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Abstract
Background

Chronic rhinosinusitis (CRS) is a persistent inflammatory disease that may extend beyond the mucosa
and induce osteitis of the paranasal sinus walls. Radiologic assessment of sinonasal osteitis commonly
relies on the Global Osteitis Scoring Scale (GOSS), which evaluates bone thickening but does not capture
alterations in bone density. Computed tomography—derived Hounsfield Units (HU) provide a quantitative
measure of bone mineralization and may offer complementary information regarding bone remodeling in
CRS.

Objective

To evaluate the correlation between GOSS and HU values on sinonasal high-resolution computed
tomography (HRCT) in assessing chronic sinonasal osteitis severity.

Methods

A retrospective cross-sectional study was conducted involving 32 adult CRS patients who underwent
sinonasal HRCT. Each paranasal sinus was evaluated independently using the GOSS system, and mean
HU values were measured at standardized sinus wall locations. Correlation analysis between GOSS
scores and HU values was performed using Spearman’s rank correlation test (a = 0.05).

Results

A total of 156 osteitis-positive sinuses were identified, most frequently in the right anterior ethmoid
sinus. The highest mean HU values were observed in sinuses without wall thickening (GOSS score 0).
Correlation analysis demonstrated a statistically significant but very weak association between GOSS
scores and HU values (r=0.167; p = 0.038), suggesting that bone thickness and bone density represent
distinct imaging characteristics of osteitic remodeling. However, no significant correlation was observed
when each sinus was analyzed separately (p > 0.05), with some sinuses showing higher GOSS scores
associated with lower HU values.

Conclusion

Assessment of chronic sinonasal osteitis should consider both structural and densitometric CT
parameters, as thickness-based scoring alone may not adequately reflect the complexity of
inflammatory bone remodeling. This combined approach may improve the radiologic characterization of
CRS-related osteitis and support more accurate disease assessment.
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BACKGROUND

Chronic rhinosinusitis (CRS) is an inflammation of the nasal mucosa and paranasal sinuses that lasts for
more than 12 weeks and is one of the most common upper respiratory tract diseases in both Western
and Asian countries.! This disease has a significant impact on patients' quality of life, increased
healthcare costs, and reduced productivity.>® The clinical manifestations of CRS include nasal
obstruction or congestion, rhinorrhea, dizziness, smell disorders such as hyposmia or anosmia, and
facial pain, which can interfere with daily activities.# Data from the Rhinology Division of the Department
of Otorhinolaryngology, Faculty of Medicine, Brawijaya University/Dr. Saiful Anwar General Hospital
shows that CRS is the most common case in outpatient clinics, with an incidence rate of 43% (308
cases) in 2019, increasing to 58% (201 cases) in 2020, and 29% (90 cases) in 2021.

Persistent inflammation in CRS may extend beyond the mucosal layer and involve the underlying bony
structures of the paranasal sinuses >° and cause osteitis, which is characterized by thickening of the
sinus bone walls without involvement of the bone marrow, thus differing from osteomyelitis. Although
histopathological evaluation is the gold standard for assessing bone remodeling, this procedure is
difficult to perform due to limitations in bone sampling, even in patients who have undergone endoscopic
surgery.’ Therefore, a non-invasive method is needed to assess bone involvement in CRS.

High-resolution computed tomography (HRCT) of the paranasal sinuses without contrast is the
recommended imaging modality for initial examination because it has high spatial resolution, is capable
of evaluating bone structures in detail, and is useful in surgical planning.2® On CT examination, osteitis
appears as thickening of the sinus wall, which can be focal or diffuse, associated with neo-osteogenesis,
osteoclastic resorption, fibrosis, periosteal reaction, and changes in the Haversian canal, with varying
appearances depending on the stage of the disease.”1?

Among the available radiological scoring systems, the Global Osteitis Scoring Scale (GOSS) is widely
used to quantify osteitis based on the thickness and extent of sinus wall involvement. Despite its clinical
utility, the histopathological validity of GOSS remains limited, and several studies have reported
inconsistent correlations between GOSS scores and the underlying degree of bone remodeling. Because
GOSS primarily evaluates structural thickening of the sinus wall, it mainly reflects morphological
changes rather than alterations in bone mineral density. Chronic inflammation may induce complex bone
remodeling processes, including osteoblastic activity, osteoclastic resorption, and changes in bone
mineralization, which may not be adequately captured by thickness-based scoring systems. Recent
studies indicate that neo-osteogenesis has a greater influence on bone density increase than thickness,
indicating that bone density measurements may provide additional information regarding osteitic
changes. Hounsfield Units (HU), derived from CT imaging, provide a quantitative measure of tissue
radiodensity and have been increasingly used to evaluate bone quality in various craniofacial conditions.
As a densitometric parameter, HU measurements may offer a more objective method for assessing bone

remodeling associated with chronic sinonasal inflammation.”'® However, the relationship between sinus
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wall thickening and bone density in CRS-related osteitis remains poorly understood. Better
understanding of the relationship between these parameters may help clarify whether bone thickness
and bone density reflect similar or distinct aspects of osteitic remodeling.

