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Abstract 

Background and Aims: Head and neck tumors, primarily squamous cell carcinomas, pose 

significant diagnostic and therapeutic challenges due to their anatomical complexity. Early 

detection and precise staging are crucial for improved outcomes. This study aimed to assess 

the diagnostic accuracy and clinical utility of advanced imaging modalities, including 

computed tomography (CT), functional MRI, MR spectroscopy, positron emission 

tomography-computed tomography (PET-CT), and optical coherence tomography (OCT), in 

managing head and neck malignancy. 

Methods: A prospective, single-centre study was conducted over 18 months with 80 patients 

clinically suspected or confirmed to have head and neck malignancies. Ethical approval and 

informed consent were obtained. Patients underwent standardized imaging with Computed 

Tomography, functional MRI, MR spectroscopy, PET-CT, and Optical Coherence 

Tomography. Statistical analysis included sensitivity, specificity, and predictive values, with 

comparisons to histopathological findings. A p-value <0.05 was considered statistically 

significant. 

Results: The majority of patients (62.5%) were male, with advanced-stage disease (56.2%). 

Optical Coherence Tomography demonstrated the highest specificity (95%) and accuracy 

(93.5%), while PET-CT had superior sensitivity (95%). Radiological evaluations reclassified 

12.5% of patients, influencing treatment plans in 25% of cases. Accurate staging was 

achieved in 93.8% of patients, with early metastasis detection in 62.5%. 

Conclusion: We concluded that integrating advanced imaging modalities significantly 

improves diagnostic precision, staging, and management of head and neck malignancy. 

Multimodal imaging is essential for optimizing therapeutic outcomes and enhancing 

personalized treatment strategies. 

 

Keywords: Head and Neck Malignancy, PET-CT, Optical Coherence Tomography, 

Functional MRI, MRI Spectroscopy. 
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1. INTRODUCTION 

 

Head and neck tumors are a diverse group of malignancies, primarily squamous cell 

carcinomas, that pose significant challenges in detection and treatment due to their complex 

anatomical location and proximity to critical structures. Early and accurate diagnosis is 

essential, as it directly influences prognosis and therapeutic outcomes. The integration of 

radiology into ENT practice has transformed the management of these tumors by offering 

non-invasive, precise diagnostic modalities that complement traditional clinical methods [1]. 

Advanced imaging techniques, including computed tomography (CT), functional MRI 

(fMRI), MR spectroscopy, Positron emission tomography-Computed tomography (PET/CT), 

and Optical coherence tomography (OCT), have become indispensable for detecting, staging, 

and monitoring head and neck cancers. Computed Tomography plays a significant role in 

visualizing tumor extent, while fMRI and MR spectroscopy are particularly useful in 

assessing the functional and biochemical properties of tumors, enabling precise evaluation of 

tumor activity and metabolism [1, 2]. PET/CT has emerged as the gold standard for 

identifying occult metastases and distant disease, offering superior sensitivity and specificity 

compared to traditional imaging methods [3, 4]. 

Optical coherence tomography (OCT) is a promising modality, especially in early detecting 

of head and neck tumours. It is increasingly used in conjunction with Computed Tomography, 

fMRI, and MR spectroscopy to improve diagnostic accuracy in clinically challenging cases. 

Optical coherence tomography provides detailed imaging of epithelial tissues, making it an 

effective tool for evaluating tumor margins and early-stage malignancies [5, 6]. 

Recent advancements have further expanded the utility of these imaging modalities. 

Functional imaging techniques, such as diffusion-weighted imaging (DWI) and radiomics, 

have shown potential in enhancing the detection of early-stage cancers and predicting 

outcomes based on tumor biology [7,8]. Additionally, PET/CT has proven invaluable for 

screening secondary malignancies and guiding personalized treatment strategies [9, 10]. 

This study aimed to integrate advanced radiological techniques, particularly fMRI, MR 

spectroscopy, and Optical coherence tomography in ENT practice. It emphasizes their 

transformative impact on the early detection and diagnosis of head and neck tumors. By 

bridging the gap between traditional clinical methods and cutting-edge technology, this study 

aims to enhance diagnostic precision, optimize patient management, and improve survival 

outcomes. 

 

2. MATERIAL AND METHODS 

 

Study Design 

This was a prospective, observational, single-centre study conducted over 18 months at a 

tertiary care centre. The aim was to evaluate the diagnostic accuracy and efficacy of advanced 

imaging modalities, including computed tomography (CT), functional MRI (fMRI), MR 

spectroscopy, positron emission tomography-computed tomography (PET/CT), and optical 

coherence tomography (OCT), in detecting and diagnosing head and neck malignancies. 

