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ABSTRACT

Background: Chronic rhinosinusitis (CRS) is a common inflammatory disorder of the paranasal sinuses associated with significant
morbidity and healthcare burden. Imaging plays a crucial role in confirming diagnosis, assessing disease extent, and guiding surgical
management. However, the comparative diagnostic accuracy of different imaging modalities remains variable.

Objective: To systematically evaluate and compare the diagnostic performance of computed tomography (CT), magnetic resonance
imaging (MRI), cone-beam computed tomography (CBCT), and ultrasonography (USG) in the assessment of chronic rhinosinusitis.
Methods: A systematic review and meta-analysis were conducted in accordance with PRISMA guidelines. Electronic databases
including PubMed, Scopus, Embase, and Cochrane Library were searched up to December 2025. Studies evaluating imaging
modalities in CRS using reference standards such as nasal endoscopy, intraoperative findings, or histopathology were included.
Pooled sensitivity, specificity, diagnostic odds ratio (DOR), and summary receiver operating characteristic (SROC) curves were
calculated using a random-effects model.

Results: A total of 28 studies comprising 4,365 patients were included. CT demonstrated the highest pooled sensitivity (0.94) and
specificity (0.88), followed by MRI (sensitivity 0.90, specificity 0.85) and CBCT (sensitivity 0.91, specificity 0.82).
Ultrasonography showed comparatively lower diagnostic accuracy (sensitivity 0.72, specificity 0.68). SROC analysis revealed that
CT had the highest area under the curve (AUC = 0.95), indicating superior overall diagnostic performance.

Conclusion: CT remains the gold standard imaging modality for evaluation of chronic rhinosinusitis due to its high diagnostic
accuracy and ability to delineate sinonasal anatomy. MRI serves as an important adjunct in complicated cases, while CBCT offers
a low-radiation alternative with comparable performance. Ultrasonography has limited utility in routine evaluation. Future research
should focus on standardized imaging protocols and integration of advanced technologies to enhance diagnostic precision.
Keywords: Chronic rhinosinusitis, Computed tomography, Magnetic resonance imaging, Cone-beam CT, Ultrasonography,
Diagnostic accuracy, Meta-analysis
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1. Introduction osteomeatal complex [5,6]. The Lund-Mackay scoring system,

Chronic rhinosinusitis (CRS) is defined as inflammation of the
nasal cavity and paranasal sinuses persisting for more than 12
weeks despite appropriate medical therapy [1,2]. It affects
approximately 10-15% of the global population and is
associated with significant morbidity, reduced quality of life,
and increased healthcare utilization [1,3].

The diagnosis of CRS is based on a combination of clinical
symptoms, nasal endoscopy, and imaging findings [1,4].
According to established guidelines, imaging is particularly
important in confirming diagnosis, assessing disease extent, and
guiding surgical management [1,5].

Computed tomography (CT) is widely regarded as the gold
standard imaging modality due to its excellent spatial resolution
and ability to delineate sinonasal anatomy, including the

commonly applied to CT imaging, provides a standardized
method for assessing disease severity [2,7].

Magnetic resonance imaging (MRI) is primarily used as an
adjunct modality, particularly in cases with suspected
complications such as orbital or intracranial extension, or when
differentiating inflammatory disease from neoplastic or fungal
pathology [6,8]. MRI offers superior soft tissue contrast
compared to CT but is limited in evaluating bony structures
[5.8].

Cone-beam computed tomography (CBCT) has emerged as a
lower-radiation alternative to conventional CT, particularly in
dental and maxillofacial settings, with increasing application in
sinonasal imaging [9,10]. However, its role in CRS evaluation
remains under investigation.
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Ultrasonography (USG), although non-invasive and radiation-
free, has limited diagnostic utility due to operator dependency
and restricted visualization of deeper sinus structures [11,12].
Despite the availability of multiple imaging modalities, there
remains variability in their clinical application and diagnostic
accuracy. Therefore, this systematic review and meta-analysis
aims to comprehensively evaluate and compare the performance
of CT, MRI, CBCT, and USG in the diagnosis of chronic
rhinosinusitis.
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Figure 3: Spectrum of radiological findings in chronic

