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INTRODUCTION
	 Chronic rhinosinusitis (CRS) is a long-term, 
multifactorial inflammatory disease of the nose and 
paranasal sinuses, characterized by the presence of at least 
two such symptoms as: olfactory dysfunction, facial pain, 
one of which must be anterior/posterior nasal discharge 
or nasal blockage that lasts for 12 weeks or greater.1 
CRS can be classified into primary and secondary CRS. 
The primary CRS is divided into two subtypes based 
on the type of inflammation, consisting of eosinophilic 
or type 2 and neutrophilic or non-type 2 CRS.1-3 CRS is 
also phenotypically divided into CRS with nasal polyps 
(CRSwNP) and CRS without nasal polyps (CRSsNP).1-3 
CRS prevalence ranged from 3% to 8.7% of the global 
population.4,5

	 Experiences of persistent or even deteriorating 
symptoms of CRS after having adequate management 
have become a global concern. Moreover, there are cases 
where the symptoms fail to improve after sinus surgery.6,7 
These conditions are called recalcitrant or refractory CRS 
(RCRS).8 Osteitis, the involvement of the newly developed 
paranasal sinus bones from the inflammatory process 
in CRS, had been considered the critical cause of RCRS 
and the high rate of revision surgeries.9 The presence 
of osteitis may also be associated with a high risk of 
increasing intraoperative bleeding due to the challenge 
of removing the thick bone. Osteitis is also associated 
with CRS severity.10 Osteitis has been identified in 51% 
of all CRS cases and 76% of patients with CRS who have 
had surgical intervention.11

	 Osteitis in CRS, together with its biomolecular 
mechanism, remains poorly understood owing to the wide 
variety of statements in the literature. Its existence is also often 

ABSTRACT
	 Chronic rhinosinusitis (CRS) is characterized by inflammation of the nasal mucosa and paranasal sinuses. 
Mucosal inflammation can induce bone remodeling leading to osteitis. Paranasal sinus osteitis is a relatively new 
clinical finding, describing changes in the bone due to inflammation that will damage the lamellar bone structure 
and new bone formation. As many as 36-53% of CRS patients have osteitis, which makes CRS difficult to cure 
despite adequate management and is related to a substantial number of revision surgeries. Understanding all the 
evidence regarding osteitis in CRS is critical in discovering effective treatments for this incurable disease. Hence, 
we summarize the essential yet well-established features of osteitis in CRS, including the updated definition, the 
role of biofilm formation along with cytokines and runt-related transcription factor 2 axis as its possible underlying 
pathogenesis, the transforming growth factor beta signaling pathway of the disease, histopathological bone changes, 
radiographic staging and scoring systems, disease impacts on the CRS severity and quality of life, as well as the most 
up-to-date treatment strategies for osteitis in CRS. These include functional or radical endoscopic sinus surgery, 
interleukin-13 inhibitors, anti-biofilm agents, high-dose intranasal corticosteroids, and other potential therapies. 

Keywords: Bone remodeling; chronic rhinosinusitis; hyperostosis; neo-osteogenesis; osteitis (Siriraj Med J 2025; 
77: 533-542)

unrecognized by clinicians. In this review, we summarize 
the updated definition, the role of biofilm formation along 
with cytokines and runt-related transcription factor 2 
(RUNX2) axis as its possible underlying pathogenesis, 
the transforming growth factor beta (TGF-β) signaling 
pathway of the disease, histopathological bone changes, 
radiographic staging and scoring systems, disease impacts 
on the CRS severity and quality of life (QoL), as well as 
the most up-to-date treatment strategies for osteitis in 
CRS.

