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INTRODUCTION
India has the distinction of having the world's largest number of oral 
cancer patients with an annual age-standardized incidence of 10.4 per 
1,00,000. In India, it is the most common cancer amongst males 
(16.1% of all cancers) and the fourth commonest cancer amongst 

[1]females (4.1% of all cancers).

Accurate standardized imaging in oral malignancies is a boon for 
judging operability and assessing the prognostic characteristics such 
as the tumour thickness, cervical lymph nodal metastases and 

[2]extracapsular spread. 

In recent times, Diffusion weighted MRI(DW-MRI) in conjunction 
with anatomical MRI has emerged as the leading modality of choice to 
characterize and stage these malignancies, as recent studies have 
shown it to be superior in detecting nodal metastasis. What makes DW-
MRI popular is the non-invasive acquisition, it does not require any 
exogenous contrast agents and no ionizing radiation. It is quantitative 

[2]and can be obtained relatively rapidly. 

thThe American Joint Committee on Cancer (AJCC), 8  edition gives a 
fresh direction to the staging of head-and-neck cancers. It introduces 
several novel considerations into the staging of head-and-neck cancer, 
with distinct therapeutic ramications, to stage patients better. Under 
the new guidelines for oral cavity malignancies, depth of invasion is 
introduced as a determinant of T-stage. This results in standardization 
of the staging and highlights the role of depth of invasion in nodal 

[3,4]spread and overall survival. 

DOI is more important in the context of tumour inltration than the 
tumour thickness. It is known that the risk of nodal metastasis and 

[5,6]recurrence increases with increase in DOI.

However, the limitation rises due to challenges in measurement of DOI 
[4]clinically in certain subsites and interobserver variability.

Thus, the present study evaluated the accuracy of radiological depth of 
invasion and staging in inuencing management regarding surgical 
access and planned margins along with prediction of cervical 
metastasis and evaluated the role in ensuring only essential and 
effective surgical management and neck dissection. 

AIM AND OBJECTIVES
Ÿ To evaluate the malignancies of tongue and oral cavity with the 

help of different sequences of magnetic resonance imaging (MRI).

MATERIAL AND METHODS
This is a cross-sectional observational study conducted in the 
Department of Radiodiagnosis, GMCH, Udaipur during the period 
January 2020 to July 2021. All patients clinically suspected to have 
malignant tongue and oral cavity lesions along with treatment naïve 
patients with diagnosed malignancies were included irrespective of 
age and sex were included.

Patients who had a contraindication to MRI (such as those with 
pacemakers, cochlear implants, and claustrophobic patients). Those 
having any previous history of surgical treatment, radiotherapy, or 
chemotherapy for malignancy of tongue & oral cavity and patients 
who had allergic manifestations in previous contrast studies were 
excluded. We included 56 eligible patients in our study.

A detailed history of the patient was taken including a history of any 
occupational exposures to carcinogens/toxins, any history of tobacco 
and smoke exposure (tobacco chewers or smokers), personal health 
history, and history of malignancy. Each patient was subjected to a 
detailed clinical examination to establish their clinical TNM stage.

All 56 patients were at or below TNM stage IVa according to and 
underwent surgery thereafter. The postoperative samples were then 
sent for histopathological examination and histopathological TNM 
staging was also described by a pathologist.

MR Technique
All the studies were performed on a 3 Tesla scanner (SIGNA 
ARCHITECT) The patient was placed in the supine position on the 
MRI table and a dedicated 16 channel head neck (HNS) coil was 
applied for both conventional and DW-MRI. The Range was kept from 
the base of the skull to the clavicles in a matrix of 276 x 184 FOV at 250 
with a slice thickness of 3-4mm.