Therefore, this study aimed to evaluate the correlation between the Global Osteitis Scoring Scale and CT-
derived Hounsfield Units in patients with chronic rhinosinusitis to determine whether these parameters
represent complementary indicators in the radiological assessment of sinonasal osteitis.

METHOD
Study design

This retrospective cross-sectional study was conducted at the Central Radiology Unit and the ENT-Head
and Neck Rhinology Clinic of Dr. Saiful Anwar General Hospital, during the period of June—August 2025.

This study protocol was approved by from Dr. Saiful Anwar General Hospital ethics committee (Approval
No:400/309/K.3/102.7/2025).

Inclusion and exclusion criteria

The study subjects included adult patients (= 18 years) with a diagnosis of CRS based on the 2020 EPOS
criteria who had undergone a sinonasal-focused CT scan of the head. Patients with a history of
functional endoscopic sinus surgery (FESS), use of corticosteroids or antibiotics within four weeks prior
to examination, sinonasal malignancy with bone destruction, and a history of sinus trauma were
excluded from the study. Sampling was conducted consecutively until a minimum of 32 subjects was
reached, according to the sample size calculation for the correlation test.

GOSS and HU measurement

The CT examination was performed without contrast using a 128-slice CT scan with a multiplanar
protocol, bone window settings, high-resolution head bone kernel, and a slice thickness of 1-3 mm.
Image data in DICOM format were analyzed for GOSS assessment and bone attenuation measurement
using HU. Each paranasal sinus, including the maxillary, anterior and posterior ethmoid, sphenoid, and
frontal sinuses, was evaluated separately with a GOSS score of 0-5 based on the thickness and extent
of sinus wall involvement. To ensure measurement reliability, one head and neck subspecialist
radiologist and one ENT-Head and Neck subspecialist rhinologist performed the GOSS scoring and HU
measurements.

RESULTS

A total of 32 CRS patient data were analyzed, with each paranasal sinus—including the maxillary sinus,
anterior ethmoid sinus, posterior ethmoid sinus, sphenoid sinus, and frontal sinus—evaluated individually
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using the GOSS score with a score range of 0—-5. Of the total 156 cases of osteitis identified, the most
common location was the right anterior ethmoid sinus with 26 sinuses (16.7%), followed by the right
maxillary sinus with 23 sinuses (14.7%), the left anterior ethmoid sinus with 22 sinuses (14.1%), and left
maxillary sinus with 20 sinuses (12.8%). The highest GOSS score (score 5) was most commonly found in
the right and left maxillary sinuses, at 46.7% and 36.7%, respectively (see Table 1).

Table 1
Distribution of GOSS Scores Based on Sinus Location in Osteitis Patients
Sinuses Osteitis GOSS score
(n=156) 1 (n= 2(n=6) 3(n=83) 4(n= 5 (n=30)
24) 13)
Right frontal sinus 4(2.6%) 0 (0%) 2 2 (2.4%) 0 (0%) 0 (0%)
(33.3%)
Left frontal sinus 7 (4.5%) 0 (0%) 0 (0%) 2 (2.4%) 3 2 (6.7%)
(23.1%)
Right maxillary sinus 23 3 0 (0%) 4 (4.8%) 2 14(46.7%)
(14.7%) (12.5%) (15.4%)
Left maxillary sinus 20 3 0 (0%) 3(3.6%) 3 11(36.7%)
(12.8%) (12.5%) (23.1%)
Right anterior ethmoid 26 3 0 (0%) 23 0 (0%) 0 (0%)
sinus (16.7%) (12.5%) (27.7%)
Left anterior ethmoid 22 5 0 (0%) 17 0 (0%) 0 (0%)
sinus (14.1%) (20.8%) (20.5%)
Right posterior ethmoid 16 3 0 (0%) 12 1(7.7%)  0(0%)
sinus (10.3%) (12.5%) (14.5%)
Left posterior ethmoid 16 4 0 (0%) 11 1(7.7%)  0(0%)
sinus (10.3%) (16.7%) (13.3%)
Right sphenoid sinus 13(8.3%) 3 2 4 (4.8%) 1(7.7%)  3(10%)
(12.5%) (33.3%)
Left sphenoid sinus 9 (5.8%) 0 (0%) 2 5(6.0%) 2 0 (0%)
(33.3%) (15.4%)

The results of the correlation analysis between GOSS scores and HU values on sinonasal HRCT showed
a statistically significant correlation in the total sinus analysis (p = 0.038), with a very weak and positive
Spearman's correlation coefficient (r = 0.167; 95% Cl: 0.005-0.320) (Table 2). The positive correlation
direction indicates a tendency for HU values to increase with increasing GOSS scores. However, in
separate analyses of each sinus, no significant correlation was found between GOSS scores and HU
values (p > 0.05).
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Table 2
Correlation between HU and GOSS Score in Patients with Osteitis