Definition
	 Osteitis is the accepted term for the bone thickening 
of paranasal sinuses based on computed tomography 
(CT) because the underlying sinuses bones, except the 
frontal sinuses, are void of bone marrow.12 Osteitis is 
first described as the inflammation of bone that lacks 
marrow space.13 An inflammatory involvement and 
the expansion of the Haversian canal system have been 
demonstrated in animal studies.14-16 Since then, several 
human studies have contributed further to define osteitis 
better.
	 Some human histopathological studies have revealed 
no involvement of inflammatory cytokines in the osteitic 
bone.9,17,18 In contrast, other newest study demonstrated 
the eosinophils involvement in human osteitic bone and 
reported the different roles of this signaling pathway 
between CRSwNP and CRSsNP.19 Recently, there was 
also a reported association between IL-13 and osteitis in 
type 2 CRS.20 These studies suggest the involvement of 
inflammatory agents in the underlying sinus bones and 
indicate that the osteitis formation varies depending on 
the CRS classification.
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	 Eventually, based on recent evidence, osteitis in 
CRS has been temporarily defined as the development 
of new bone or neo-osteogenesis and bone remodeling 
in paranasal sinus bones. Further larger and specific 
studies need to be done to reach a consensus due to the 
controversy of whether: Osteitis is a form of isolated new 
bone formation resulting from the locally infected sinus 
mucosa rather than direct inflammation of underlying 
sinus bone; or the inflammation process in the underlying 
sinus bone serves as a storage for inflammatory cytokines, 
resulting from an expansion of the Haversian canal 
system and the infiltration of inflammatory cells into 
an augmented vascular network.

Epidemiology
	 A study by Lee et al.9 in 2006, with a sample of 
121 CRS patients, showed that 36-53% of CRS patients 
were found to have osteitis using radiological and 
histopathological criteria. Mild osteitis was found in 
73% of samples, moderate osteitis in 45%, and severe 
osteitis in 18% of samples. The incidence of osteitis was 
also shown to increase with increasing Lund-Mackay 
(LM) score. Georgalas et al.7 in 2010 also stated that 
the prevalence of bone involvement in CRS cases was 
33% in the group that had never undergone surgery, 
but increased to 75% in CRS patients with a history of 
previous surgery. Hyperostosis and heterogeneity of the 
sinus wall were seen in 63.7% of CRS patients and 10% 
in the control group, but those who met the significant 
criteria of the Global Osteitis Scoring Scale (GOSS), 
which scores more than 5, was 40% in CRS group and 
0 in the control group. CRSwNP were also seen to have 
a greater percentage of osteitis than CRSsNP (73% vs 
55%, p = 0.04).7 

Pathogenesis and molecular mechanism
Role of biofilm formation, cytokines, and RUNX2 Axis
	 The endotypes of CRS were classified based on the 
pattern of cytokine production from regulatory immune 
cells. Eosinophilic CRS, referred to as type 2 CRS, consists 
of several interleukins (ILs), including IL-4, IL-5, IL-9, 
and IL-13 cytokines regulated by Th2 cells, mast cells, 
group 2 innate lymphoid cells (ILC2s), and eosinophils. 
Non-eosinophilic or neutrophilic CRS consists of type 
1 and type 3 CRS. Type 1 CRS consists of interferon-
gamma (IFN-γ) regulated by Th1 cells, cytotoxic T cells 
(CD8+ T), natural killer (NK) cells, and group 1 innate 
lymphoid cells (ILC1s). Type 3 CRS consists of IL-17 
and IL-22, regulated by Th17 cells and group 3 innate 
lymphoid cells (ILC3s).1-3

	 Various variables, including mucociliary clearance 

dysfunction, dysbiosis of sinus microbiota, epithelial 
barrier impairment, and immune system abnormalities, 
may facilitate the invasion of pathogens, hence fostering 
infection.21-23 Infection induces an inflammatory response 
of the sinus mucosa, leading to the narrowing or complete 
obstruction of the sinus entry. Obstruction of the ostium 
reduces oxygen tension within the sinus, causing sinusitis.24 
Ostium sinus obstruction also enhances the trapping 
and buildup of mucus secretions from goblet cells. 
Interestingly, certain bacteria, particularly Pseudomonas 
aeruginosa, have special preference for living in mucus.25 
Retention of mucus together with the bacteria will trigger 
inflammatory reactions, thereby enhancing the bacterial 
activity within the sinus. Eight mucin genes have been 
detected in CRS tissues, including two membrane-bound 
mucins called MUC1 and MUC4, and six secreted mucins 
called MUC2, MUC5AC, MUC5B, MUC6, MUC7, and 
MUC8. Research have established a positive association 
between IL-13 and MUC5AC expression, showing that 
IL-13 can directly regulate mucin hypersecretion in a 
type 2 CRS.26