 

Study Population 

Sample Size: The sample size was calculated based on an expected sensitivity of imaging 

modalities in detecting head and neck malignancies. Assuming a sensitivity of 85% and a 

precision of ±10%, with a 95% confidence interval, the required sample size was calculated 

to be 80 patients. 



Journal of Cardiovascular Disease Research                                 

  ISSN: 0975-3583, 0976-2833        VOL15, ISSUE12, 2024 

 

                                                                                                                                                             244 
 

Inclusion Criteria 

• Patients aged 18 years and older. 

• Clinical suspicion or confirmed diagnosis of head and neck malignancies based on 

physical examination or preliminary investigations. 

 

Exclusion Criteria 

• Patients with prior treatment for head and neck cancer. 

• Contraindications to radiological imaging, such as: 

o Severe claustrophobia. 

o Metallic implants incompatible with fMRI or MR spectroscopy. 

• Patients unwilling to provide written informed consent. 

 

Study Procedure 

Imaging Protocol: All participants underwent a standardized diagnostic evaluation using the 

following imaging modalities: 

1. Computed Tomography (CT): Performed to assess tumor size, anatomical extent, 

and bony involvement. Thin-slice contrast-enhanced imaging was employed for 

detailed evaluation. 

2. Functional MRI (fMRI) and MR Spectroscopy: 

o FMRI: Used for assessing tumor activity and functional soft tissue involvement. 

o MR Spectroscopy: Performed to evaluate biochemical properties of the tumor, 

including metabolite concentration, aiding in characterizing malignancies. 

3. Positron Emission Tomography-Computed Tomography (PET/CT): 

o Combined imaging used to identify lymphatic spread, distant metastases, and occult 

primary or secondary tumors. 

o Standard uptake values (SUV) were calculated for metabolic characterization of 

lesions. 

4. Optical Coherence Tomography (OCT): 

o Non-invasive imaging technique primarily used for diagnosing and monitoring 

conditions in ophthalmology, cardiology, and dermatology. 

o  Optical Coherence Tomography enables detailed visualization of tissue layers, aiding 

in early detection of head and neck cancer and treatment planning.  

 

Data Collection 

• Clinical Data: Age, sex, presenting symptoms, tumor location, and comorbidities. 

• Imaging Findings: Tumor size, depth of invasion (DOI), lymph node status, and 

presence of metastases. 

• Histopathological Confirmation: Where applicable, biopsies were performed to 

confirm radiological findings. 

 

Outcome Measures 

Primary Outcomes 

1. Sensitivity, specificity, and predictive values of each imaging modality in detecting: 

o Primary tumors. 

o Nodal involvement. 

o Distant metastases. 

2. Correlation between imaging findings and histopathological results. 
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Secondary Outcomes 

1. The impact of imaging modalities on clinical staging of head and neck malignancies. 

2. Their influence on treatment planning, including surgical or non-surgical 

management. 

 

Statistical Analysis 

• Statistical analysis was conducted using SPSS version 27.0. 

• Continuous variables were reported as mean ± standard deviation, while categorical 

variables were expressed as frequencies and percentages. 

• Diagnostic accuracy (sensitivity, specificity, positive predictive value, and negative 

predictive value) was calculated for each imaging modality. 

• Comparative analysis was performed between imaging findings and histopathological 

results using chi-square tests for categorical variables and Student’s t-tests for 

continuous variables. 

• A p-value of <0.05< 0.05<0.05 was considered statistically significant. 

 

Ethical Considerations 

• Ethical approval was obtained from the Institutional Ethics Committee before the 

initiation of the study. 

• Written informed consent was obtained from all participants prior to enrolment. 

• Patient confidentiality and data security were maintained throughout the study. 

 

3. RESULTS 

 

Table1: Represents the Demographic and Clinical Profile Of 80 Patients with Head and 

Neck Tumors. The Majority were Male (62.5%) and Presented with Advanced-Stage 

Disease (56.2%), with the Oral Cavity Being the Most Common Tumor Site (31.3%). 

