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Osteitic bone: a surrogate marker of eosinophilia in chronic 
rhinosinusitis*

Summary
Background: Causes of osteitis in chronic rhinosinusitis (CRS) other than previous surgery are poorly de!ned. Patients with eosi-
nophilic CRS (ECRS) have more severe disease and poorer outcomes despite repeated surgery. Associations between osteitis and 
markers of ECRS are not well described. 

Methods: A cross-sectional study of CRS patients undergoing sinus surgery was conducted. Osteitis was scored radiologically 
using previously published measures. Associations between osteitis and histopathology, symptoms, endoscopy, CT mucosal score 
and seromarkers were analyzed. 

Results: Eighty-eight patients were assessed of whom forty-!ve had osteitis. Patients undergoing revision surgery recorded 
higher osteitis scores. Patients with mucosal eosinophilia had higher osteitis score than those without. Patients with osteitis had 
higher serum eosinophil. Similar relationships were also found in primary surgery. Osteitis was associated with endoscopic and 
radiologic, but not symptomatic disease severity. 

Conclusions: Osteitis is associated with tissue and serum eosinophilia in both patients with and without prior surgery. Patients 
with these features may bene!t from post-operative corticosteroid therapy to prevent osteitis.
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Introduction
Osteitic bone is a feature of chronic rhinosinusitis (CRS) and 
often associated with recalcitrant disease (1). The osteitic bones 
potentially serve as a nidus for in"ammation and may explain 
failures from typical medical and surgical treatment. Osteitis is 
associated with previous surgery and the incidence increases 

with increasing number of previous operations (2). However, 
non-operated patients also experience osteitis with an inci-
dence of 5 (3) to 33% (2) and thus mucosal loss from surgery is 
not a simple answer to the origins and implication of osteitis 
(4). The mechanism of osteitis in CRS is poorly understood and 
yet to be fully de!ned. Although, bacteria may play a role in 
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the pathogenesis by infecting sinus walls or producing bio!lm 
which results in the release of mediators, to date bacteria have 
not been demonstrated in bone of the paranasal sinuses (1). 
Osteitis is thought to be a disordered in"ammatory process 
rather than chronic bone infection or osteomyelitis, similar to 
recent research into the mucosal in"ammation of CRS (5). 

Eosinophilic chronic rhinosinusitis (ECRS) is a subtype of recal-
citrant CRS. Patients with ECRS having tissue eosinophil greater 
than 10 cells per high power !eld (HPF) have worse disease 
severity (6) and poorer treatment outcomes compared to non-
eosinophilic CRS (7). A recent study by Mehta et al.,(8) found a 
correlation between osteitis of the paranasal sinuses, based on 
radiology, with serum and sputum eosinophil levels in asthma-
tic patients. Additionally, Tran et al., (9) found that patients with 
CRS  with eosinophilic mucin had an increased rate of reste-
nosis and revision surgery after endoscopic modi!ed Lothrop 
procedure. These !ndings suggest that tissue eosinophila and 
a systemic response with serum eosinophilia may predispose 
or be associated to the osteitic bone seen in recalcitrant CRS. 
The objective of this study is to investigate an association 
between osteitis and eosinophilic markers of ECRS.

Material and methods
Study design
A cross-sectional study of consecutive patients undergoing 
sinus surgery was undertaken. The study had ethical approval 
from the St Vincent’s Hospital institutional review board. 

Patient population
Adult patients (> 18 years) with CRS with or without polyps 
who underwent ESS in a tertiary referral clinic were reviewed. 
CRS patients were de!ned according to EPOS (10). All patients 
underwent ESS after failing previous medical therapy. No pa-
tients used oral steroid for 4 weeks prior to surgery. 
Demographic data was recorded. Comorbidity of asthma was 
de!ned as clinically using an inhaled #-agonist or corticoste-
roid. Patients with suspected aspirin sensitivity on history were 
con!rmed with a nasal lysine aspirin challenge as per the Euro-
pean Guidelines (11). The Sino-Nasal Outcome Test 22 (SNOT-22) 
was used for disease-speci!c quality of life assessment (12). 
Preoperative Lund-Kennedy endoscopy scores were recorded. 
A structured histopathology report was used to de!ne in"am-
matory features of the disease (6). Histopathology reported 
tissue eosinophilia (< 5 per high power !eld (HPF), 5 - 10 per 
HPF, > 10 per HPF), Charcot-Leyden Crystals (absent, present), 
eosinophil aggregates (absent, present) and severity of in"am-
mation (absent, mild, moderate and severe). Three high power 
!elds were analyzed to reach a consensus as the density of 
eosinophilia. The seromarkers reported were: eosinophil count 
(x109/L), total IgE (kU/L), C-reactive protein (CRP) (mg/L) and 
erythrocyte sedimentation rate (ESR) (mm/hour). All preope-
rative computed tomography (CT) scans were evaluated with 