	 An environment with a crowded bacterial population 
in the paranasal sinuses encourages a shift in bacterial 
states from a planktonic form (free-living bacteria) to a 
sessile form (attached-living bacteria), which supports 
the process of biofilm formation.27 The primary biofilm 
formation process occurs in several stages, including 
attachment, microcolony formation, matrix production, 
and detachment.27,28 The extracellular polymeric substance 
(EPS) matrix in biofilm causes bacteria to become resistant 
to antibiotics and protects them from the host’s immune 
system.27-29 These cause the exhibit of the biofilm life 
cycle, thus promoting more bacterial colonies to grow 
and ultimately worsening the CRS. Two major bacteria 
that often play a role in biofilm formation in CRS are 
Staphylococcus aureus and P. Aeruginosa.30-32

	 High levels of pro-inflammatory cytokines that 
accumulate due to biofilm-infected sinus promote its 
infiltration process into the bone around. The interaction 
of these cytokines in the bone affects the remodeling 
process.33 Bone remodeling is a physiological process that 
equilibrates the activity of osteoclasts and osteoblasts. In 
chronic or persistent inflammation, such as in CRS, there 
exists an imbalance between osteogenesis by osteoblasts 
and bone resorption by osteoclasts.33

	 IL-13 releases, particularly in eosinophilic CRS, 
elevates the expression of runt-related transcription factor 
2 (RUNX2), which enhances osteoblast proliferation and 
activation, thereby augmenting the neo-osteogenesis 
process.34 IL-13 also inhibits the synthesis of cyclooxygenase-2 
(COX-2)-dependent prostaglandins (PG), thereby  
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reducing osteoclast production and its function in the 
bone resorption process. Increased osteoblast activity and 
decreased osteoclast production cause bone thickening, a 
typical sign of osteitis in CRS.35 IL-13 and IL-4 in cultured 
human osteoblast (hOBs) have also found to have a 
regulation effect in osteoblasts activity by increasing the 
osteoblast differentiation, collagen secretion, alkaline 
phosphatase (ALP) expression, and mineralization, 
thereby increasing neo-osteogenesis.36 However, further 
studies analyzed the role of IL-13 and other cytokines 
on osteitis formation in CRS with a large population, 
and multi-centered research, including assessing all CRS 
phenotypes, need to be investigated to avoid potential 
biases.
	 Research revealed that of all the cytokines produced 
by each endotype in CRS, only IL-4, IL-13, and IL-17 
play an essential role in osteitis in CRS through the 
mechanism of neo-osteogenesis.37 However, research has 
shown that IL-17 also induces the receptor activator of 
nuclear factor kappa-B ligand (RANKL) in osteoblasts. 
This results in inflammation and bone destruction by 
activating osteoclasts in other chronic inflammatory 
diseases, such as rheumatoid arthritis. This finding resulted 
in a mixture of mechanisms between neo-osteogenesis 
and osteolysis in non-eosinophilic CRS.37,38 Therefore, it 
also explains why the prevalence of neo-osteogenesis is 
higher in eosinophilic CRS than in non-eosinophilic.20

Role of TGF-β signaling pathway
	 Transforming growth factor beta (TGF-β) is a 
multifunctional cytokine with three isoforms: TGF-β1, 
TGF-β2, and TGF-β3, which interact with membrane 
R types I, II, and III.39 The TGF-β1 is involved in airway 

pathologies and plays a different role in mucosal and bone 
tissues in CRS patients.40 TGF-β1 in mucosal tissue is 
elevated in CRSsNP but diminished in CRSwNP.41,42 In 
contrast, TGF-β1 levels were elevated in CRSwNP bone 
specimens and exhibited a correlation with osteitis bone 
grading when compared to CRSsNP, as determined by 
reverse transcription polymerase chain reaction (RT-
PCR) and immunohistochemistry (IHC) staining.19

	 Previously in 2003, Park et al.43 reported that 
TGF-β could significantly reduce COX-2 mRNA levels. 
Moreover, Takai et al.44 in 2013 demonstrated that TGF-β1 
induced downregulation of COX-2, leading to decreased 
synthesis of PGE2. These results indicate that the TGF-β 
signaling pathway is upregulated during the osteitic bone 
remodeling process in CRSwNP. Wang et al.19 in 2015 
noted markedly elevated levels of TGF-β1 RI together with 
high messenger ribonucleic acid (mRNA) and protein 
expression of TGF-β1, in the osteitic ethmoid bone of 
CRSwNP patients relative to control and CRSsNP groups. 
TGF-β1 expression was observed in eosinophils and 
osteoblasts of the CRSwNP group, but was infrequently 
detected in the control and CRSsNP groups. However, 
this preliminary study needs further research with 
larger sample sizes and specific analyses. The summary 
of the pathogenesis of osteitis in CRS can be seen in  
Fig 1.

