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ABSTRACT 

 
BACKGROUND AND OBJECTIVES 

 

 

Overall key to control primary tumor metastasis depends on various factors including the stage, 

extension, location of the tumor, level of involvement of lymph node and now the depth of 

invasion (DOI). With the increasing research on the prognosis of the oral carcinomas the 

scholars have successfully confirmed that the DOI of tumor has the direct influence on the 

overall disease free survival rate of patients. The American joint committee on cancer (eighth 

edition) on oral squamous cell carcinoma (OSCC) have included the DOI as a basis for 

implementation of TNM staging and have considered cut off points of DOI as 5mm and 10 mm 

for classification in T category.  The tumor mass not being planar geometrically but rather grows 

3 dimensionally, so surgeons should have the knowledge of third dimension that is the Depth 

of invasion for adequate resection with tumor free margins in order to prevent the loco regional 

recurrence in OSCC. A definitive correlation between the DOI, cervical lympnode metastasis 

and disease free survival rate of OSCC has been noted. 

 
MATERIALS AND METHODS 

Prospective study was conducted on patients reporting to SDM craniofacial Research centre 

from November 2019 to November 2021 who were subjected to surgery for resection of OSCC 

involving gingivo buccal sulcus along with neck dissection procedures. Preoperative 

ultrasonography evaluation of buccal mucosa and gingivo buccal sulcus and neck was 

performed. All examination were done by same sonologist using real timer sector scanner with 

a 7.5MHz and 10MHz frequency on linear transducers. Examination recorded the largest 

diameter of the lesion representing the depth of invasion of the tumour. Computed tomography 



performed using 128 multi slice and multi detector CT scanner and DOI was measured from 

surface of the tumour to deepest point of invasion. Preoperatively measured DOI from 

ultrasonography and computer tomography was then compared with the DOI measured post 

operatively of resected specimen by histological assessment. Lymph node examination was also 

performed to evaluate metastasis and extra capsular spread.  A cut-off value for DOI was 

derived, beyond which nodal metastasis was evident. 

 

RESULTS 

51 patients were included in the study of which 40(78.4%) were male patients and 11(21.6%) 

were female patients. Patients’ age ranged from 20 to 70 years. DOI measured preoperatively 

from USG in these cases ranged from 6mm to 37mm with average of 19.41mm. Estimation of 

DOI using the USG had a sensitivity of 100% with 0% of negative predictive value which 

showed the specificity similar to the negative predictive value with relative coefficient of 

0.0001, which was highly statistical significant. DOI measured from CT scan ranged from 6 to 

32mm with average value of 18.84mm. DOI measured using CT scan showed sensitivity of 

100% and 0% of negative predictive value, which was highly statistical significant with relative 

coefficient of 0.0001. The effectiveness of the CT scan and USG in preoperative measurement 

of DOI in gingivo buccal sulcus carcinoma was compared and were not statistically significant 

with p value of 0.475. But CT scan showed superiority in the measurement of DOI in gingivo 

buccal sulcus carcinoma when compared to USG scan. Histopathological DOI measured of 

resected specimen post operatively of all these patients ranged from 1.3mm to 16mm with 

average of 7.26mm. lowest DOI at which nodal metastasis observed was 3.4mm, so the cutoff 

value of  DOI above which metastasis was probable decided was 3.5mm for this series. . Extra 

capsular spread or invasion was seen in 6(11.7%) patients and loco regional recurrence 



following the surgery was seen in 2(3.9%) patients. 

 

 

INTERPRETATION AND CONCLUSION 

From this study it was found that histopathological examination of DOI is still the gold 

standard as compared to preoperative measurements using USG and CT scan. There is an 

extremely significant correlation between the microscopic DOI and the incidence of cervical 

lymph node metastasis, with increasing rate of nodal involvement seen with DOI greater than 

3.5mm. Extra capsular spread beyond the capsule of lymph node was the most significant 

predictor of both loco regional recurrence and development of distant metastasis, and it 

accounted for decreased survival in patients. 
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INTRODUCTION 

 
 