Lund-Mackay scores.

Global Osteitis Scoring Scale
Osteitis was de!ned as the process of bone thickening in 
patients with CRS was presented (1). Neither distinction is made 
between osteitis and neo-osteogenesis, nor an assumption of 
the origins. Bony walls of the paranasal sinuses were assessed 
for presence, severity and extent of osteitis by using Global 
Osteitis Score (2). All ten sinuses right and left frontal, anterior 
ethmoid, posterior ethmoid, maxillary and sphenoid) were 
scored ranging from 0 to 4 as follows:
0: Less than 50% of the sinus walls involved and osteitis < 3 
mm wide (Figure 1A).
1: Less than 50% of the sinus was involved and 3 - 5 mm width 
(Figure 1B).
2: Less than 50% of the sinus involved and wider than 5 mm or 
greater than 50% of the sinus wall involved and < 3 mm wide 
osteitic changes (Figure 1C).
3: Greater than 50% of the sinus wall involved and 3 - 5 mm 
(Figure 1D).
4: Greater than 50% of the sinus wall and thicker than 5 mm 
(Figure 1E, 1F).
The Global Osteitis Score ranges from 0 to 40. Woven bone 
with thickened, irregular, heterogeneous lining of the sinus 
walls was measured other than normal lamellar bony wall.

Statistical analyses
Descriptive data was presented as percentage, mean and 
standard deviation (SD) for parametric data, median and inter-
quartile range (IQR) for non-parametric data. Student’s T-test 
and Mann-Whitney U-test (two-tailed) were used for compa-
risons of unrelated groups of parametric and non-parametric 
data, respectively. Kruskal-Wallis was used for comparisons of 
non-parametric data of more than two groups. Chi squared 
analysis was used for relationships of nominal variables. Pear-
son correlation coe$cients were performed for linear relation-
ship of scale variables. Spearman’s correlation coe$cients were 
used for ordinal values. Statistical analyses were performed 
using SPSS v 17.0 (Statistical Package for the Social Sciences, 
Chicago, IL, USA).

Results 
Patient population
Eighty-eight patients with a mean age of 50.3 ± 13.6 years 
were assessed. Forty (45.5%) patients were female. Nine 
(10.2%) patients were smokers and twenty (22.7%) had 
asthma. Three (3.4%) patients had aspirin hypersensitivity. 
Forty-two (47.7%) patients were diagnosed as CRSsNP. Thirty-
three (37.5%) had revision surgery. The number of previous 
surgery ranged from 1 to 12. Forty-!ve (51.1%) of total patients 
had some form of osteitis. The prevalence of osteitis was 75.8% 
(25/33) for patients with revision surgery and 36.4% (20/55) 
for patients with primary surgery. It is acknowledged that the 
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Figure 1. Examples of osteitis (arrow) and Global Osteitis Scoring Scale in CRS patients: (A) score 0 (B) score 1 (C) score 2 (D) score 3 (E) score 4 of 

maxillary sinus (F) score 4 of sphenoid sinus.

patient population is from a tertiary hospital clinic.