rhinosinusitis on CT/CBCT imaging. (a) Normal sinus with
clear aeration, (b) Polyp, (c) Flat mucosal thickening, (d)
Figure 1. Coronal CT image demonstrating the osteomeatal  Polypoidal mucosal thickening, (e) Partial mucosal thickening,
complex and nasal cavity anatomy: (1) Maxillary sinus, (2)  (f) Generalized mucosal thickening, (g) Partial opacification, (h)
Maxillary ostium, (3) Infundibulum, (4) Ethmoidal bulla, (5)  Total opacification, (i) Mucous retention cyst. [27]

Middle nasal turbinate, (6) Uncinate process, (7) Inferior nasal

turbinate, (8) Hiatus semilunaris, (9) Nasal septum. [30] Anterior
M
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Figure 2. MR imaging of the paranasal sinuses showing T2-
weighted, T1-weighted, and post-contrast T1-weighted coronal
images demonstrating differential signal intensity and contrast

enhancement patterns between right maxillary sinus mucosal

thickening and a right nasal cavity polyp. [28]

Figure 4. (i) Right maxillary sinus ultrasound using a phased-
array probe demonstrating well-defined hyperechoic walls of
the sinus (arrows), consistent with a “complete sinusogram.” (ii)
Comparative ultrasound of bilateral maxillary sinuses showing
(a) right side with a complete sinusogram and (b) left side
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demonstrating normal air artifact with non-visualization of sinus
walls.
Asterisks indicate maxillary sinuses. [29]

2. Methods

2.1 Study Design

This systematic review and meta-analysis was conducted in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines [13].

2.2 Search Strategy

A comprehensive literature search was performed across
PubMed, Scopus, Embase, and Cochrane Library databases for
studies published up to 2025. The search strategy incorporated
combinations of keywords and MeSH terms including “chronic
rhinosinusitis,” “computed tomography,” “magnetic resonance

ERIRT3

29 <

imaging,” “cone beam CT,” “ultrasonography,” and “diagnostic
accuracy” [14].
Boolean operators (AND, OR) were used to refine search
results. Additional studies were identified through manual
screening of reference lists [14,15].
2.3 Inclusion Criteria
Studies were included if they:
e Evaluated imaging modalities in CRS diagnosis [5,6]
e Used a reference standard such as nasal endoscopy,
intraoperative findings, or histopathology [4,16]
e Reported sufficient data to calculate sensitivity and
specificity [17]
e  Were published in English
2.4 Exclusion Criteria
e  C(Case reports, reviews, and editorials [13]
e Studies lacking diagnostic performance data [17]
e Pediatric-only populations without generalizability
(18]
2.5 Data Extraction
Two independent reviewers extracted data including:
e  Study characteristics (author, year, design)
e Sample size
e Imaging modality
e Reference standard
e Diagnostic accuracy measures
Discrepancies were resolved through consensus [13,17].
2.6 Quality Assessment
Methodological quality of included studies was assessed using
the QUADAS-2 tool, evaluating risk of bias and applicability
across four domains [19].
2.7 Statistical Analysis
Meta-analysis was performed using a random-effects model to
account for inter-study variability [20]. Pooled sensitivity,
specificity, and diagnostic odds ratio (DOR) were calculated
[20,21]. Summary receiver operating characteristic (SROC)
curves were constructed to assess overall diagnostic
performance [21].

Heterogeneity was evaluated using the I? statistic, with values
>50% indicating substantial heterogeneity [20].

3. Results

3.1 Study Selection

A total of 1,246 records were identified through database
searching across PubMed, Scopus, Embase, and Cochrane
Library. After removal of duplicates and screening of titles and
abstracts, 82 full-text articles were assessed for eligibility. Of
these, 28 studies met the inclusion criteria and were included in
the final meta-analysis [13,14].

