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Abstract 

Introduction: Mandibular carcinoma, often referred to in the literature as squamous cell carcinoma of the 

mandible or mandibular malignancy, is an aggressive oral malignancy frequently associated with bone 

invasion and osteolysis. Accurate assessment of osteolysis is critical for treatment planning, surgical 

guidance, and prognostic evaluation. Traditionally, two-dimensional (2D) imaging modalities such as 

panoramic radiographs, also known as orthopantomography, have been employed for diagnosis. However, 

their limitations in spatial resolution and inability to provide comprehensive structural details have led to 

the increased adoption of three-dimensional (3D) imaging. Cone-beam computed tomography (CBCT) has 

emerged as a potential alternative for osteolysis detection due to its superior spatial resolution and 

volumetric analysis capabilities. This study aimed to evaluate and compare the efficacy of 2D and 3D 

imaging modalities in detecting osteolysis in patients diagnosed with mandibular carcinoma. 

Materials and Methods: A retrospective study was conducted on a cohort of 50 participants, comprising 

32 males (64%) and 18 females (36%). The sample size was determined based on power analysis to ensure 

adequate statistical significance. Among these participants, 15 cases exhibited osteolysis. Data on 

demographic characteristics, tumor site involvement, and osteolysis staging based on both imaging 

modalities were collected and analyzed using IBM SPSS Statistics version 23. Statistical comparisons were 

performed to determine significant differences in osteolysis detection between 2D and 3D imaging. 

Results: Osteolysis staging showed statistically significant differences across age groups (p = 0.029), 

lesion location (p = 0.015, higher in posterior regions), and laterality (p < 0.001). Imaging modality also 

influenced staging, with 3D imaging detecting higher stages than 2D (p < 0.001). CBCT identified 

osteolysis in 84% of cases, compared to 80% with 2D imaging (p = 0.03). 

Conclusion: The findings of this study indicate that CBCT demonstrates superior efficacy in detecting 

osteolysis compared to 2D imaging. The advantages of 3D imaging include enhanced spatial resolution, a 

more comprehensive assessment of bone structures, and improved staging accuracy. Given these benefits, 

CBCT emerges as the preferred imaging modality for osteolysis assessment in mandibular carcinoma 

patients, potentially reducing the reliance on 2D imaging. Future studies with larger sample sizes and 

diverse patient populations are recommended to validate these findings further. 

Keywords: Mandibular Cancer, Osteolysis, Cone-Beam Computed Tomography, Imaging Modalities, 

Diagnosis, Treatment Planning, Prognostic Evaluation. 
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Introduction [1]: 

Osteolysis, the progressive resorption of bone tissue, is a common and debilitating 

complication in mandibular carcinoma, a type of head and neck cancer affecting the jawbone. 

This process involves the destruction of bone by osteoclasts, leading to severe complications 

such as impaired jaw function, pathologic fractures, and an increased risk of metastasis. 

Accurate assessment of osteolysis is essential for treatment planning and prognosis. 

Traditional two-dimensional (2D) imaging modalities, such as panoramic radiography (OPG), 

have been widely used for assessing bone destruction in mandibular carcinoma. However, their 

limitations in spatial resolution and lack of depth perception have led to the increased use of 

three-dimensional (3D) imaging modalities, including cone-beam computed tomography 

(CBCT) and multidetector computed tomography (MDCT). These modalities provide 

enhanced visualization of bone structures, allowing for a more precise evaluation of osteolysis. 

CBCT has gained particular importance due to its superior spatial resolution compared to 2D 

imaging and its lower radiation dose compared to MDCT, making it more suitable for repeated 

assessments. While MDCT offers even higher spatial resolution and is useful for evaluating 

extensive bone involvement or suspected metastasis, CBCT remains the preferred option for 

localized mandibular evaluations. The adoption of 3D imaging facilitates optimized treatment 

planning, reduces the risk of pathologic fractures, and provides valuable prognostic insights, 

ultimately improving patient outcomes. 

Materials and methods: 

A retrospective study was conducted in the Department of Radiology between June 2023 and 

November 2023. After reviewing 50 patient records, 15 cases of clinically and 

histopathologically confirmed Oral Squamous Cell Carcinoma (OSCC) were included in the 

study. The remaining 35 cases were excluded due to unclear imaging. 
Criteria Inclusion Exclusion 

Diagnosis 
Clinically and histopathologically 
confirmed OSCC 

All other oral cavity lesions (e.g., benign 
tumors, infections) 

Age 
(Specify age range, e.g., 18 years 
and older) Patients younger than the specified age 

Gender (No specific gender restriction) (If applicable, exclude specific genders) 
Site of 
Involvement Mandibular only Maxilla, trauma cases 

 

A retrospective study was conducted in the Department of Radiology between June 2023 and 

November 2023. After reviewing 50 patient records, 15 clinically and histopathologically 

confirmed cases of Oral Squamous Cell Carcinoma (OSCC) were identified. Their 

corresponding radiographic images, including both orthopantomography (OPG) and cone-

beam computed tomography (CBCT), were obtained. The imaging data were acquired using 

the Carestream CS8100SC (Carestream Dental LLC, Atlanta, Georgia, United States). 

