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Abstract 

Introduction: Squamous cell carcinoma of oral cavity ranks in the top three types of all cancer in the India. The 

diagnosisof it is basically clinical and bioptic, preoperative imaging is crucial for tumor staging that helps to decide 

appropriate therapeutic strategy and indicate prognosis. Objectives: To evaluate the diagnostic accuracy of Magnetic 

resonance imaging (MRI) in staging of oral cavity cancers and to correlate the results with clinical and pathological data. 

Methodology: This was a prospective study of 60 patients of oral cavity squamous cell carcinomas (SCC) where MRI 

was performed preoperatively to determine the tumor staging, tumor thickness, infiltration of surrounding structures and 

bone invasion. These findings were correlated with final pathological staging. Results: Accurate correlation of T stages 

(TNM system) was obtained in 51 out of 60 cases on MRI. One lesion was classified as T2 on MRI but was found to be 

T4 on histopathology as MRI failed to detect subtle infiltration of the cortical bone. The accuracy of clinical data in T 

stage evaluation was 62% (K- 0.470), however the MRI accuracy found to be 82% (k 0.740). The sensitivity, specificity 

and accuracy of MRI in the detection of mandibular involvement were 94.1%, 60% and 81.5%, respectively. 

Conclusion: MRI plays an important role in the evaluation of oral cavity carcinomas. MRI accurately demonstrates the 

tumor size, depth of invasion, bone marrowinvolvement, perineural spreadandlymphnodemetastasiswhichare essentialfor 

treatmentplanning. 
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Introduction 

Oral cavity squamous cell carcinoma (SCC) is the most 

common cancer in Indian subcontinent, the age adjusted 

incidence in India being 20 per 100,000 population [1]. 

Increase incidence in Indian population is because of 

the habits like tobacco, betel nutchewing and alcohol 

intake [2]. Oral cavity carcinomasare classified into 

following sub sites- Buccal mucosa, alveoluswith 

gingiva, hard palate, retro molar trigone, tongue and 

floor of mouth [3].  

 

Clinical examination often under estimates the extent of 

tumor, the in filtration and invasion of deeper structures 

may not be appreciated and majority of metastatic 

lymphnodeless than 10 mm being interpreted as regular 

cervical lymphnode status on clinical examination. 

Hence a preoperative imagingis essential for tumor 

staging and appropriate treatment plan. MR imaging  
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provides superior soft tissue contrast, direct multiplanar 

formats without ionisingradiation and better depicts the 

detailed anatomy of the oralcavity compared with CT. It 

accurately delineates the borders and extent of tumor in 

filtration determining the depth of invasion, 

involvement of critical structures, including bone and 

the internal carotid artery and the perineural spread the 

seare theim portant factors in treatment planning [4].  

 

This study evaluated the diagnostic accuracy of MRI in 

the T stage of TNM classification and its loco- regional 

spread.  

 

Correlation with clinical and pathological staging was 

done and final pathological staging was considered as 

gold standard. In the subgroups of the tumor close to the 

mandible, the relationship between tumor and mandible 

was also determined. 
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Material and Method 

Design – Prospective Study 

Source of Data- This was a prospective study on 60 patients conducted in a Tertiary care unit named Chirayu Medical 

College and hospital, Bhopal over a period of Two years between January 2016 and January 2018.  

 

Inclusion Criteria- All the biopsy proven patients referred for MRI staging who undergo surgeryas the first treatment 

modality. 

 

Exclusion Criteria  

• Patients with metallic implants,  

• Patients staging more than T4A in whom non surgical treatment is the first line of treatment. 

• Previously treated or recurrent oral cavity tumors were excluded from the study. 

 

Procedure- Before doing MRI study, the clinical history and detailed local examination of oral cavity was recorded. All 

dentures and partial mobile dental prostheses were removed prior to clinical examination. Examination of the mucosa of 

the cheek, vestibule of the mouth, gums, hard and soft palate, floor of the mouth, retro molar trigone, tongue and tonsils 

was done to look for any ulcer, growth or any bulge. Evaluation of tongue movements were looked for, palpation of the 

tongue and floor of the mouth was done to detect small lesion infiltration and superficial extension. Tumor data including 

site, subsite, size, infiltration of the adjacent structures were recorded. 