Association between osteitis and clinical presentation 
The mean age of patients with osteitis (51.6 ± 14.5) was similar 
to those without (47.5 ± 12.0), p = 0.18. The Global Osteitis 
Score of patients increased with the increase of age (r = 0.23, p 
= 0.04) (Figure 2), but was not correlated to age in the primary 
surgery group (r = 0.01, p = 0.94). The presence of osteitis was 
not associated with gender (p = 0.66), smoking (p = 0.48), the 
comorbidities of asthma (p = 0.40) nor aspirin hypersensitivity 
(p = 1.0). Osteitis was associated with the presence of polyps 
(%2 = 4.6, p = 0.05) and previous surgery (%2 = 12.8, p < 0.001). 
The median Global Osteitis Score was greater in patients with 
CRSwNP (4.0 (2.0 - 6.0)) than patients with CRSsNP (0.0 (0.0 - 
5.3), p = 0.03) (Figure 3) and greater in patients undergoing 
revision surgery (6.0 (3.8 - 10.3)) than primary surgery (0.0 (0.0 
- 3.0), p < 0.001) (Figure 4). The median of number of previous 
surgeries was higher in patients with osteitis (1.0 (0.0 - 2.0)) 
than those without (0.0 (0.0 - 0.0), p = 0.001).

When un-operated CRS patients (primary surgery subgroup) 
were assessed independently, the Global Osteitis Score of 
patients with osteitis was neither correlated with age (p = 
0.94) nor the presence of polyps (p = 0.15). The median Global 
Osteitis Score in patients with CRSwNP (2.5 (1.3 - 4.0)) was not 
di&erent from patients with CRSsNP (0.0 (0.0 - 0.0), p = 0.23). 
The presence of osteitis was not associated with gender (p = 

0.77), smoking (p = 1.0), the comorbidities of asthma (p = 0.68) 
and aspirin hypersensitivity (p = 0.43).

Association between osteitis and disease severity
The mean SNOT-22 in patients with osteitis (2.0 ± 1.0) was not 
di&erent from those without (1.9 ± 1.1), p = 0.56. Patients with 
osteitis had greater endoscopy score (6.1 ± 2.9 versus 4.4 ± 3.6, 
p = 0.03) and CT score (14.0 ± 6.0 versus 10.1 ± 5.7, p = 0.005) 
than those without. Data are displayed in Table 1.

Similar !ndings were found in the primary surgery subgroup. 
The mean SNOT-22 in patients with osteitis (1.8 ± 0.8) was not 
di&erent from those without (1.7 ± 1.0), p = 0.75. Patients with 
osteitis had greater endoscopy score (6.6 ± 2.9 versus 4.5 ± 3.6, 
p = 0.03) and CT score (15.6 ± 5.5 versus 10.4 ± 5.2, p = 0.002) 
than those without.
 
Association between osteitis and histopathology
The median Global Osteitis Score was greater in patients with 
tissue eosinophilia (' 10/HPF) (4.0 (1.0-6.0)) than those with 
less tissue eosinophil (1.0 (0.0-5.8), p = 0.04) (Figure 5). No as-
sociation with Charcot-Leyden crystals (4.0 (0.0 - 6.0) versus 2.0 
(0.0 - 6.0), p = 0.65) and eosinophil aggregates (4.0 (0.0 - 6.0) 
versus 2.0 (0.0 - 7.0), p = 1.0) were found. Data are displayed in 
Table 2. 

Similar !ndings were made in the primary surgery subgroup. 
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The median Global Osteitis Score was greater in patients with 
tissue eosinophilia (' 10/HPF) (3.0 (0.0 - 4.0)) than those with 
less tissue eosinophilia (0.0 (0.0 - 0.0), p = 0.001) (Figure 5). 
There was no signi!cant di&erence (p = 0.27) between the 
median Global Osteitis Score for the primary group and the 
severity of tissue in"ammation (Kruskal Wallis). The Global 
Osteitis Score was not correlated to age in the primary surgery 
group (r = 0.01, p = 0.94). 

Association between osteitis and seromarkers
Data are displayed in Table 1. Patients with osteitis had higher 
median serum eosinophil count (0.3 (0.2 - 0.5) x109/L versus 
0.1 (0.1 - 0.2) x109/L, p < 0.001) and median serum IgE level 
(78.0 (29.5 - 252.0) versus 29.0 (18.8 - 69.3), p = 0.01) than those 
without. Median of CRP (1.9 (0.8 - 2.5) versus 2.5 (0.9 - 7.0), p 
= 0.20) and ESR (6.0 (3.0 - 12.5) versus 5.5 (2.0 - 10.0), p = 0.40) 
were not di&erent between patients with osteitis and without. 
The median Global Osteitis Score was greater in patients with 
high serum eosinophilia (' 0.3 x109/L) (5.0 (1.8 - 11.0) versus 
0.0 (0.0 - 4.0), p = 0.004) (Figure 6).