Diagnosis
Histopathological bone changes
	 Histology is an examination that is considered to 
be the most accurate diagnosing method for a disease 
accompanied by structural changes such as osteitis. The 
histopathological findings of osteitis in CRS include 

Fig 1. Summary of the pathogenesis 
of osteitis in chronic rhinosinusitis 
associated with biofilm formation and 
immune reaction.
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thickening of the periosteum, increased activity of 
osteoblast-osteoclast characterized by the presence of 
osteoblast or multinucleated osteoclast, dominated woven 
bone formation of total bone thickness, and fibrosis.45 
Newly formed bone in osteitis is a form of immature 
woven bone with a weaving arrangement of collagen 
fibers, making it more flexible and weaker than the 
mature lamellar bone with strong structured collagen 
fibers.46 

Radiographic staging systems
	 Although histological examination provides a precise 
way to diagnose osteitis, radiological investigations 
are generally performed to diagnose osteitis in CRS. 
The neo-osteogenesis criteria for osteitis in CRS are 
bone thickening of more than 3 mm with a density of 
more than 500 Hounsfield units (HU) in CT measures  
(Table 1).9,45,47-50 A study by Lee et al. in 2006 reported 
that CT imaging showed neo-osteogenesis in 36% of 

patients while 53% showed histopathological evidence of 
osteitis of bone specimens.9 An example of a CT image 
of osteitis in a patient with CRS can be seen in Fig 2.
	 Single-photon emission computed tomography 
(SPECT) is a nuclear medicine imaging technology that 
employs the intravenous administration of radioactive 
isotopes prior to imaging.51 SPECT is a more sensitive 
method for detecting acute or mild bone remodeling; in 
contrast, CT observed only a significant thickening of 
bone density that is usually considered chronic or severe.51 

SPECT may detect milder instances of osteitis, hence 
averting revision procedures resulting from the ongoing 
disease progression.49 Nonetheless, compared to CT, 
SPECT is probably impractical for a regular application 
owing to its elevated cost, extended procedural duration, 
and increased invasiveness resulting from exposure to 
radioactive isotopes or contrast agents.51,53 The SPECT 
imaging had a specificity of 66.7% and positive predictive 
value of 96.9% in detecting osteitis in CRS, compared 
to histopathologic bone changes.53

Scoring systems
	 Currently, there are widely accepted and agreed-
upon osteitis assessment criteria. Some of them are 
Kennedy Osteitis Score (KOS), GOSS, and Modified GOSS. 
Original KOS classified the osteitis as mild, moderate, 
or severe depending on the extent of bony thickness on 
all sinuses except the frontal sinuses. GOSS assesses ten 
sinuses with an addition of the percentage of sinus wall 
involvement, while Modified GOSS only assesses four 
sinuses.54

	 The severity of osteitis can be graded using the GOSS, 
the current most validated radiological grading system 
based on CT imaging.7,11 GOSS is the best scoring system 
in detecting extensive bone changes in the paranasal sinus 
walls, because in addition to severity, the percentage of 
bone involvement is also measured. When using GOSS, 
clinicians must evaluate for loss of bone definition, 
hyperostosis, new bone formation, or signs of heterogeneity 
in each paranasal sinus wall.54 The maximum thickness 
area of the osteitic bone of each sinus is measured and 
then assigned as grading from 0 to 5, as seen in Table 2. 
The possible range of GOSS is between 0 and 50, based 
on the total or global osteitis score of all ten sinuses.7 

Higher grades indicate greater osteitis severity.

Disease impacts
CRS severity
	 Osteitis grade has proven to have a proportional 
correlation to the increased CRS severity.55 The LM 
scoring system is a diagnostic instrument utilized to 

Fig 2. A computed-tomography image of osteitis in a chronic 
rhinosinusitis patient showed 3.5 mm bone thickening with a density 
of 720±173 Hounsfield units around the maxillary sinus.

TABLE 1. Osteitis severity based on the bone thickness 
of computed tomography measurement.

Osteitis Severity	 Bone Thickness (mm)

Not Significant	 <3

Mild	 3

Moderate	 4-5

Severe	 >5
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18
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TABLE 2. Global osteitis scoring scale.