 

MRI examination were performed with a 1.5 Tesla. GE machine, using a head and neck phased array coil. Axial and 

coronal spin‑echo T1‑weighted (TR, 500-600 ms; TE, 7-10 ms); axial and sagittal fast spin‑echo T2‑weighted (TR, 3000-

4000 ms; TE, 90-100ms); coronal short tau inversion recovery (STIR) (inversion time, 150 ms); and post contrast axial, 

coronal, and sagittal T1‑weighted sequences. The sequences are acquired at 4‑mm thickness with 1‑mm intersection gap. 

The matrix used is 256 x256, NEX 2 and FOV 240 mm. Echo-planar diffusion weighted imaging is performed with b 

values of 0 and 1000 sec/mm2. 

 

     Table-1: AJCC 7TH Edition 2010 (TNM Classification). 

Tumor Size  

TX Primary tumor cannot be assessed 

T0 No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor 2 cm or less in greatest dimension 

T2 Tumor more than 2 cm but not more than 4 cm in greatest dimension 

T3 Tumor more than 4 cm in greatest dimension 

T4a (oral cavity ) Moderately advanced local disease – Invades through cortical bone, into 

deep (extrinsic) muscles of tongue, maxillary sinus, or skin of face. 

T4b Very advanced local disease – Invades masticator space, pterygoid plates, or skull base 

or encases internal cortical artery node. 

Nodes  

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis in a single ipsilateral lymph node, ≤3 cm in greatest dimension 

N2a Metastasis in single ipsilateral lymph node, >3 cm but ≤6 cm in greatest dimension 

N2b Metastases in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension 

N2c Metastases in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension 

N3 Metastasis in a lymph node >6 cm in greatest dimension 

Metastasis  

M0 No distant metastasis 

M1 Distant metastasis 
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The parameters which were assessed on MRI study - size & tumor thickness, soft tissue extent, perineural spread and 

marrow invasion and then given an MR T stage of the lesions. Contrast-enhanced T1W images helped to assess marrow 

invasion, perineural spread, soft tissue extent, tumor thickness and best demonstrate necrosis in nodes. Also it was used 

to measure tumor thickness for tongue and buccal sub-sites which was a latero‑medialand not a cranio-caudal dimension 

for the vast majority of tumors that arise from the lateral border. STIR images had high sensitivity for visualizing nodes 

but with reduced specificity. Diffusion weighted images were of added value, particularly in sub centimeter non necrotic 

metastatic nodes. Noncontrast T1 weighted sequences demonstrate cortical erosion of bone. To establish the mandible 

involvement, loss ofhypointense line of the cortex and replacement of high signal intensity of medullary bone on non-

enhanced SE T1sequencesin axial or coronalplane. 

 

The staging of oral cavity squamous cell carcinoma was done based on American joined committee on cancer (AJCC) 

TNM system. The 7th edition of AJCC (2010) staging for oral SCC is provided in Table 1 [5]. 

 

All the patients below stage T4 a according to the TNM staging were included in study and hence were submitted to 

surgery and histopathological examination. Radiological findings were compared with final histopathological staging. 

Statistical Methods- The data collected were tabulated for TNM staging of the oral cavity SCC. The collected data was 

analyzed by using Cohen's k coefficient of agreement and binary classification i.e. – the sensitivity, specificity, accuracy, 

positive predictive value (PPV) and negative predictive value (NPV). 

 

Landis and Koch proposed categories for judging values less than 0.0 was poor, 0.00 to 0.20 was light, 0.21to 0.40 was 

fair, 0.41 to 0.60 was moderate, 0.61 to0.80 was substantial and 0.81 to 1.00 was perfect. In the evaluation of the T stage 

the accuracy of clinical and MRI stage was assessed. 

 

In the evaluation of mandible, the sensitivity, specificity, accuracy, positive predictive value (PPV) and negative 

predictive value (NPV) of the MRI was assessed. 

Results 

The most commonly involved site of primary was buccal mucosa (Figure 1) accounting for 53.45%, followed by tongue 

(33%) (Figure 2) and retromolartrig one and alveolar ridge in 13.55% cases (Table 2). In T stage evaluation of oral cavity 

tumors, a positive correlation was found between the MR and pathological staging. The accuracy of clinical data in T 

stage evaluation was 61%, K.470, however the MRI accuracy found to be 82 % K.740 (Table 5). MR recorded up staging 

in 8 cases of the 60 patients with primary tumors and sub staging in 1 case (Table- 4). The lesion was mistakenly 

considered T2 stage at MR but was found to be T4 on histopathology, because of lack of detection of very small 

infiltration of mandibular corticalbone on MRI.  