Parameter Frequency (n = 80) Percentage (%) 

Age (Mean ± SD) 55.2 ± 10.4 years - 

Gender   

- Male 50 62.5% 

- Female 30 37.5% 

Tumor Location   

- Oral Cavity 25 31.3% 

- Pharynx 20 25.0% 

- Larynx 15 18.8% 

- Salivary Glands 10 12.5% 

- Others 10 12.5% 

Clinical Stage   

- Early (Stage I/II) 35 43.8% 
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- Advanced (Stage III/IV) 45 56.2% 

 

 
 

Table 2: Represents the Application of Advanced Imaging Modalities in Diagnosing 

Head and Neck Tumors. Computed Tomography was utilized for all Patients, while 

Functional MRI, PET-CT, and Optical Coherence Tomography were used selectively 

based on Clinical Requirements, Showcasing their Specific Roles in Tumor Evaluation. 

Modality Purpose 

Number of 

Patients (n = 

80) 

Percentage 

(%) 

Computed 

tomography 
Tumor extent, bone invasion 80 100% 

Functional MRI, 

MR Spectroscopy 

Detailed imaging of tumor activity, 

metabolism, and invasion. 
60 75% 

PET-CT Metastases, occult secondary tumors 50 62.5% 

Optical Coherence 

Tomography 

It enables detailed visualization of 

tissue layers, aiding in early detection 

of cancer and treatment planning 

40 50% 

 

Table 3: Represents the Diagnostic Performance Metrics of Imaging Modalities used for 

Head and Neck Tumor Evaluation. Optical Coherence Tomography Achieved the 

Highest Specificity (95%) and Accuracy (93.5%), while PET-CT Demonstrated the 

Highest Sensitivity (95%) and PPV (96%). 

Modality 
Sensitivity 

(%) 

Specificity 

(%) 

Accuracy 

(%) 

Positive 

Predictive 

Value (%) 

Negative 

Predictive 

Value (%) 

Computed 

Tomography 
85 80 82.5 88 75 

Functional MRI, 

MR 

Spectroscopy 

90 85 87.5 92 80 

PET-CT 95 88 91.5 96 85 

Optical 

Coherence 

Tomography 

92 95 93.5 97 90 
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Table 4: Represents Various Imaging Modalities used for Tumor Detection and Early 

Detection of head and Neck Cancer, Highlighting Their Histopathological Confirmation 

Rates, False Positives, And False Negatives. Among the Modalities Listed, PET-CT 

Demonstrated the Moderated Accuracy, while Optical Coherence Tomography Showed 

the Highest Confirmed Histopathological Detection Rate. 

Finding Modality 

Confirmed 

Histopathologically 

(n) 

False 

Positives 

(n) 

False 

Negatives 

(n) 

Tumor Detection 
Computed 

Tomography 
70 5 5 

Tumor Detection 
Functional MRI, 

MR Spectroscopy 
72 3 5 

Tumor Detection/ 

Lymph Node 

Involvement 

PET-CT 76 2 2 

Early Detection of 

head and neck 

cancer 

Optical 

Coherence 

Tomography 

78 2 2 
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Table 5: Represents the Distribution of Lymph Node Involvement Among Patients, with 

Level II Being the Most Commonly Affected (37.5%). Levels III and I Follow, While 

Level V Has the Involvement at 6.2%. 

Lymph Node Level Number of Patients (n) Percentage (%) 

Level I 15 18.8% 

Level II 30 37.5% 

Level III 20 25.0% 

Level IV 10 12.5% 

Level V 5 6.2% 

 

 

 

Table 6: Represents the Effect of Radiological Evaluation on Clinical Staging. Post-

Radiology, 10 Patients were reclassified from Early Stage (I/II) to Advanced Stage 

(III/IV), Leading to A 25% Change in Treatment Management. 

Staging 

Category 

Pre-Radiology 

Staging (n) 

Post-Radiology 

Staging (n) 

Change in 

Management (%) 

Early Stage (I/II) 45 35 - 

Advanced Stage 

(III/IV) 
35 45 25% 
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Table7: Represents the Outcomes of Radiological Evaluations, with Accurate Staging 

Achieved in 93.8% Of Cases and Early Detection of Metastases in 62.5%. Radiological 

Insights Leading to A 25% Change in Treatment Approaches, Showcasing their Clinical 

Significance. 

Outcome Measure Frequency (n = 80) Percentage (%) 

Accurate Staging 75 93.8% 

Change in Treatment Approach 20 25.0% 

Early Detection of Metastases 50 62.5% 

False Diagnosis (Total) 10 12.5% 

 

 
4. DISCUSSION 

 

This study revealed the demographic and clinical profile, application of advanced imaging 

modalities, diagnostic performance, and outcomes of radiological evaluations in head and 

neck tumors. The findings are consistent with the evolving role of radiological technologies 

in improving diagnosis, staging, and treatment planning. 