Location of sinuses Independent Dependent p- R (C195%)
variable variable value

Total (= 156) GOSS score HU 0.038* 0.167 (0.005;
0.320)

Right frontal sinus (n = 4) 1.000 0.000 (-0.965;
0.965)

Left frontal sinus (n=7) 0.840 0.094 (-0.723;
0.802)

Right maxillary sinus (n = 0.119 -0.327 (-0.653;

24 0.101)

Left maxillary sinus (n = 20) 0.333 -0.228 (-0.618;
0.251)

Right anterior ethmoid 0.388 0.177 (-0238;

sinus (n = 26) 0.537)

Left anterior ethmoid sinus 0.233 0.265 (-189;

(n=22) 0.626)

Right posterior ethmoid 0.892 0.037 (-0.480;

sinus (n=16) 0.535)

Left posterior ethmoid 0.780 0.076 (-0.449 ;

sinus (n=16) 0.562)

Right sphenoid sinus (n = 0.127 -0.446 (-0.807 ;

13 0.157)

Left sphenoid sinus (n=9) 1.000 0.000 (-0.667 ;
0.667)

a Spearman correlation test ; * p-value < 0.05

DISCUSSION

Bone involvement in CRS has been reported under various terms, such as osteitis, osteomyelitis,
hyperostosis, bone hyperplasia, and neo-osteogenesis. Considering that the flat bones surrounding the
paranasal sinuses do not have bone marrow, the term osteitis is considered most appropriate. On CT
examination, CRS patients often show irregular thickening of the sinus walls accompanied by increased
bone density. Previous studies have reported a moderate positive correlation between preoperative
SNOT-20 symptom scores and bone density (HU) and ethmoid sinus wall thickness, as well as a positive
correlation between disease duration and ethmoid bone thickness, indicating that symptom severity and

disease duration are associated with sinonasal bone remodeling.’" Other studies also show that CRS

patients with osteitis have higher total HU values than patients without osteitis.'>'3
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In this study, variations in the correlation between GOSS scores and HU values were found across
various paranasal sinuses. Most patients had a GOSS score of 0, with the lowest wall thickness but the
highest average HU value. In contrast, patients with GOSS scores of 1-5, reflecting bone thickening,
showed variations in HU values between sinuses. Interestingly, in the right and left maxillary sinuses and
the right sphenoid sinus, a negative correlation trend was found, where increased thickness.

These findings are consistent with several studies reporting inconsistent results. Emre et al. (2015)
showed that CRS patients with osteitis actually had lower HU values than patients without osteitis.? Tunc
et al. (2021) also reported that changes in HU values in CRS vary, with some studies finding a decrease
in HU due to osteitis, while other studies showed an increase in HU in patients with mucosal and sinus
wall thickening. These differences are thought to be related to variations in disease progression and
bone remodeling phases between patients.’

The mechanism of osteitis in CRS is not yet fully understood. Bacterial infection and biofilm formation
are also thought to play a role through the release of inflammatory mediators that infiltrate the bone.’®
Impaired mucociliary clearance, sinus microbiota dysbiosis, epithelial barrier damage, and immune
abnormalities facilitate biofilm formation—particularly by Staphylococcus aureus and Pseudomonas
aeruginosa—which increases proinflammatory cytokines and disrupts bone remodeling processes.'®

Histopathologically, osteitis involves imbalanced osteoblast and osteoclast activity, resulting in
immature woven bone with irregular collagen arrangement.’"'® During the bone resorption phase, CT
attenuation tends to be low, while it increases during the osteogenesis phase. When both processes
occur simultaneously, bone density becomes heterogeneous, resulting in variable and inconsistent HU
values.'® Therefore, bone thickening that meets the radiological criteria for osteitis is not always
accompanied by an increase in HU values, especially when the thickening is dominated by immature

woven bone.’?

CONCLUSION AND SUGGESTION

The results of the study show that the highest average HU values were found in sinuses without bone
thickening (GOSS score 0). In sinuses with higher GOSS scores, HU values varied and did not show a
consistent pattern of increase with increasing degrees of osteitis. The analysis between GOSS scores
and HU values at the overall sinus level also did not show a statistically significant correlation. These
findings indicate that bone thickness and bone density represent different aspects of bone remodeling in
chronic sinonasal osteitis.

Based on these results, further research with a larger sample size and multicenter design is needed to
improve the statistical power and representativeness of the data. This approach is expected to clarify
the correlationn between morphological and densitometric bone parameters, while also enabling the
establishment of more accurate HU threshold values in the radiological evaluation of chronic sinonasal
osteitis
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