Head and neck carcinomas have the highest incidence among other carcinomas in the several 

regions of the country with trends still rising in the third population. [1] It accounts for more than 

5,50,000 cases worldwide with an increasing ratio of male to female incidence from 2:1 to 4:1.[1] 

Majority of it being squamous cell carcinomas [90%], and stands 6th in the incidence causing 

death among the overall world population. [1] Kane et al study explains that around 33% of 

people diagnosed with oral squamous cell carcinoma, present initially with cervical lymph node 

metastasis, which reduced the disease free survival rate of patients upto50%. [2] So overall key 

to control primary tumor metastasis depends on various factors including the stage, extension, 

location of the tumor, level of involvement of lymph node and now the depth of invasion (DOI). 

 

With the increasing research on the prognosis of the oral carcinomas the scholars have 

successfully confirmed that the DOI of tumor has the direct influence on the overall disease free 

survival rate of patients. [3] The American joint committee on cancer (eighth edition) on OSCC 

have included the DOI as a basis for implementation of TNM staging and have considered cut 

off points of DOI as 5mm and 10 mm for classification in T category. [3] The tumor mass is not 

a planar but rather grows 3 dimensionally, so surgeons should have the knowledge of third 

dimension that is the DOI for adequate resection with tumor free margins in order to prevent 

the loco regional recurrence. [3] Gingivobuccal carcinoma considered to be the aggressive 

tumors of oral cancers with a high degree of recurrence rate and poor prognosis, 80 % of the 

patients diagnosed with buccal carcinomas has a recurrence in less than 5 years at the primary 

site itself. [4]  
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Hence accurate evaluation of DOI in buccal OSCC is a key in obtaining deep tumor free 

margins. [3] A definitive correlation between the DOI, cervical lympnode metastasis and disease 

free survival rate of OSCC has been put forward by many authors. [5,6,7] 

 

Many advanced techniques have been introduced to measure the preoperative DOI of primary 

tumor including the real time sector USG and CT with different multislice images. USG is still 

considered a preoperative gold standard to measure DOI because of its advantages of radiation 

free imaging, and has excellent tumor visualization, economical, noninvasive and real time 

images can be obtained spontaneously. Real time sector USG can be performed rapidly on soft 

tissues of head and neck lesions and can accurately transfer the real time image with 

preoperative size, form, relation with deeper structures and also the extension of the tumors. It 

has the ability to measure tumor even less than 5mm in dimension and thickness within 0.1mm 

is necessary. [7] Many authors have suggested that USG can be used in preoperative adjunct to 

tumor staging in confirming precisely the patients with clinically negative lymph node(N0), 

which would help patients from elective neck dissection and also patient could be spared with 

unnecessary complications associated with neck dissection and also morbidity involved. 

 

CT is still considered as the standard tools for detecting the primary tumors and the local bone 

invasion (infiltration). Even a high degree of differentiation (low grade malignancy) can be 

detected in contrast CT.  Lymph node metastasis cannot be determined more accurately even 

with MDCT enhanced contrast scan despite of the evidence of micro metastasis detected in 

microscopic studies. MDCT has ability to determine the boundaries of the tumor and also to 

localize the primary site and help in preoperative assessment of DOI and regional lymph node  



3  

 

 

metastasis. [8] 

 

 

In this study, we have assessed the DOI of gingivobuccal carcinoma (primary) measured 

preoperatively by USG and CT and compared it to the histopathological DOI of the resected 

specimen, keeping the histological depth as the gold standard. 
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AIM AND OBJECTIVES 

 

1. This is a prospective study to assess the histopathological depth of invasion (DOI) of 

gingivobuccal carcinoma with the use of preoperative ultrasonography and computed 

tomography. 

2.  To compare the preoperative measurements obtained from ultrasonography and 

computer tomography with DOI measured (Histopathologically) in the primary tumor. 

3.  To correlate the histopathological depth of the resected specimen with the cervical node 

involvement (metastasized). 
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REVIEW OF LITERATURE 

 

The new AJCC staging system (8th edition) incorporates depth of invasion to stage oral cancers. 