Routine T1WI [Axial and coronal spin-echo T1 W (TR, 500-600ms; 
TE,7-10ms)], T2WI [Axial, coronal and sagittal fast spin-echo T2 W 
(TR,3000-4000 ms; TE,90-100ms)], Short Tau Inversion Recovery 
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ABSTRACT
INTRODUCTION: In recent times, Diffusion weighted MRI(DW-MRI) in conjunction with anatomical MRI has emerged as the leading 
modality of choice to characterize and stage these malignancies, as recent studies have shown it to be superior in detecting nodal metastasis. What 
makes DW-MRI popular is the non-invasive acquisition, it does not require any exogenous contrast agents and no ionizing radiation. It is 
quantitative and can be obtained relatively rapidly. 
AIM :  To evaluate the malignancies of tongue and oral cavity with the help of different sequences of magnetic resonance imaging (MRI). 
MATERIAL AND METHODS: This is a cross-sectional observational study conducted in the Department of Radiodiagnosis, GMCH, Udaipur 
during the period January 2020 to July 2021. All patients clinically suspected to have malignant tongue and oral cavity lesions along with treatment 
naïve patients with diagnosed malignancies were included irrespective of age and sex were included.
RESULTS: Out of 56 patients, 51.8% had carcinoma buccal mucosa, 26.8% had carcinoma tongue, 12.5% had carcinoma alveolus, 5.4% had 

-3 2carcinoma gingivobuccal sulcus and 3.6% had carcinoma lip. The cut-off value of 1.15 x10  mm /s for ADC on ROC analysis. For diagnosing 
metastatic lymph nodes, the AUC was found to be 0.88 ± 0.04, p value < 0.001.
CONCLUSION: MRI T and overall staging had fair level of agreement with clinical T and staging. MRI T had moderate agreement with 
histological T, near perfect agreement with N and substantial agreement for overall staging. MRI had a sensitivity of 96.4%, specicity of 89.2% 
and overall diagnostic accuracy of 92.8% for detecting lymph node metastasis.
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(STIR) at inversion time of 150ms sequences in coronal plane, axial 
diffusion-weighted sequence (at b value of 0.500 and 1000s/mm2 per 
axis) followed by axial T1W (post-contrast) sequence were performed.

Depth of tumor invasion 
The sequence of choice for measurement of the depth of invasion for 
tongue and buccal subsites was axial gadolinium-enhanced T1-
weighted. 

The reference line was drawn as a horizontal line tangential to the two 
tumor–mucosa junctions with a perpendicular line drawn from this 
line to the point of maximal tumor projection, thereby giving us the 
depth of invasion.

In the case of ulcerative tumors, the reference line was determined 
considering the presumed original surface level as tumor surface.

Size
Axial, coronal T2WI, and post-contrast T1WI were used for measuring 
the size of the lesion. The lesion appears slightly T2WI hyperintense 
while T1WI isointense to surrounding mucosa which renders the 
lesion difcult to identify. Axial and coronal images were taken to 
measure maximum three-dimensional sizes and the lesion was staged 
under category T of TNM staging criteria of carcinoma oral cavity.

Lymph nodal metastasis
Before diffusion-weighted MR imaging, T1-weighted and T2-
weighted fast spin-echo images were obtained in the transverse plane. 
After that, diffusion-weighted MR images were obtained at the level 
where the largest transverse section of the lesion was identied on MR 
images before administration of contrast material. 

An electronic cursor in the standard software imager was used to dene 
the Region of Interest (ROI) in each patient and the ADC value was 
automatically reconstructed. 

While performing diffusion-weighted MR imaging, obvious cystic 
portions and calcied areas were avoided. The image distortion caused 
by susceptibility artifacts and the severity of chemical shift artifacts 
was reduced and the sequence repeated if any sequence was judged 
sub-optimal by the radiologist.

