Μean ± SD 

0,50 (0 – 2)
0,75 (0,96)

1,5 (0 – 5)
2,00 (2,16)

0,369

8th week
  Median (range)
   Μean ± SD

0,50 (0 – 2)
0,75 (0,96)

0
0

0,131

1st vs 3rd  week 0,278 0,559

1st vs 8th week 0,278 0,047

3rd vs 8th week 1,000 0,047

1st week vs control <0,001 0,003

3rd week vs control 0,020 0,003

8th week vs control 0,020 1,000

MEC UTR Control group
MEC 
vs. 

UTR

1st week
  Median (range)
   Μean ± SD

40 (0 – 5)
1,25 (2,50)

2,5 (0 – 10)
3,75 (4,79)

0
0

0,405

3rd week
   Median (range)
   Μean ± SD 

0 (0 – 5)
1,25 (2,50)

5 (0 – 10)
5,00 (4,08)

0,155

8th week
  Median (range)
   Μean ± SD

3 (0 – 10)
4,00 (4,55)

2 (0 – 2)
1,5 (1,00)

0,655

1st vs 3rd  week 1,000 0,647

1st vs 8th week 0,215 0,762

3rd vs 8th week 0,215 0,178

1st week vs control 0,114 0,020

3rd week vs control 0,114 0,003

8th week vs control 0,003 0,003

Table 3. Overview of the grades of the immunohistochemical changes in CD68 over time after application of submucosal MEC and UTR. Immuno-

histochemical grading of the changes in CD68 immunoreactivity was performed quantitatively using a 100-point scale (0%=absence, 100%=pro-

nounced). The respective p-values resulting from comparisons of the respective morphological changes between weeks within the same treatment 

group, between each treatment group and the control group, as well as between the two treatment groups are also depicted.

Table 4. Overview of the grades of the immunohistochemical changes in MMP9 over time after application of submucosal MEC and UTR. Immuno-

histochemical grading of the changes in MMP9 immunoreactivity was performed quantitatively using a 100-point scale (0%=absence, 100%=pro-

nounced). The respective p-values resulting from comparisons of the respective morphological changes between weeks within the same treatment 

group, between each treatment group and the control group, as well as between the two treatment groups are also depicted.
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mens. Collagen III tissue immunoreactivity showed a remarkable 
(r = - 0.876, p < 0.001) negative correlation with sinusoid engor-
gement in MEC-treated specimens. However, MMP9 and CD68 
did not show any signi!cant correlation with histopathological 
!ndings in MEC- and UTR-treated specimens.

Discussion
In previously published manuscripts, the histopathology !n-
dings at the microsopic level after UTR-treatment of the inferior 
nasal turbinates in sheep compared to controls have been pre-
sented (2). Additionally, the comparison between the histopatho-
logical !ndings (again at the microscopic level) between MEC 
and radiofrequency tissue ablation (RTA) of the inferior nasal 
turbinate in another series of experiments in sheep have been 
reported (3). More recently, !ndings at the molecular level in 
inferior nasal turbinates involving immunochemistry staining for 
collagen III, !bronectin, CD68 and matrix metalloproteinase-9 
(MMP9) after application of RTA in sheep turbinates have been 
presented (4). In the present report, we present a comparison of 
the immunohistochemistry !ndings regarding staining patterns 
of collagen III, !bronectin, CD68 and matrix metalloproteinase-9 
(MMP9) between turbinates treated by MEC, turbinates treated 
by UTR and controls in sheep. 
As expected from the literature, !bronectin and collagen III fol-
low parallel changes in their respective expression patterns in 
both interventional groups (i.e. MEC- and UTR- treated turbi-
nates), compared to the control group, suggesting their major 
involvement in wound healing, especially in !brosis formation. 
 As oestrogens have an e"ect of nasal swelling and the men-
strual cycle may in#uence wound healing parameters there was 
concern that this fact may confound wound healing studies’ 
!ndings in female sheep. Nonetheless, other studies of wound 
healing in the nasal and paranasal cavities have also used the 
female sheep as an animal model and there is previous experi-
ence in using female sheep for studying inferior nasal turbinate 
wound healing successfully (8). In view of the aforementioned 
potentially confounding oestrogen e"ect, monitoring of the 
hormonal state in female sheep in future studies is recommen-
ded. 
In UTR-treated specimens, the normal loose connective tissue 
was replaced by extensive !brosis with scattered subepithelial 
islands of in#ammatory cells, and a marked decrease in large 
venous sinusoids was observed throughout the submucosal 
stroma. Although partial and/or complete epithelial denudation 
was found in large regions of the mucosa alongside normal–ap-
pearing, pseudo-strati!ed, ciliated columnar respiratory epithe-
lium in 1-week samples, this epithelial denudation was almost 
absent at week 8. A well–de!ned basement membrane was 
present across the treated areas in all UTR–specimens (2).
In MEC-treated INTs the partial and/or complete epithelial denu-
dation was found in larger regions of the mucosa than in UTR-