Total score interpretation: <5 = not significant; 5-20 = mild; 20-35 = moderate; >35 = severe

Osteitis Grade	 Involvement of Sinus Wall (%)	 Bone Thickness (mm)

1	 <50	 <3

2	 <50	 3-5

3	 <50	 >5

3	 >50	 <3

4	 >50	 3-5

5	 >50	 >5

evaluate the severity of CRS.56 Higher scores indicate 
greater CRS severity. Studies have demonstrated the 
association between the LM scoring system and the 
GOSS score.9,20,55,57,58 CRS patients with osteitis have 
been reported to have worse baseline disease severity 
compared to CRS patients without osteitis, as measured 
by several diagnostic examinations, including endoscopy, 
CT imaging, or olfactory function assessment.55

Quality of life
	 An earlier study reported that osteitis significantly 
affected the QoL along with its severity.59 The most widely 
accepted subjective assessment for assessing QoL in CRS 
patients is the Sinonasal Outcome Test-22 (SNOT-22), 
a derivative of the SNOT-16 and SNOT-20.60 Unlike the 
previous versions, the symptoms of nasal obstruction and 
loss of smell and/or taste have been added in SNOT-22, 
with possible total scores between 0 and 110.61 However, 
a previous study reported no association between osteitis 
and the QoL.55 Potential confounding factors, such as 
CRS phenotype or comorbidities, should be of greater 
concern to researchers to obtain more accurate conclusions 
regarding the relationship between osteitis and QoL.

Treatment strategies
Surgical techniques
	 Surgical treatment under endoscopic sinus surgery 
(ESS) has become the standard treatment for treating 
osteitis in CRS, with experts recommending removing 
osteitic bone wherever feasible.62 The two best-known 
surgical techniques for osteitis are functional ESS (FESS) 
and radical ESS (RESS). FESS focused on removing 
any causes of sinus obstruction, including the osteitic 
bone, thus improving the ventilation and function of the 
sinus.63 RESS focused on resecting all walls between the 

nasal fossa and paranasal sinuses, resulting in a singular 
extensive cavity.64,65 Although RESS is not widely used 
in clinical practice due to the possible physiological 
function of sinus impairment, a study conducted by 
Wang et al. in 2021 has reported the effectiveness of RESS 
compared to FESS, in which RESS provided a lower LM 
score than in the FESS group one year after surgery.65 

In contrast, a recent study conducted by Aldajani et al. 
in 2024 has reported no significant differences between 
RESS and Primary Endoscopic Sinus Surgery (PESS), a 
comprehensive full-house FESS, in 12 months follow-up 
period.66 These results indicated that a longer follow-up 
duration and a better study design needs to be conducted 
to determine the effectiveness of RESS and FESS for 
osteitis management in CRS.

Potential biologic agents
	 IL-13 is a natural pro-inflammatory cytokine highly 
secreted in eosinophilic CRS, including CRSwNP or CRSsNP, 
but especially in CRSwNP.67 IL-13 in CRS binds to the 
IL-13 alpha 2 receptor (IL-13Rα2) in sinonasal epithelial 
cells.68 Research has shown that IL-13Rα2 receptors in 
CRS patients with osteitis are higher than in healthy 
patients.37 It implied that IL-13 plays a significant role 
in osteitis formation in CRS. In addition, it also can be 
hypothesized that eosinophilic CRS patients with osteitis 
are more likely to experience RCRS caused by the high 
level of IL-13 and the large number of IL-13Rα2 receptors, 
which support the severity of osteitis in CRS. Therefore, 
inhibition of IL-13 is one of the effective strategies that 
can be explored and developed to prevent the occurrence 
of osteitis in eosinophilic CRS, which can ultimately 
reduce the incidence of RCRS. Khalmuratova et al.67 in 
2020 proved that resveratrol suppressed the expression 
of IL-13, RUNX2, and osteoblasts in a mouse model of 
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CRS induced by 3% ovalbumin and 10 ng Staphylococcal 
enterotoxin B (OVA/SEB). Further studies or clinical 
trials examining the efficacy of IL-13 inhibitors in CRS 
patients with osteitis are awaited.