In the primary surgery subgroup, patients with osteitis had 
higher median serum eosinophil count (0.3 (0.1 - 0.6) x109/L 
versus 0.1 (0.1 - 0.2) x109/L, p = 0.01) compared to patients 
without osteitis but similar median serum IgE level (41.0 (25.0 
- 63.0) versus 31.0 (19.0 - 73.0), p = 0.46). The CRP (1.4 (0.8 - 2.2) 
versus 2.1 (0.6 - 5.2), p = 0.45) and ESR (5.0 (2.0 - 12.3) versus 
5.0 (2.0 - 10.0), p = 0.73) were not di&erent between groups. 
The median Global Osteitis Score was greater in patients 
whose serum eosinophilia was beyond previously reported 
threshold (6,13) (' 0.3 x109/L) (3.0 (0.8 - 6.5) versus 0.0 (0.0 - 
0.0), p = 0.002) (Figure 6).

Discussion
The prevalence of osteitis in this study was similar to Georga-
las et al., (2) and Lee et al. (3). The presence of osteitic bones is 
widely accepted to be associated with previous surgery and it 
is also shown by this study. However, osteitis is multifactorial 
and can be found in non-operated patients. It is associated 
with other features of ECRS such as the presence of polyps, 
high tissue eosinophils ' 10/HPF, high serum eosinophils ' 0.3 
x109/L and high serum IgE. Importantly, in a primary surgery 
subgroup, only true eosinophilic states, which are tissue and 
serum eosinophilia show signi!cant correlations. Although na-
sal polyps is a clinical feature of ECRS, the phenotype and the 
endotype are di&erent in many patients, as tissue eosinophilia 
is also present in up to 19% of patients with CRSsNP (6).

The relationship between osteitis of paranasal sinuses and 
high eosinophil level in serum and sputum was also repor-
ted by Mehta et al. (8). The pathogenesis of this relationship is 
not known. To date bacteria have not been demonstrated as 
common feature in the bone of CRS patients (1). The pathoge-
nesis of osteitis may be either infection as shown from animal 
models studies (14) and/or in"ammation. A chronic process of 
eosinophilic mucosal in"ammation of ECRS may initiate bone 
remodeling including periosteal reaction, osteoclast prolifera-
tion, bone resorption, new bone formation, !brosis and cellu-
lar in!ltration. This response is similar to the reaction to other 
stimuli such as mechanical stress and post-traumatic repair (1). 
We do not have su$cient information to determine the length 
of symptoms (beyond 3 months) for our patient population. 
The osteitis may be related to duration of in"ammation. To 
explore this further we looked at the relationship of age and 
osteitis score. There was no correlation between the age of the 
patients and osteitis in the non-operated subgroup (r = 0.01, 
p = 0.94). There is an association with age and the total group 

Figure 2. Global Osteitis Score by age. Figure 3. Global Osteitis Score by diagnosis.
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Figure 4. Global Osteitis Score by primary versus revision surgery.

but this is confounded by prior surgery in the total population. 
Although eosinophilia is associated with clinical severity, the 
histological severity of in"ammation was not associated with 
and global osteitis score was found in the primary surgery 
subgroup (p = 0.27). Possible alternative explanations of this 
association with eosinophilia could include a chronic in"am-
mation dominated by a cytokine milieu of Th2 in"ammation 
a&ecting not only sinus mucosa but also the bony walls. The 
systemic release of pro-in"ammatory cytokines, such as IL-4 
an known inducer of neo-osteogenesis (15), may trigger bone 
neo-osteogenesis in signi!cant ECRS cases. However eosinop-
hil in!ltration is not common in bony histopathology of CRS 
patient and a systemic response may be required to initiate 
the osteitis. The majority of current animal models of CRS are 

based on ostial obstruction and bacterial inoculation (14) and 
not an eosinophilic airway process and thus may be unreliable 
surrogates for research on bone changes.

