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Introduction

The main problem in chronic rhinosinusitis (CRS) 
is recurrence of the disease. Despite endoscopic 
sinus surgery (ESS) combined with optimal medical 
treatment, a subgroup of patients remain resistant to 
treatment.1 Studies show that this disease decreases 
the quality of life and productivity of affected 
patients, and negatively effects the economy.2

Osteitic bone change is an aspect of chronic 
sinusitis and may be associated with recalcitrant 
CRS. For many years, research on CRS has focused 
on the mucosal layer of the sinuses to evaluate 
various inflammatory and infectious markers. 
However, the bony structure that walls the paranasal 
sinuses under the mucosa may also play an 
important role in recalcitrant CRS.1 Recently, tissue 
remodeling of this bony structure has attracted 
attention. Histopathological investigations of 
patients with CRS have shown new bone formation, 
bone resorption, fibrosis, and inflammation of the 
bony structure referred to as osteitis.3 

Kennedy et al.4 performed the first study on 
osteitis in 1998, investigating the lamellar structures 
of the ethmoid bones in healthy individuals and in 
patients with CRS, both histologically and 
pathologically. They discovered resorption of the 
bone, neogenesis, and fibrosis in patients who had 
chronic rhinosinusitis. Bone remodeling is thought 
to have a multifactorial pathophysiology, but the 
underlying mechanism is not clearly identified.4

We aimed to determine whether osteitis is 
associated with primary and revision surgery in 
patients with CRS. Furthermore, we investigated 
the incidence and degree of osteitic bone changes 
and its relationship with mucosal inflammation.

Material and methods

The study had ethical approval from the University 
Hospital institutional review board. The charts of 
adult patients (aged > 18 years) with CRS, with or 
without polyps, who underwent ESS in a tertiary 
referral clinic were reviewed. Patients with CRS 
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Results

One hundred-eleven patients with a mean ± standard 
deviation (SD) age of 47.27 ± 10.6 years were 
assessed. Forty-seven (42.3%) patients were 
female. Twenty-three (20.7%) patients had asthma 
and seven (6.3%) had aspirin hypersensitivity. One 
hundred-one (91.0%) patients were diagnosed as 
having CRS with nasal polyposis (CRSwNP). 

Seventy-three (65.8%) patients had some form 
of osteitis. The incidence of osteitis for patients 
with primersurgery was 70.3% (52/74) and 56.8% 
(21/37) for patients with revision surgery. There 
were no significant differences in the prevalence of 
osteitis (p = 0.229) or the degree of osteitis 
(p = 0.639) between the primary and revision 
surgery groups (Table 1). The degree of osteitis in 
patients with CRSwNP was not different from 
those with CRS without nasal polyposis (CRSsNP) 
(p = 0.054) (Table 2).

Osteitis was not associated with the presence 
of  asthma or aspirin intolerance (p = 0.195 or 
p = 0.689, respectively). Fifty (45.0%) patients had 
tissue eosinophilia (≥ 5/HPF). Thirty-six (72.0%) 
patients with tissue eosinophilia had osteitis. 
Osteitis was associated with tissue eosinophilia 
(p = 0.01). Nine (36%) patients in the primary 
surgery group and 8 (32.0%) in the revision group 
had high tissue eosinophilia (> 10 eosinophils/hpf). 
There was no significant difference between 
eosinophil counts and the presence of osteitis in the 
primary and revision surgery groups (p = 0.280 and 
p = 0.389, respectively).

Osteitis was associated with inflammatory cell 
predominance (p = 0.01) and was not associated 
with subepithelial edema (p = 0.630), squamous 
metaplasia (p = 0.369), or fibrosis (p = 0.367).

Discussion

To our knowledge, bone remodeling is accepted as 
one of the underlying causes of recalcitrant CRS. 
Since the bones surrounding the sinuses contain no 
marrow, it is preferable to consider this remodeling 
as osteitis.7

Bahandarkar et al.8 found osteitis in 43% of 
patients with CRS based on CT findings.8 Kennedy 
reported that concurrent osteitis can be found in 
36% to 53% of patients with CRS using radiographic 
and pathological criteria, respectively.4 In the most 
recent studies, Lee et al.9 found histopathological 

were defined according to the European Position 
Paper on Rhinosinusitis and Nasal Polyps (EPOS).5 
All patients underwent ESS after failing previous 
medical therapy. No patients used oral steroids for 
4 weeks prior to surgery.