RESULTS
Table 1. Distribution of patients according to their final site of 
malignancy

Table 2. Association between radiological tumor staging and 
clinical staging

Table 3. Association between histological tumor staging and 
clinical staging

Table 4. Association between histological tumor staging and 
radiological staging
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Final Site Final subsite Frequency Percent
Carcinoma alveolus 
(n=7, 12.5%)

Left lower alveolus 3 5.4
Right lower alveolus 4 7.1

Carcinoma buccal 
mucosa (n=29, 
51.8%)

Left Buccal Mucosa 14 25
Right Buccal Mucosa 9 16.1
Left retromolar trigone 4 7.1
Right retromolar trigone 2 3.6

Carcinoma 
gingivobuccal 
sulcus (n=3, 5.4%)

Left gingivobuccal sulcus 1 1.8
Right gingivobuccal sulcus 1 1.8
Upper and lower 
gingivobuccal sulcus

1 1.8

Carcinoma lip 
(n=2, 3.6%)

Lower lip 2 3.6

Carcinoma tongue 
(n=15, 26.8%)

Left lateral border of 
tongue

5 8.9

Right lateral border of 
tongue

7 12.6

Bilateral halves of tongue 1 1.8
Right half 2 3.6

Total  56 100

 Clinical T Total
MRI T 1.0 2.0 3.0 4.0  

1.0 3 0 0 0 3
2.0 1 16 2 2 21
3.0 0 5 5 11 21
4.0 0 2 2 7 11

Total 4 23 9 20 56

chi square p value < 0.001; kappa = 0.37
Clinical N  Total

MRI N 0.0 1.0 2.0  
0.0 20 6 0 26  
1.0 7 5 0 12  
2.0 8 10 0 18  

Total 35 21 0 56  
chi square p value = 0.08; kappa = 0.12

C-Stage Total
MRI stage I II III Iva  

I 3 0 0 0 3
II 1 6 3 0 10
III 0 6 6 6 18
IVa 0 5 6 14 25

Total 4 17 15 20 56
 chi square p value < 0.01; kappa = 0.31

 Histological T Total
Clinical T 1.0 2.0 3.0 4.0  

1.0 4 0 0 0 4
2.0 1 14 7 1 23
3.0 0 5 2 2 9
4.0 0 5 6 9 20

Total 5 24 15 12 56
chi square p value < 0.001; kappa = 0.31

Histological N  Total
Clinical N 0.0 1.0 2.0  

0.0 21 5 9 35  
1.0 7 4 10 21  

Total 28 9 19 56  
chi square p value = 0.14; kappa = 0.11
Histological stage Total

Clinical stage I II III IVa  
I 4 0 0 0 4
II 0 9 3 5 17
III 0 4 5 6 15
IVa 0 1 3 16 20

Total 4 14 11 27 56
 chi square p value < 0.01; kappa = 0.43

 Histological T Total
MRI T 1.0 2.0 3.0 4.0  

1.0 3 0 0 0 3
2.0 2 16 3 0 21
3.0 0 6 10 5 21
4.0 0 2 2 7 11

Total 5 24 15 12 56
chi square p value < 0.001; kappa = 0.48

Histological N  Total
MRI N 0.0 1.0 2.0  

0.0 25 1 0 26  
1.0 3 8 1 12  
2.0 0 0 18 18  

Total 28 9 19 56  
chi square p value < 0.01; kappa = 0.85 

Histological stage Total
MRI stage I II III Iva  

I 3 0 0 0 3
II 1 8 1 0 10
III 0 5 9 4 18
IVa 0 1 1 23 25

Total 4 14 11 27 56
 chi square p value < 0.01; kappa = 0.65
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Table 5. Diagnostic accuracy of detecting lymph nodes metastasis 
on MRI

Sensitivity 96.40%
Specicity 89.20%
Positive predictive value90%
Negative predictive value 96.10%
Accuracy 92.80%

Graph 1. Receiver Operating Characteristic curve analysis of 
ADC for diagnosing lymph node metastasis

-3 2We calculated the cut-off value of 1.15 x10  mm /s for ADC on ROC 
analysis. For diagnosing metastatic lymph nodes, the area under the 
curve was found to be 0.88 ± 0.04, 95% condence intervals 0.79 to 
0.97, p value < 0.001.