 

      Table-2: Incidence of Individual Cancer 

Site Percentage 

Buccal mucosa 53.45% 

Tongue 33% 

Alveolus and RMT 13.55% 

Total 100% 

 

      Table-3: Correlation between Clinical and Pathological T stage  

 

Clinical data 

 

 

Pathological Data Total 

T1 T2 T3 T4  

T1 4   1 5 

 T2 4 10   14 

T3  10 5  15 

T4 1 5 2 18 26 

Total  9 25 7 19 60 
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     Table-4: Correlation between MRI and pathological data T stage 

 

 

MRI data 

 

 

 

Pathological Data Total 

T1 T2 T3 T4  

T1 6    6 

 T2 2 21  1 24 

T3  3 5  8 

T4 1 2  19 22 

Total  9 26 5 20 60 

 

      Table-5: The kappa value for clinical and MRI data  

Clinical Data 

 

Kappa Accuracy 

0.470 62% 

MRI Data 0.740 82% 

Regarding bone infiltration three false positive cases and onefalse negative case were found in the present study on MRI 

imaging. Considering the three cases of false positive bone infiltration, having gingiva (two cases) andretro molar trigone 

tumors (one case), the supposed cortical infiltration of the mandible was not con- firmed at histopathological 

examination, so pathological staging resulted as pT1 (one case) and pT2 (two cases), respectively, The sensitivity, the 

specificity and the accuracy of MRI in the detection mandibular involvement were 94.1%, 60% and 81.5% respectively, 

while the positive and negative predictive values were 80% and 85.7% respectively. 

 

The cervical lymph nodes metastasis was found in 34 cases out of 60 cases, level I b lymph node was the commonest 

node to be involved. The tumors with depth of invasion greater than 9 mm shown cervical nodal metastasis at one or 

other level in 70% of patients. However nodal metastasis detected in 12% of patients in whom tumor thicknesswas less 

than 3 mm. 

 

 

 

 

 

 

 

 

 

Figure-1: Axial contrast enhanced MRI showsbulky soft             Figure- 2: Axial post contrast T1 fat sat image shows a  

tissuemassin left gingiva- buccalregion extending into       large enhancing mass lesion in right lateral border  

RMT and eroding loweralveolusand angleoflefthemi mandible.          of tongue with contralateral extension. 

Discussion 

For appropriate treatment planning of the oral cavity carcinomas an adequate assessment of tumor staging is essential. 

Multiple studies validate increased tumor size is associated with reduced overall survival, hence the size is important T 

factor on the AJCC chart and it influence both the 5-year survival rates and rates of positive cervical lymphadenopathy 

[6]. Evaluation of involvement of surrounding structures, apart from tumorsize, is also important in these tumors to 

decide T stage. Owing to excellent soft tissue contrast and multi planer views, MRI better delineates tumor size and 

thickness, local extension into surrounding structures, perineural invasion and bone infiltration [7].  

 

In this study the, the accuracy of MRI seems to be far higher than physical examination. The diagnostic accuracy of 

MRIT staging compared with histo pathological staging was 82%, while clinical T staging showed a diagnostic accuracy 
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of 62%. Similar accuracy of clinical and MRI was also seen in a study done by Vidri A et al, predicting T stage accuracy 

of both clinical and MRI examination to be 62% and 82%, respectively [8]. There is moderate agreement between the 

clinical and MRI T staging. A general tendency to over stage the tumor was more evident in cases of physical 

examination than MRI Similar observation was seen in the study performed by Paiboon JJ et al, which also show that 

mis- staging by clinical examination was higher compare to MRI [9]. The substantial agreement (K value 0.740) for the 