The majority of the study population were males (62.5%) with advanced-stage disease 

(56.2%). This aligns with prior studies, such as Chaturvedi et al. (2013) [11], which reported 

a higher prevalence of head and neck tumors among males due to increased exposure to risk 

factors like tobacco and alcohol use. The oral cavity was the most common tumor site 

(31.3%), which is consistent with previous research by Bray et al. (2018) [12], emphasizing 

oral cancer as a significant subset of head and neck malignancies globally. 

Advanced imaging modalities, including functional MRI (fMRI), MR spectroscopy, PET-CT, 

and optical coherence tomography (OCT), played distinct roles in tumor evaluation: 

Computed Tomography was utilized for all patients, primarily for assessing tumor extent and 

bone invasion, reinforcing its widespread application as a first-line imaging modality. 

FMRI and MR Spectroscopy provided valuable insights into tumor activity, metabolism, and 

depth of invasion, corroborating studies like Srinivasan et al. (2010) [13], which emphasized 

MR spectroscopy's role in distinguishing tumor grades. 
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PET-CT demonstrated its superior sensitivity (95%) for detecting metastases, as noted in 

prior research by Roh et al. (2007) [3], highlighting its critical role in detecting occult 

secondary tumors. Optical Computed Tomography achieved the highest specificity (95%), 

consistent with findings by Gambino et al. (2023) [5], which validated its effectiveness in 

early detection of cancer. 

PET-CT and Optical coherence tomography emerged as the most accurate modalities for 

early detection of tumors and lymph nodes, respectively. PET-CT's high sensitivity (95%) 

and PPV (96%) support previous studies by Brouwer et al. (2006) [15], which highlighted its 

ability to identify metastases with minimal false positives. Optical coherence tomography's 

high specificity (95%) and accuracy (93.5%) align with DeCoro and Wilder-Smith (2010) [6], 

who demonstrated its potential in precisely early detection of cancer. 

Radiological evaluations reclassified 10 patients (12.5%) from early stage (I/II) to advanced 

stage (III/IV), leading to a 25% change in treatment management. This significant impact is 

supported by studies like Takes et al. (1998) [14], which emphasized the role of imaging in 

refining staging and guiding therapeutic decisions. Accurate staging was achieved in 93.8% 

of cases, reaffirming the critical role of multimodal imaging in reducing diagnostic 

uncertainties. 

Level II lymph nodes were the most frequently involved (37.5%), consistent with anatomical 

studies highlighting their susceptibility to metastases in head and neck cancers. This finding 

aligns with research by Choi et al. (2011) [3], which reported similar patterns of lymphatic 

spread in squamous cell carcinoma. 

Radiological evaluations contributed to early detection of metastases in 62.5% of cases, 

underscoring their role in timely diagnosis and intervention. False diagnoses were limited to 

12.5%, highlighting the reliability of advanced imaging techniques 

 

Clinical Implications 

The integration of advanced radiological modalities into ENT practice has significantly 

improved the precision of tumor evaluation, staging, and treatment planning. These findings 

emphasize the need for a multidisciplinary approach that leverages the strengths of each 

imaging technique for optimal patient outcomes. 

 

5. CONCLUSION 

 

The study reinforces the transformative role of advanced imaging modalities in managing 

head and neck tumors. By improving diagnostic accuracy and influencing treatment 

decisions, these technologies have the potential to enhance prognosis and reduce disease 

burden. Future studies should focus on the cost-effectiveness and accessibility of these 

modalities, especially in resource-limited settings. 

 

Recommendations 

The study recommends integrating emerging technologies like radiomics and Artificial 

Intelligence to improve diagnostic precision. Larger, multicentre studies with diverse 

populations and standardized imaging protocols are needed. Long-term follow-up is essential 

to assess the impact on survival and recurrence. 
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Limitations 

The study is limited by its single-centre design, small sample size, and lack of long-term 

follow-up. Operator expertise and imaging availability may have introduced variability in 

diagnostic accuracy. 

 

Conclusion 

We concluded that advanced imaging modalities, including MR spectroscopy, functional 

MRI, PET-CT, and Optical computed tomography, play a pivotal role in the diagnosis, 

staging, and management of head and neck tumors. Their integration into clinical practice 

enhances diagnostic accuracy, facilitates precise evaluation of tumor extent and lymph node 

involvement, and improves detection of metastases. These findings underscore the 

importance of multimodal radiological approaches in optimizing treatment planning and 

supporting personalized therapeutic strategies, ultimately contributing to better patient 

outcomes in head and neck oncology. 
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