Table 6. Accuracy of diagnosing lymph node metastasis based on 
ADC

Sensitivity 85.71%
Specicity 85.19%
Positive predictive value 86%
Negative predictive value 85.19%
Accuracy 85.45%

-3 2Using the cut-off value of 1.15 x10  mm /s for ADC, lymph node 
metastasis was present in 28 cases. Based on this, ADC with cut-off 
value less than 1.15 has a sensitivity of 85.7%, specicity of 85.1%, 
and overall accuracy of 85.4%.

CASES
Case 1:

Carcinoma tongue
Ÿ Contrast enhanced T1, T2 and STIR sequences show a T2/STIR 

hyperintense ulcerated area with signicant restriction on 
diffusion involving left lateral border and anterior 2/3rd of left half 
of tongue. Post contrast images reveals signicant enhancement. 
Max dimension <4cm, however Depth of invasion is 14mm. No 
evidence of any extension into the retromolar trigone. No evidence 
of any body erosion. A lymph node of size 15mm in SAD and ADC 
value 0.6 x10-3 mm2/s is seen in left level 1B. 

Ÿ Staged as TNM III (T3N1M0) with final histopathological report 
confirming the lymph nodal spread.

Case 2:

Carcinoma tongue
Ÿ There is a large abnormal signal intensity lesion (65mm x 26mm x 

47mm) involving tongue, predominantly right half also crossing 
midline to involve left half appearing hypointense on T1 and 
hyperintense on STIR sequence. Post contrast scans show 
heterogeneous enhancement. The mass lesion extends posteriorly 
to involving base of tongue and right vallecula and inferiorly to 
inltrate adjacent oor of mouth. Abnormal marrow signals noted 
in the body of mandible, appearing hyperintense on STIR 
sequence, possibly suggesting inltration. There are multiple 
enlarged enhancing centrally necrotic right sided level Ib, III, IV, V 
& VII and bilateral II cervical lymph nodes, largest measuring 
59mm x 43mm. 

Case 3:

Carcinoma right buccal mucosa.
Ÿ There is altered signal intensity lesion of size 30mm x 25mm x 

9mm (Depth of invasion- 9mm) noted in the right buccal mucosa 
which appears hyperintense on T2W and STIR sequence and 
showing partial diffusion of restriction. On post contrast study it is 
showing heterogeneous enhancement. It is extending into the 
adjacent portion of the subcutaneous tissue and reaching up to the 
skin involving the lower lip. Posteriorly, it is not extending to the 
RMT or masticator space. No obvious bone erosion is noted. Sub 
centimeter sized lymph nodes are noted in the bilateral level Ib and 
II, largest measuring 8.5 mm in left level Ib with ADC value of 0.9 
x10-3 mm2/s, while the rest showed values of 1.4 to 1.7 x10-3 
mm2/s.

Ÿ Staged as TNM IVa (T4aN2aM0) with final histopathological 
staging proving the single ipsilateral metastatic lymph node.

DISCUSSION
In our study, mean age of the patients was 47.8 ± 11.05 years, ranging 
from 30 to 78 years. In addition, 80.4% of the patients were males.
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LN metastasis 
detected on MRI

LN metastasis detected intra-operatively Total
 Yes No

Yes 27 3 30
No 1 25 26

Total 28 28 56

-3 2Based on ADC cut-off of 1.15 x10  mm /s Intra-operative
Metastasis No Metastasis

Metastasis 24 4
No Metastasis 4 28
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We observed that there was a fair level of agreement between clinical T 
and histological T (kappa = 0.31) and moderate agreement between 
overall clinical staging and overall histological staging (kappa = 0.43).
Ravikanth reported that the agreement for the T stage was poor (k = 
0.012) between the clinical and histopathology staging assessments. 
Agreement for the N stage was poor (k = 0.091) between the clinical 
and histopathology staging assessments.