Patients were classified into two groups; the 
primary surgery group included 74 patients who 
received ESS for the first time, and the revision 
group included 37 patients who underwent ESS as 
revision surgery. Demographic data was recorded. 

Histopathological examination

Bony samples were collected from the bony 
ethmoid septa with their covering mucosa for 
histopathological examinations. The tissues were 
fixed in 10% formalin and decalcified in EDTA. 
The tissue blocks were then sliced into 5-mm 
sections and stained with hematoxylin and eosin 
(H-E) for routine light microscopy. The same 
pathologist, who was blinded to the patient’s history 
and computer tomography (CT) findings, reviewed 
the specimens. Mucosal changes were categorized 
according to the intensity of chronic inflammatory 
cellular infiltration, tissue eosinophilia (< 5 per high 
power field [HPF], 5-10 per HPF, or > 10 per HPF), 
the presence or absence of squamous metaplasia, 
subepithelial edema, and fibrosis.

Boney changes were determined by the degree of 
periosteal thickening, osteoblastic-osteoclastic 
activity, and woven bone formation on a scale of 
0-4 as follows: 0, normal; 1, minimal periosteal 
thickening; 2, mild periosteal thickening with 
osteoblastic-osteoclastic activity; 3, moderate 
periosteal thickening with wide osteoid seam and 
osteoblastic-osteoclastic activity; or 4, severe 
periosteal thickening and marrow formation 
(Figure 1).6 

Statistical analysis

Statistical analysis was performed using the 
software SPSS for Windows, version 19 (SPSS 
Yazılım eğitim danışmanlık şirketi, Istanbul, 
Turkey). The incidence of mucosal, osteitic 
changes, diagnosis, and recurrence in both groups 
was analyzed using the chi-square test. Correlations 
between the degree of osteitis and the presence of 
mucosal changes, and between the degree of osteitis 
and recurrence, were performed using the Mann-
Whitney U test.
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radiologic evaluations. In our opinion, histo
pathological evaluations of osteitic bone changes 
were also more appropriate for our cases. In our 
study, the incidence of osteitis was 66.7%. This 
result shows that, when compared with other 

evidence of osteitis in 53%, and Telmasini et al.10 
in  52.4% of surgical specimens from patients in 
whom ESS was performed. Regarding osteitic 
bone  changes, histopathological examinations are 
generally accepted as being more precise than 

Figure 1
The histopathologic grades of the sinus bone by the degrees of 
periosteal thickening, osteoblastic and osteoclastic activities, 
and woven bone formation: (A) Grade 0, normal; (B) Grade 1, 
minimal; (C) Grade 2, mild; (D) Grade 3, moderate; and (E) 
Grade 4, severe (hematoxylin and eosin stain; original 
magnification ×200).

Table 1
Comparison of the degree of osteitis in the primary and revision surgery groups

Degree of osteitis Primary n (%) Revision group
n (%)

No bone remodeling 22 (29.7) 16 (43.2)  
Minimal 12 (16.2) 3 (8.1)
Mild 26 (35.1) 9 (24.3)
Moderate 4 (5.4) 1 (2.7)
Severe 10 (13.5) 8 (21.6)
Total 74 (100) 37 (100)

A

C

E

B

D
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We showed a significant relationship between 
tissue eosinophilia and osteitis. However, the 
eosinophil count was not associated with the 
incidence of osteitis in primary and revision surgery 
groups. 

Chronic rhinosinusitis associated with T-helper 
cell type 2 (Th2)-related inflammation has been 
increasingly recognized as a distinct phenotype 
characterized by eosinophilic infiltration. These 
findings suggest that Th2-related inflammation may 
play a role in the pathogenesis of bone remodeling. 
Snidvongs et al.11 reported that eosinophilic 
mucosal inflammation may initiate a periosteal 
reaction, osteoclast proliferation, bone resorption, 
and new bone formation, and suggested post
operative corticosteroid therapy to prevent further 
osteitis. Thus, long-term use of oral and topical 
corticosteroids in the postoperative period may be 
beneficial in patients in whom osteitis was detected 
histopathologically.