For CBCT, the exposure parameters were 120 kV, 4 mA, and 15 seconds, with a total radiation 

dose of 496 mGy·cm². The voxel size was 150 × 150 × 150 micrometers, ensuring high-

resolution imaging. CBCT images were collected in DICOM (Digital Imaging and 

Communications in Medicine) format and analyzed in the orthogonal plane for evaluation. 

For OPG, the exposure parameters were 78.00 kV, 10.00 mA, and 10.78 seconds, with a total 

radiation dose of 119.42 mGy·cm². The images were reviewed for comparative analysis with 

CBCT findings. 
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Two researchers were involved in the study: a primary researcher and a subject expert. Data 

accuracy was ensured through cross-verification using patient records and clinical 

photographs. Additionally, sampling bias was minimized by avoiding any sorting process and 

including all relevant data. The study included patients diagnosed with OSCC who had 

undergone both OPG and CBCT imaging before any surgical intervention. Patients with other 

carcinoma diagnoses or those who had prior CT or MRI reports were excluded. Data collection 

was conducted from existing departmental records and compiled into an Excel spreadsheet. 

This data was then imported into SPSS software (IBM Version 23) for statistical analysis. The 

dependent variables in the study were the osseous changes observed in both OPG and CBCT 

images, including the involvement of surrounding structures. Independent variables included 

patient age, sex, site involved, and osteolysis staging based on both 2D and 3D imaging 

modalities. 

Data collection was conducted from existing departmental radiology records, including patient 

demographics, imaging findings, and osteolysis staging. The collected data were manually 

entered into Microsoft Excel.The dataset included variables such as patient age, sex, tumor site, 

osteolysis severity, and imaging modality (OPG vs. CBCT).The compiled Excel sheet was then 

imported into SPSS software (IBM Version 23) for statistical analysis. 

Statistical Analysis: Descriptive analysis was performed using Chi-square test (IBM SPSS 

23) and the analysis used was correlation and association. 

Results and Discussion: 

The present study has 50 participants including 32 males (64%) and 18 females (36%). 

The minimum age of the participants was 25 years and the maximum age was 85 years. The 

mean±SD age was 51.72±11.02 years. Around 48% of the study population were aged 41 to 

55 years group followed by 34% aged 56-70 years. were aged 51 to 60 years. The graph 1 

depicts the distribution of the study population based on age and gender. The X-axis depicts 

the age group of the patients and Y-axis depicts the gender of patients in the study population. 

The majority of the study population did not have osteolysis (70%). Graph 2 depicts the 

distribution of osteolysis in the study population. Based on the location, 12% had osteolysis in 

the right, 16% in the left, 6% in the anterior and 30% in the posterior sides. Graph 3 depicts the 

location of osteolysis among the present study participants. Graph 4 shows the presence of 

osteolysis in OPG and CBCT imaging.  

In the present study an increased incidence of OSCC was found in males than in females which 

were consistent with the studies done by Tandon et al [2] and Singh MP et al [3]. 3D imaging 

identified osteolysis in 16% of patients compared to 20% detected using 2D imaging (Graph 

4). In the present study, an increased incidence of OSCC was found in females than in males 

which were consistent with the studies done by Astrid L., Marius B et al [5]. A higher female 

median age (65.36 vs. 61.04 years) and female predominance was found in the group of patients 

older than 70 years, with a gender distribution of 53:46. Out of 23 female patients with oral 

maxillary SCC, 15 (65%) were without the risk factors of tobacco and alcohol, and from the 

16 male patients suffering from oral maxillary carcinoma, only three (19%) were without the 

mentioned risk factors. A study done by Reddy et.al [7] showed that the incidence rate of oral 

cancer for women rising from 966 in 1985–1986–1762 in 2005–2006. With an approximate 

gender distribution of 3:4 (female/male) in comparison to a ratio of 1:3 in most Western 

countries, the female proportion is higher in our study population. Another factor often 

discussed is the rising consumption of tobacco and alcohol by women in accordance to the 
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study done by Girod et al. [10] which demonstrated a rate of 48.5% for tobacco use in females 

and 34.5% for alcohol. In the literature, the proportion of women with SCC of the oral cavity 

and oropharynx who are not exposed to the risk factors of tobacco and alcohol use seems to be 

higher than that of men (27%–41% vs. 1.56%–11%). According to another study by Wey PD 

et al. [12], 22 (13.8%) of 159 male patients neither used tobacco nor drank alcohol, and in the 

female group it was 46 (38.7%) of 119 patients. Luce et al. [14] also noted that more women 

suffered from oral cancer than from hypopharynx cancer. Kruse AL et al. [15], in his study 

noted that out of 23 female patients, 15 (65%) were without the tobacco and alcohol risk 

factors; but from the 16 male patients suffering from oral maxillary carcinoma, only three 

(19%) were without the mentioned risk factors. In a recent study done by Laveniya S et al [16]. 