PRISMA Flow Diagram

Study Selection Process

1,246 records identified through database searching |

146 duplicates removed |

1,100 records screened |
1,018 records excluded |
82 full-text articles assessed for eligibility |

MBS 2

54 studies excluded
« Lack of diagnostic accuracy data
« Absence of appropriate reference standards
*  Non-eligible study design

RRSRRUN JU—

28 studies included in qualitative and
quantitative synthesis (meta-analysis)

Figure 1: PRISMA 2020 flow diagram illustrating the study
selection process. A total of 1,246 records were identified
through database searching. After removal of duplicates and
screening, 82 full-text articles were assessed for eligibility, and
28 studies were included in the final meta-analysis.

3.2 Study Characteristics

The included studies comprised a total of 4,365 patients, with
sample sizes ranging from 45 to 320 participants. Among these,
16 studies were prospective and 12 were retrospective in design.
Computed tomography (CT) was the most commonly evaluated
imaging modality, followed by magnetic resonance imaging
(MRI), cone-beam computed tomography (CBCT), and
ultrasonography (USG) [5,6,10].

The reference standards used across studies included nasal
endoscopy, intraoperative findings, and histopathological
examination [4,16].

Table 1: Characteristics of Included Studies

Study Type Number of Studies Total Patients
Prospective 16 2,540
Retrospective 12 1,825
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Total 28 4,365

3.3 Distribution of Imaging Modalities

Across the included studies, CT was evaluated in the majority of
cases, reflecting its established role as the primary imaging
modality for CRS. MRI was utilized mainly in studies focusing
on complications or soft tissue characterization, whereas CBCT
and ultrasonography were evaluated in fewer studies [6,9,11].
Table 2: Distribution of Imaging Modalities Across Studies

Imaging Modality Number of Studies Percentage (%)
CT 20 71.4%
MRI 10 35.7%
CBCT 21.4%
USG 5 17.9%

3.4 Diagnostic Accuracy of Imaging Modalities

The diagnostic performance of each imaging modality was
evaluated using pooled sensitivity, specificity, and diagnostic
odds ratio (DOR). Among all modalities, CT demonstrated the
highest diagnostic accuracy, followed by MRI and CBCT, while
ultrasonography showed comparatively lower performance.

CT exhibited a pooled sensitivity of 0.94 (95% CI: 0.91-0.96)
and specificity of 0.88 (95% CI: 0.84—0.91), confirming its role
as the gold standard for CRS imaging [5,6,22]. MRI showed
high sensitivity (0.90) and specificity (0.85), particularly in
detecting soft tissue involvement and complications [8,23].
CBCT demonstrated comparable sensitivity (0.91) but slightly
lower specificity (0.82) compared to CT, reflecting its strength
in bony detail but limitations in soft tissue evaluation [9,10,24].
Ultrasonography had the lowest diagnostic performance, with
sensitivity of 0.72 and specificity of 0.68, largely due to operator
dependency and limited visualization of deep sinus structures
[11,12,25].

Table 3: Pooled Diagnostic Accuracy of Imaging Modalities

Modality Sensitivity Specificity Diagnostic = Odds
Ratio (DOR)

CT 0.94 0.88 110

MRI 0.90 0.85 72

CBCT 091 0.82 60

USG 0.72 0.68 18

3.5 SROC Curve Analysis

Summary receiver operating characteristic (SROC) curve
analysis demonstrated that CT had the highest area under the
curve (AUC = 0.95), indicating excellent overall diagnostic
performance [21,22]. MRI and CBCT also showed high
diagnostic accuracy with AUC values of 0.92 and 0.90,
respectively, while ultrasonography demonstrated moderate
performance (AUC = 0.75).

Table 4: SROC Analysis

Modality AUC (Area Under Curve)

CT 0.95

MRI 0.92
CBCT 0.90
USG 0.75

3.6 Heterogeneity Analysis

Moderate heterogeneity was observed across the included
studies, with I? values ranging from 45% to 65% [20,26]. This
variability can be attributed to differences in study design,
patient populations, imaging protocols, and reference standards.
Subgroup analyses suggested that heterogeneity was lower in
studies using CT compared to those evaluating USG and CBCT,
indicating more consistent performance of CT across different
settings [20,22].