treated specimens. Additionally, there were MEC-treated INT 
specimens in which the continuity of the basement membrane 
was focally disrupted (3).
Nonetheless, as derived from the correlating statistical analysis, 
the present di"erences during the progression of !brosis are 
shown by their strong interdependence with other histomor-
phologic factors related to !brosis, such as mucosal epithelial 
cell necrosis and sinusoid engorgement.
Fibronectin (FN) is a major component of the extracellular 
matrix and can exist in two main forms: plasma and cellular 
FN. Cellular FN is able to induce !broblast di"erentiation(9). FN 
requires the help of cells to assemble into a functional !bril-
lar matrix, which then orchestrates the assembly of other ECM 
proteins and promotes adhesion, migration and signalling of 
many types of cells. Fibrillogenesis and cell migration is initiated 
and governed by cell surface integrins that bind to speci!c sites 
in the FN molecule (10). 
Besides its role in the maintenance of the epithelial and ECM 
integrity, FN also plays an important role in regulating the vas-
cular remodeling response (11). As demonstrated in the present 
study, FN could assume a major recruiting and remodelling role 
at both the ECM and vascular level during INT wound healing.
The organization and maintenance of type I and III collagen !bril 
network in the ECM depends on the presence of an organized, 
!brillar FN matrix (12). Some authors postulated that deposition 
of collagen III into matrix !brils is FN-dependent but can also oc-
cur through interactions with an ECM component other than FN 
(12). The requirement of matrix FN for collagen I and III deposition 
and maintenance suggest that FN !brils form a template for col-
lagen I and III deposition (12). Type III collagen (ColIII), expressed 
in early granulation tissue, has been suggested to play a promi-
nent role in cutaneous wound repair. Type III collagen de!ciency 
(ColIII+/-) in aged mice resulted in accelerated wound closure 
with increased wound contraction and ColIII-de!cient mice had 
increased myo!broblast density in the wound granulation tissue 
(13).
The CD68 antigen was used as an established marker of tissue 
macrophages in nasal musosa wound healing studies (6). Macro-
phages, which arrive at the wound later than any other in#am-
matory cells, operate as voracious phagocytes, clearing the 
wound of all matrix and cell debris including !brin and spent 
neutrophils (14). The fact that macrophages (CD68+) are present 
at baseline levels at week 8 postoperatively in UTR-treated INTs 
suggests that the wound healing process is very advanced and 
rather completed at this stage. On the contrary, macrophages 
are still present at week 8 in MEC-treated specimens, suggesting 
that there is still an ongoing, more prolonged, wound healing 
process compared to UTR-treated INTs.
The amounts of MMP-9 in nasal #uid and in ECM can signi!-
cantly and independently predict the healing quality after sinus 
surgery in human (7). Neutrophils were suggested to be the 
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major source of increased MMP-9 expression, which was linked 
to poor healing quality in humans. Nonetheless, it should be 
stressed that macrophages can also be a signi!cant source of 
MMP-9. In the present study (Table 4), MMP-9 concentration 
reaches its peak at week 8 in MEC-treated INTs, suggesting again 
(as is the case with CD68 / macrophages) a delayed functional 
role for neutrophils after this treatment modality and a resulting 
delayed wound healing process, compared to UTR-treatment 
(in which MMP-9 concentration peeks at postoperative week 3). 
However, knowing that macrophages can also be a source of 
MMP-9 in asthma or in bone healing (15,16), these results should 
be extended by speci!c analyses on the local MMP-9 release 
and activation processes as well as recruitment and activation of 
macrophages and neutrophils.

This study also con!rms the suitability of the sheep model for 
exploring INT mucosal wound healing and the high integration 
of remodeling processes involved during the repair process after 
INT surgery. The issue of the high amount of tissue samples usu-
ally needed for histomorphological and immunohistochemical 
studies can be adequately addressed in this model. However, as 

in all animal models, the translation of sheep !ndings to human 
conditions should be done with caution. 
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