The number of young (< 45 years) females recorded with OSCC increased by 4.9% per year 

(IRR 95% CI 1.034 – 1.063, p < 0.001) and the number of young males with OSCC increased 

by 2.4% per year (IRR 95% CI 1.010 – 1.039, p < 0.001). The  proportion of patients with 

OSCC that were young females increased from 3.6% in 1990 – 1994 to 8.2% in 2010 – 2014. 

The patients were classified according to the TNM classification existing at the time, without 

any later modification. In addition, the patients were grouped according to their stage into early-

stage tumours (TNM stage I and stage II) and advanced-stage tumours (TNM stage  III and 

stage IV), in order to conduct the statistical analysis. Among the patients having osteolysis, 

The TNM staging of our study group was Stage-IV (16%), Stage-III (8%), Stage - II (4%) and 

Stage-I (2%). TNM staging showed similar results like the osteolysis grading. The graphs 5 

and 6 shows the osteolysis staging and TNM staging among the study population. A significant 

association was found between the osteolysis staging and age, location as well as imaging 

procedure (p<0.05, Chi Square test). Table 1 depicts the distribution of study population based 

on osteolysis staging. 

Graph 1: Distribution of study population based on age and gender 
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Graph 2: Distribution of osteolysis in the study population 

 
Graph 3: Distribution of study population based on the location of osteolysis 

 
Graph 4: Distribution of osteolysis in the study population based on the imaging procedure 
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Graph 5: Distribution of study population based on osteolysis staging  

 
Graph 6: Distribution of study population based on TNM staging  
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Table 1: Distribution of study population based on osteolysis staging 

 Osteolysis Staging 

Total 

n (%) 

p-value 0  

n (%) 

1 

n (%) 

2 

n (%) 

3 

n (%) 

4 

n (%) 

Age group 25-40 years 2 (4) 0 2 (4) 1 (2) 1 (2) 6 (12) 

0.029* 
41-55 years 19 (38) 1 (2) 0 0 4 (8) 24 (48) 

56-70 years 12 (24) 0 0 2 (4) 3 (6) 17 (34) 

71-85 years 2 (4) 0 0 1 (2) 0 3 (6) 

Gender Male 21 (42) 1 (2) 1 (2) 3 (6) 6 (12) 32 (64) 
0.808 

Female 14 (28) 0 1 (2) 1 (2) 2 (4) 18 (36) 

Location 

Left 
Present 0 0 1 (2) 2 (4) 5 (10) 8 (16) 

<0.001* 
Absent 35 (70) 1 (2) 1 (2) 2 (4) 3 (6) 42 (84) 

Right 
Present 0 1 (2) 0 2 (4) 3 (6) 6 (12) 

<0.001* 
Absent 35 (70) 0 2 (4) 2 (4) 5 (10) 44 (88) 

Anterior 
Present 0 0 1 (2) 1 (2) 1 (2) 3 (6) 

0.015* 
Absent 35 (70) 1 (2) 1 (2) 3 (6) 7 (14) 47 (94) 

Posterior 
Present 0 1 (2) 2 (4) 4 (8) 8 (16) 15 (30) 

<0.001* 
Absent 35 (70) 0 0 0 0 35 (70) 

Imaging 

2D 
Present 0 1 (2) 2 (4) 4 (8) 3 (6) 10 (20) 

<0.001* 
Absent 35 (70) 0 0 0 5 (10) 40 (80) 

3D 
Present 0 0 0 2 (4)  6 (12) 8 (16) 

<0.001* 
Absent 35 (70) 1 (2) 2 (4) 2 (4) 2 (4) 42 (84) 

* Statistically significant at p<0.05, Chi Square test 

 

CONCLUSION: In conclusion, 3D imaging, particularly cone beam computed tomography (CBCT), has 

emerged as the superior modality for osteolysis assessment in patients with mandibular carcinoma due 

to its higher spatial resolution, comprehensive visualization of bone structures, and improved staging 

accuracy. This advancement renders 2D imaging obsolete as an adjunct investigation for this purpose. 

As 3D imaging readily provides more accurate diagnoses for intraosseous lesions, it can be considered 

the sole diagnostic imaging modality in routine practice. 
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