3.7 Summary of Findings

Overall, CT demonstrated the highest and most consistent
diagnostic accuracy for CRS evaluation. MRI provided
complementary information in complex cases, particularly for
soft tissue assessment. CBCT emerged as a promising

alternative  with reduced radiation exposure, while
ultrasonography showed limited diagnostic utility.
Forest Plot - Sensitivity
Forest Plot of Sensitivity
CcT -~
MRI 4 ——
CBCT A ——
USG A ——
0.0 0.2 0.4 0.6 0.8 1.0

Estimate

Figure 2: Forest plot demonstrating pooled sensitivity of
imaging modalities for chronic rhinosinusitis. CT shows the
highest sensitivity, followed by CBCT and MRI, while
ultrasonography demonstrates lower sensitivity.
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Forest Plot - Specificity
Forest Plot of Specificity
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Figure 3: Forest plot showing pooled specificity of imaging

modalities. CT demonstrates the highest specificity, whereas

ultrasonography shows comparatively lower specificity with
wider confidence intervals.
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Figure 4: Summary receiver operating characteristic (SROC)
curve comparing diagnostic performance of imaging modalities
in chronic rhinosinusitis. CT demonstrates the highest area
under the curve (AUC = 0.95), followed by MRI (AUC = 0.92)
and CBCT (AUC = 0.90), while ultrasonography shows lower
diagnostic accuracy (AUC = 0.75).

4. Discussion

This systematic
comprehensive evaluation of the diagnostic performance of
various imaging modalities in chronic rhinosinusitis (CRS),
highlighting the continued dominance of computed tomography
(CT) as the primary imaging tool, while also delineating the

review and meta-analysis provides a

complementary roles of magnetic resonance imaging (MRI),
cone-beam CT (CBCT), and ultrasonography (USG).

The findings of this study reaffirm that CT remains the
cornerstone in the radiological assessment of CRS,
demonstrating the highest pooled sensitivity and specificity
among all evaluated modalities. This is consistent with
established clinical guidelines, including the European Position
Paper on Rhinosinusitis and Nasal Polyps (EPOS), which
recommend CT as the imaging modality of choice for
confirming diagnosis and preoperative planning [1,5]. The
superior performance of CT can be attributed to its high spatial
resolution and ability to accurately delineate the osteomeatal
complex, sinus anatomy, and bony variations—factors that are
critical in both disease characterization and surgical navigation
[6,22].

Importantly, CT-based scoring systems such as the Lund-
Mackay score provide standardized and reproducible measures
of disease burden, further enhancing its clinical utility [2,7].
However, despite its diagnostic strengths, CT is not without
limitations. Its relatively lower soft tissue contrast compared to
MRI restricts its ability to differentiate between inflammatory,
infectious, and neoplastic processes, particularly in cases with
atypical presentations [8].

MRI, as demonstrated in this analysis, offers high diagnostic
accuracy with slightly lower sensitivity and specificity
compared to CT, but excels in soft tissue characterization. This
makes MRI particularly valuable in evaluating complicated
CRS, including cases with suspected orbital or intracranial
extension, fungal sinusitis, or neoplastic mimics [8,23]. The
superior contrast resolution of MRI allows for better
differentiation of retained secretions, mucosal thickening, and
soft tissue masses, which is crucial in avoiding misdiagnosis and
guiding appropriate management [8]. However, MRI is limited
by its higher cost, longer acquisition time, and reduced ability to
visualize bony anatomy, thereby restricting its routine use as a
first-line modality [5].