Additional possible therapies
	 Mukerji et al.69 in 2009 demonstrated a placebo-
controlled trial in 77 CRS patients receiving Lactobacillus 
rhamnosus or placebo orally for four weeks. Results 
revealed that L. rhamnosus is an ineffective adjuvant 
therapy for CRS, as there were no significant differences 
in SNOT-20 scores between the L. rhamnosus group and 
the placebo group. Other research, such as the application 
of baby shampoo irrigation, has shown considerable 
enhancement in CRS patients following FESS. However, 
it also resulted in several intolerable side effects, including 
nasal burning and headaches, making baby shampoo a 
less feasible treatment option for CRS.70

	 Alandejani et al.71 in 2009 reported the significant 
bactericidal effect of Manuka honey against planktonic and 
biofilm forms of S. aureus and P. aeruginosa. Methylglyoxal 
(MGO) is the main active ingredient found in Manuka 
honey. MGO has been reported to be able to reduce 
biofilm biomass at 1.8 mg/mL and 3.6 mg/mL in a sheep 
model for CRS.72 However, animal studies demonstrated 
that MGO given alone had more toxic effects, such as 
metaplasia of respiratory epithelium and severe sinus 
inflammation, compared with MGO given with Manuka 
honey. This result suggests that MGO does not have 
its effects alone and requires the other components in 
Manuka honey to provide significant advantages.71,72 

	 Jervis-Bardy et al.73 in 2012 performed a randomized 
controlled clinical trial involving 25 RCRS patients 
following FESS. Patients were randomized to receive 
twice-daily nasal rinses for one-month with either 0.05% 
Mupirocin or oral Augmentin. After one month, negative 
culture results were observed in 89% of the mupirocin 
group, whereas the placebo group exhibited 0% findings. 
However, re-evaluation in the mupirocin cohort at two 
to six months revealed positive culture results for S. 
aureus in 83.3% of individuals. 
	 Kurasirikul et al.74 in 2014 performed a retrospective 
cohort study of 38 children with CRS given gentamicin nasal 
irrigation. The results showed significant improvements in 
several parameters, such as nasal congestion, rhinorrhea, 
itching, post-nasal drip, purulent nasal discharge, halitosis, 
chronic cough, sneezing, and anosmia. However, further 
longer follow-up and RCT studies should be performed 
to better assess the efficacy and toxicity.
	 Several researchers have reported the concept 
of biofilm-induced CRS.75-77 Previous human studies 

reported the correlation between the volume of bacterial 
biofilm and the severity of osteitis in CRS.78 Hadi et al.79 
in 2019 revealed antimicrobial and antibiofilm effects 
of the Indonesian ethanolic extract of propolis Trigona 
spp. (IEEP-TRI) against S. aureus isolated from CRS 
patients using two-dimensional confocal laser scanning 
microscopy (CLSM). IEEP-TRI also showed a reduction 
effect in autoinducer peptides (AIP), the quorum-sensing 
molecules secreted by S. aureus in the biofilm-associated 
CRS mechanism.
	 High doses of intranasal corticosteroids (INCS), 
including Fluticasone 400 μg/200 μL, Budesonide 750-
2000 μg/200 μL, and Mometasone 200-400 μg/200 μL, 
had been shown to have a direct in vitro effect in reducing 
biofilm biomass by up to 99%.80 These findings elucidate 
a novel mechanism of action of INCS against biofilm 
in CRS, thus preventing the formation of osteitis and 
necessitating further investigation.

CONCLUSION 
	 Osteitis is characterized by neo-osteogenesis of 
woven bone around the infected paranasal sinus and is 
regarded as a complex condition related to CRS severity 
and QoL. Osteitis in CRS is linked to biofilm formation, 
inflammatory cytokine presence, RUNX2 regulation, 
and TGF-β signaling. Diagnostic tools include both 
histopathological and radiographic staging and scoring 
systems. Therapy involves surgical interventions such 
as FESS or RESS. IL-13 inhibitors, anti-biofilm agents, 
and high-dose INCS present possible mechanisms 
of action against osteitis in CRS. Thus, future studies 
necessitate a better understanding of the inflammatory 
involvement in the underlying sinus bones of CRS, 
alongside additional investigations into its pathogenesis 
and molecular mechanisms in human clinical trial studies 
in large sample sizes, so that it may aid the discovery of 
novel therapeutic agents for the disease. Future long-term 
clinical efficacy studies with well-designed randomized 
controlled trials (RCTs) are also needed to assess their 
sustained benefits and safety.
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