Patients with osteitis have greater disease severity in endo-
scopy and CT score but similar symptoms compared to those 
without. These were similarly reported by other studies (3,16-18). 
The greater disease severity in patients with ECRS shown in 
our previous study is analogous to these !ndings (6). It is also 
shown in the literature that CRS patients with osteitis have 
poorer treatment outcomes (19). The ECRS subgroup is also rela-
ted to an increased rate of restenosis and revision surgery after 
endoscopic sinus surgery (7) and modi!ed Lothrop procedure 
(9). If there is a causal link between osteitis, strong tissue eosi-

Figure 5. Global Osteitis Score by tissue eosinophilia ('10/HPF) (A) total population (B) primary subgroup.
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Factors Global Osteitis Score in total population Global Osteitis Score in primary 
surgery subgroup

SNOT-22 1.85 ± 1.1 2.03 ± 1.0 0.56 1.7 ± 1.0 1.8 ± 0.8 0.75

Endoscopy 
score

4.38 ± 3.6 6.07 ± 2.9 0.03 4.5 ± 3.6 6.6 ± 2.9 0.03

CT score 10.14 ± 5.7 13.95 ± 6.0 0.005 10.4 ± 5.2 15.6 ± 5.5 0.002

Serum 
eosinophil 
(x109/L)    

0.1 (0.1-0.2) 0.3 (0.2-0.5) <0.001 0.1 (0.1-0.2) 0.3 (0.1-0.6) 0.01

Serum IgE 
(kU/L)

29.0 (18.8-69.3) 78.0 
(29.5-252.0)

0.01 31.0 (19.0-73.0) 41.0 (25.0-63.0) 0.46

CRP (mg/L) 2.5 (0.9-7.0) 1.9 (0.8-2.5) 0.20 2.1 (0.6-5.2) 1.4 (0.8-2.2) 0.45

ESR (mm/hour) 5.5 (2.0-10.0) 6.0 (3.0-12.5) 0.40 5.0 (2.0-10.0) 5.0 (2.0-12.3) 0.73

Total population Primary surgery subgroup

Non-osteitis Osteitis p-value Non-osteitis Osteitis p-value

Disease severity 
(mean ± SD)

Seromarkers
(median (IQR))

<10/HPF 1.0 (0.0-5.8) 0.04 0.0 (0.0-0.0) 0.001

'10/HPF 4.0 (1.0-6.0) 3.0 (0.0-4.0)

absent 2.0 (0.0-6.0) 0.65 0.0 (0.0-2.0) 0.98

present 4.0 (0.0-6.0) 2.0 (0.0-5.5)

absent 2.0 (0.0-7.0) 1.0 0.0 (0.0-2.3) 0.68

present 4.0 (0.0-6.0) 0.0 (0.0-5.0)

absent NA 0.03 NA 0.27

mild 0.0 (0.0-4.0) 0.0 (0.0-2.8)

moderate 3.0 (0.0-5.8) 1.0 (0.0-4.0)

severe 6.0 (3.5-13.5) 4.5 (0.8-9.8)

Median (IQR) p-value Median (IQR) p-value

Tissue 
eosinophilia

Charcot-Leyden

Eosinophil 
aggregates

Severity of 
inflammation

Table 1. Disease severity and seromarkers by the presence of osteitis in total population and primary surgery subgroup.

Table 2. Global Osteitis Score by histopathology in total population and primary surgery subgroup. 

NA: There were no patients with absent inflammation.

Figure 6. Global Osteitis Score by serum eosinophilia (' 0.3 x109/L) (A) total population (B) primary subgroup.
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nophilia and serum eosinophilia then structured histopatho-
logy (6) reporting and serum analysis may be helpful to de!ne a 
subgroup at risk for osteitis. The simple concept of endoscopic 
sinus surgery to create ventilation and drainage may be an in-
appropriate philosophy for patients with osteitis. Remnants of 
diseased bone may serve as a constant nidus for in"ammation, 
inducing recurrent edema and hypertrophy of the overlying 
mucosa (1) and complete removal may be required. Addition-
ally, a strong post-operative corticosteroid therapy regime may 
be appropriate for the patients with serum eosinophilia > 0.3 
x109/L and high tissue eosinophilia (> 10/HPF) to prevent post-
surgery osteitis if systemic mediators are involved in osteitis 
formation.

Conclusion
Osteitis is associated with tissue and serum eosinophilia in 
both patients with and without prior surgery. Potentially, 
patients with these features may bene!t the most from post- 

operative corticosteroid therapy to prevent further osteitis and 
should be an area of future research.
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