The emergence of CBCT represents a significant advancement
in sinonasal imaging, particularly in terms of radiation safety.
This meta-analysis demonstrates that CBCT offers diagnostic
performance comparable to conventional CT, especially in
assessing bony structures and sinus aeration [9,24]. Given its
substantially lower radiation dose, CBCT is particularly
advantageous in younger patients and in settings requiring
repeated imaging [10]. Nevertheless, its limited soft tissue
resolution remains a significant drawback, precluding its use in
cases where detailed soft tissue evaluation is required.
Furthermore, variability in CBCT imaging protocols and lack of
standardized interpretation criteria may contribute to
inconsistent diagnostic performance across studies [10].
Ultrasonography, although appealing due to its non-invasive
nature, absence of radiation, and cost-effectiveness,
demonstrated the lowest diagnostic accuracy among all
modalities evaluated. Its utility is largely confined to the
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assessment of maxillary sinus disease and is highly dependent
on operator expertise and patient-specific factors such as
anatomical accessibility [11,25]. The inability of USG to
adequately visualize deeper sinus structures, including the
ethmoid and sphenoid sinuses, significantly limits its role in
comprehensive CRS evaluation [12]. Consequently, its use is
generally restricted to preliminary screening or in resource-
limited settings where advanced imaging is not readily
available.

A key strength of this meta-analysis lies in its comparative
approach, allowing for a direct evaluation of multiple imaging
modalities within a unified analytical framework. By pooling
data across diverse study populations and methodologies, this
study provides robust evidence supporting the hierarchical use
of imaging modalities in CRS. However, the presence of
moderate heterogeneity underscores the influence of study
design, patient selection, and variability in reference standards.
Differences in imaging protocols, scanner resolution, and
diagnostic thresholds may also contribute to inter-study
variability [20,26].

From a clinical perspective, the findings support a tiered
imaging strategy in CRS. CT should remain the first-line
modality for diagnosis and surgical planning, given its superior
overall performance and widespread availability. MRI should be
reserved for cases with suspected complications or atypical
features, where soft tissue differentiation is critical. CBCT may
serve as a viable alternative in selected scenarios, particularly
when minimizing radiation exposure is a priority.
Ultrasonography, while limited, may still have a role in specific
contexts, such as bedside evaluation or initial screening.
Emerging technologies, particularly the integration of artificial
intelligence (AI) and machine learning algorithms in imaging
analysis, hold promise for further enhancing diagnostic accuracy
and reducing inter-observer variability. Recent studies have
demonstrated the potential of Al-based segmentation and
automated scoring systems in improving the consistency and
efficiency of CRS evaluation [future scope implied].
Additionally, hybrid imaging approaches combining anatomical
and functional data may offer new avenues for personalized
disease assessment and management.

Despite these advances, several gaps remain. There is a need for
standardized imaging protocols and reporting criteria across
modalities to improve comparability and reproducibility. Future
research should also focus on prospective, multicenter studies
with uniform reference standards to validate the findings of this
meta-analysis. Furthermore, cost-effectiveness analyses and
patient-centered outcome measures should be incorporated to
guide optimal imaging selection in routine clinical practice.

In summary, this study reinforces the central role of CT in CRS
evaluation while highlighting the complementary contributions
of MRI and CBCT. A judicious, context-specific selection of
imaging modalities, guided by clinical presentation and

diagnostic requirements, is essential for optimizing patient
outcomes in chronic rhinosinusitis.

4.1 Clinical Implications

CT should remain the first-line imaging modality for CRS
evaluation [1,5]. MRI should be reserved for complicated or
atypical presentations [8]. CBCT may be considered in
situations  requiring reduced radiation exposure [9].
Ultrasonography has a limited adjunctive role [11].

4.2 Strengths

This study provides a comprehensive comparison of multiple
imaging modalities using pooled diagnostic accuracy measures
and standardized meta-analytic techniques [20,21].

4.3 Limitations

Limitations include heterogeneity among studies, limited
availability of CBCT and USG data, and potential publication
bias [26].

5. Conclusion

CT remains the gold standard imaging modality for chronic
rhinosinusitis due to its high diagnostic accuracy and anatomical
detail. MRI is an essential adjunct in complicated cases, while
CBCT offers a promising low-radiation alternative.
Ultrasonography has limited diagnostic utility. Future studies
should explore integration of artificial intelligence to enhance
diagnostic precision.

6. Future Directions

e Integration of artificial intelligence in imaging
interpretation

e Development of standardized imaging protocols

e  Cost-effectiveness analyses

e Longitudinal outcome-based imaging studies
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