MRI T staging compared with histopathological staging was noted. Zeng et al. also conducted similar studies and 

founded that MRI showed good performance in displaying tumor borders, depth of invasion andlocal extension which is 

consistent with present study [10]. The high incidence of T4 lesions in this study is related more to the facility of 

infiltration of surrounding structures like extension to the extrinsic muscles, encasement of neurovascular bundle, 

invasion of the FOM and base tongue, (upstaging disease to T4a) (according to TNM criteria [Table 1] than to the 

considerable sizes of the tumors. Involvement of adjacent structures, as opposed to the T stage, is more important in these 

tumors (figure 3). The accuracy of MR with regard to the evaluation of the relationship between the tumorsand 

surrounding structures washigh, more than 90% in this study. This has important implications in the treatment of disease 

in planning surgery as previously discussed [11]. Apart from tumor size, MRI alsodetermines the depth of invasion 

preoperatively (figure 4), which is one of the primary predictors of the nodal metastasis Okura, et alevaluated the features 

of primary tongue SCC on MR imaging to predict cervical nodal metastases and found that a tumor thickness of >9.7 mm 

was a significant predictor for nodal metastases and proposed that elective neck dissection could be performed in such 

cases [12]. The similar findings, 70% of patients with a radiological tumor thickness of more than 8.5mm showed 

evidence of cervical lymph node metastasis in this study.  

 

 

 

 

 

 

 

 

 

Figure-3: Axial contrast enhanced MRI shows tongue tumor 

extendsintosublingual space with neurovascular bundle invasion. 

 

 

 

 

 

 

 

 

 

Figure-4: Demonstrates calculation of depth of invasion, the reference green line represents line drawn between the two 

tumor mucosal junctions and whitelineson either side of it represents perpendicular measurements at thepoint of maximal 

tumor projection which are added to get tumor thickness. 

 

For assessment of bone marrow invasion MRI is superior, it can detect involvement of bone marrow, even in the absence 

of discontinuity of the cortical bone. It has high sensitivity 95%, an accuracy of 87% and a lower specificity (75%) in 

establishing bone marrow infiltration. These results agree with those reported in other studies where the specificity was 

71%, the accuracy 77% and the sensitivity 100% [13]. The diagnosis of the infiltration of the cortical bone of the 
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mandible is made on the basis of the loss of the low-signal line of the cortical bone. MRI has low sensitivity 66% and 

accuracy of 93 for the evaluation of the cortical bone of the mandible. In this study one lesion was mistakenly considered 

T2 at MR because of lack of evidence of very small in filtration of mandibular cortical bone. Hence the overall 

sensitivity, the specificity and the accuracy of MRI in the detection of mandibular involvement were 94.1%, 60% and 

81.5% respectively and the positive and negative predictive values were 80% and 85.7%, respectively.  

 

Presence of cervical lymph nodes metastasis is one of the most important prognostic factors with an associated reduction 

of 50% in patient survival. MRI is also used to assess the extent of lymphadenopathy. The commonly using parameter of 

the nodal involvement on conventional MR imaging techniques are size, shape and centrally necrosis. Presence of central 

necrosis is the most reliable sign of malignancy [14]. These parameters are not adequate to discriminate benign from 

malignant nodes. In recent studies diffusion weighted imaginghas become the main sequence is used to assess the 

presence of occult metastatic lymph nodes [15]. The mean ADC value for malignantand benign node was 0.8 x 10-3 and 

1.2 x 10-3 mm2/sec respectively (figure 5). 

 

 

Figure-5: Diffusion weighted images on b=1000 sec/mm2 shows 

hyperintensity in non- necrotic level 1 b lymph nodes bilaterally. 

 

Cervical lymph node metastasis was found in 34 cases out of 60 cases in our study, with the most commonly involved 

lymph node level I B. 

 

Limitations- For small superficial lesions additional techniques are needed to better assess the lesion. Artifacts seen 

mostly in olderage groups due to motion and dental filing magnetic susceptibility causing filed distortion. Such artifacts 

some times leads to false interpretation of images  

Conclusion  

In conclusion, MR showed a high correlation with 

histopathology in the evaluation of T stage and 

relationship with surrounding structures and bone 

marrow invasion. The depth of invasion inoral cancers 

can beassessed and measures satisfactory on MRI which 

helps in predicting cervical lymph nodal metastasis. 

Diffusion weighted imaging could be considered an 

important supportive tool to differentiate between 

benign and malignant cervical lymph nodes and 

valuable for predicting occult cervical nodal metastasis. 

Hence MRI is the preferred modality of choice for 

staging of oral cavity malignancy which helps the 

clinician for planning of treatment. 
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