In our study, there was a moderate level of agreement between MRI T 
and histological T (kappa = 0.48), near perfect agreement between 
MRI N and histological N (kappa = 0.85) and substantial agreement 
between overall MRI staging and overall histological staging (kappa = 
0.65).

In the study by Amandeep et al, good/substantial (k=0.790) agreement 
for the T stage was seen between MRI and histopathology staging 

[7]assessments.  The agreement for the N stage was moderate (k=0.458) 
between MRI and histopathology staging assessments. The agreement 
for the T stage was poor (k=0.085) between the clinical and 

[8]histopathology staging assessment.

Depth of invasion
In our study, mean depth of invasion calculated histologically (8.8 ± 
7.33), which was signicantly less than mean depth calculated on MRI 
was 10.48 ± 5.95, p value < 0.01. The shrinkage factor calculated was 
84.5%.

Lawein et al suggested that there is tumor shrinkage after resection 
affecting all oral cavity subsites, including the oral tongue. The tumor 

[9]shrinkage factor for oral tongue cancer has been reported to be 87%.

In a similar study, Goel et al reported that the average depth of invasion 
[2]calculated on MRI was 8.47mm and by histopathology was 6.85mm.  

Pearson's correlation coefcient was 0.988. Shrinkage factor was 0.8 
in their study.

Ravikanth observed that the mean depth of invasion by histology and 
[10]MRI was14.22 mm and 16.12 mm, respectively.  Moderate 

agreement (k = 0.541) was noted between clinical and pathological 
tumor depth and good agreement (k = 0.844) was noted between 
radiological and pathological tumor depth. The correlation between 
depth of invasion reported on MRI and pathologic depth of invasion (r 
= 0.93; P <0.001).

Detection of lymph node metastasis on MRI
We observed that MRI had a sensitivity of 96.4%, specicity of 89.2% 
and overall diagnostic accuracy of 92.8% for diagnosing metastatic 
lymph nodes.

In a recent study, Laimer et al determined the diagnostic accuracy of 
MRI for detecting cervical lymph node metastases in oral squamous 

[12]cell carcinoma patients.  They reported that MRI had a sensitivity of 
85.7%, specicity of 75.6%, positive predictive value of 68.6% and 
negative predictive value of 89.5%.

Mean ADC values and its ability to detect lymph node metastasis
-3 2In our study, mean ADC was 0.84 ± 0.28 x10  mm /s) in patients with 

metastatic lymph nodes. It was signicantly lower than patients who 
-3 2did not have metastatic lymph nodes (1.3 ± 0.22 x10  mm /s), p value < 

-3 20.001. In addition, using the cut-off value of 1.15 x10  mm /s for ADC, 
lymph node metastasis was present in 28 cases. Based on this, ADC 

-3 2with cut-off value less than 1.15 x10  mm /s has a sensitivity of 85.7%, 
specicity of 85.1%, and overall accuracy of 85.4%.

In a comparable study, Goel et al reported that the mean ADC value for 
-3 2malignant and benign lymph nodes was 0.84 ± 0.15 x10  mm /s and 

-3 2 [2]1.23 ± 0.12 x10  mm /s respectively.  Cut off value to discriminate 
-3 2between malignant and benign lymph nodes was 1.39 x10  mm /s in 

the present study. The sensitivity, specicity and accuracy of DWI in 
predicting cervical lymph nodal metastasis was 94.44%, 96% and 
95.08% respectively when compared with histopathology.

CONCLUSION
Based on the results of the study, we conclude that: MRI T and overall 
staging had fair level of agreement with clinical T and staging. MRI T 
had moderate agreement with histological T, near perfect agreement 
with N and substantial agreement for overall staging. MRI had a 
sensitivity of 96.4%, specicity of 89.2% and overall diagnostic 
accuracy of 92.8% for detecting lymph node metastasis.

We recommend that MRI could be considered an important supportive 
tool to differentiate between benign and malignant cervical lymph 
nodes in patients with oral squamous cell carcinoma. 
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