Bhandarkar et al.8 reported a relationship 
between osteitis and CRSwNP. Svidnogs et al.11 
found higher osteitis scores in CRSwNP patients 
than in CRSsNP patients in the group that underwent 
revision surgery. They found no relationship 
between the presence of polyps and radiologic 
osteitis scores. Our study shows osteitic bone 
changes in both CRSwNP and CRSsNP patients; 
however, we were unable to find a significant 
difference in the incidence of osteitis between 
them.

Mucosal inflammation may play a more essential 
role than anatomical variation in the development 
of sinusitis.15 Telmessani et al.10 compared the 
alterations in the mucosa and bones of non-operated 
patients and patients who had previous surgeries. 
The degree of mucosal inflammation and osteitic 

studies, the incidence of osteitic bone changes may 
be higher in a Turkish population.

Bone remodeling is suggested to have a 
multifactorial pathophysiology, but the underlying 
mechanism is not clearly identified. In some studies, 
the incidence of osteitis was higher in patients who 
had previous surgeries and this was attributed to 
mucosal injury during the surgical procedure.4 
However, radiologic detection of various degrees 
of osteitis in non-operated patients suggests that 
surgery is not the primary cause of bone 
remodeling.11 Regarding the incidence of osteitis, 
no significant difference was found between the 
primary and revision surgery groups in our study. A 
consideration may be that patients with histo
pathologically and radiologically confirmed osteitis 
may have a tendency for recurrence of the dis
ease.  Osteitic bone is a source of inflammation, 
often causing persistent mucosal inflammation. 
Removing osteitic bone during ESS in patients with 
CRS may decrease the incidence of relapses of the 
disease process.11 The high incidence of bone 
remodeling in non-operated patients should prompt 
surgeons to avoid the classical minimally-invasive 
technique, and the protocol for surgical management 
should be revised.11

Many studies have shown that elevated tissue 
and serum eosinophil counts play a role in CRS that 
is resistant to surgical and medical treatment. 
Previously, radiographic osteitis scores were 
correlated with eosinophilic inflammation. This is 
also the case with primary surgery patients.11,13 Our 
prior work has also demonstrated that radiologic 
osteitis scores and serum eosinophils are higher in 
non-operated patients than in revision surgery 
patients with CRSsNP, and osteitis burden is 
associated with higher P-glycoprotein expression.14 

Table 2
Comparison of the degree of osteitis in patients with chronic rhinosinusitis with nasal poly-

posis (CRSwNP) and without nasal polyposis (CRSsNP)

Diagnosis CRSwNP
n (%)

CRSsNP
n (%) 

No bone remodeling 36 (35.6) 2 (20.0)
Minimal 14 (13.9) 1 (10.0)
Mild 33 (32.7) 2 (20.0)
Moderate 5 (5.0) 0 (0)
Severe 13 (12.9) 5 (50.0)
Total 101 (100) 10 (100)
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changes were correlated; there was no significant 
difference between groups when mucosal inflam
mation was taken into consideration, and mucosal 
inflammation had no effect on the incidence of 
osteitis among groups. We did not determine 
any relationship between osteitis and mucosal squa
mous metaplasia, subepithelial edema, or fibrosis. 
However, we found a significant correlation 
between eosinophilic cell predominance and tissue 
eosinophilia. These results support the notion that 
eosinophilic inflammation may trigger osteitic 
changes. 

Conclusions

Osteitis is increasingly recognized as playing a 
significant role in recalcitrant CRS. Osteitic bone 
changes have a high histopathologic incidence. 
Since the incidence of osteitis was not statis
tically significantly different between non-operated 
patients and those who had revision surgery, we 
believe that surgery did not play a primary role in 
osteitic bone changes in our population. The 
recurrence rate between the patients with and 
without osteitis at the time of the primary surgery 
needs to be investigated. Mucosal inflammation did 
not have any effect on the incidence of osteitis, 
whereas tissue eosinophilia was associated with 
osteitis in patients with CRS. Patients with osteitis 
may potentially benefit the most from postoperative 
corticosteroid therapy to prevent further recurrence.
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