It is a recognized predictor for neck nodal metastasis and local recurrence, the associated risk is 

not well defined. The aim of this study was to explore the risk of neck nodal metastasis and 

local recurrence in relation to depth in squamous cell carcinoma of GINIVOBUCCAL 

SULCUS. Several studies have been conducted to know the significance of depth of invasion 

in the head and neck carcinoma and depth of invasion is been considered as one of the potential 

factors deciding the prognosis of oral carcinomas. Below are some of the studies, 

 
 
 

J .N. Bruneton ,et al (1986) found in his prospective study on the value of ultrasound (US) for 

the staging of 70 cases of cancer of the tongue and tonsil were performed. A real-time, high-

frequency transducer was used, and the examination was often coupled with endobuccal 

palpation. US did not visualize the tumor in nine of 42 cases of tongue cancer (seven stage T1 

and two anterior stage T2 tumors); US accurately defined tumor size in 33 cases. The degree of 

in-depth extension and the location with respect to the median line (only four false results) were 

evaluated correctly. With regard to 28 tonsil cancers, US depicted extension from the tonsillar 

fossa to the tongue in all cases but one (13 of 14 cases). US is valuable for the detection of 

cervical lymph nodes associated with both tongue and tonsil tumors and is a safe and helpful 

technique for the follow-up of medium-size lesions. The major limitations of US include the no 

visualization of superficial lesions, reduced accuracy for evaluation of the extension of large  

about:blank
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tumors, and analysis of posterior pharyngeal extension. 

 

Condict Moore et al (1986) A retrospective review of records and microscopic slides was 

carried out on 151 patients, encompassing nine specific upper aero digestive tract cancer sites, 

correlating depth of invasion with node metastases and outcome. In this preliminary descriptive 

study, thickness was found to be more closely related to node metastasis and to survival than 

was surface diameter in middle-stage tumors, particularly in tongue, floor of the mouth, buccal 

mucosa, gum, and soft palate sites. Thickness, depth of penetration, and bone involvement 

appear to represent the degree of general tumor aggressiveness better than does surface extent. 

A substitution of thickness measurement for surface diameter (T) in the present TNM staging 

system is suggested. 

 

R H Spiro et al (1986) In this review of 105 consecutive patients who underwent operation for 

previously untreated, N0 squamous carcinomas arising in the oral tongue or the floor of the 

mouth, 86 percent of the determinate patients remained alive and well 2 years after treatment. 

Included were 48 patients, 49 patients, and 8 patients who had T1, T2, and T3 tumors 

respectively. Elective cervical lymphadenectomy was performed in about a third, but tumor 

staging did not facilitate selection of those who were most likely to have occult metastases. For 

this reason, we retrospectively assessed the impact of tumor thickness using an optical 

micrometer to measure the thickness in millimeters of the excised tumors in routinely prepared 

paraffin sections. Disease-related death appears to be unusual when oral tumors are thin (2 mm  

about:blank
about:blank


7  

 

or less), regardless of the tumor stage. Multivariate analysis confirms that increasing tumor 

thickness, rather than tumor stage, had the best correlation with treatment failure and survival. 

These findings need to be verified in prospective studies involving a larger patient population 

and other head and neck sites, but they strongly suggest that measurement of tumor thickness 

may be a better way to select those oral cancer patients who are most likely to benefit from 

elective treatment of the N0 neck.     

 

A R Fakih et al (1989) randomized trial was carried out to assess the value of elective versus 

therapeutic neck dissection in early squamous cell carcinoma of the oral tongue. Disease-free 

survival (median follow-up 20 months) was 52 percent versus 63 percent in patients who 

underwent hemiglossectomy alone and those who underwent hemiglossectomy and radical neck 

dissection, respectively (difference not statistically significant). Patients with a tumor depth of 

less than 4 mm did significantly better than those with a tumor depth of greater than 4 mm; they 

were also more likely to have uninvolved nodes at elective radical neck dissection compared 

with those with a tumor depth of greater than 4 mm. However, when the survival rates of patients 

in the two treatment groups were compared with respect to a tumor depth of 4 mm, there was 

no significant difference between the hemiglossectomy and the hemiglossectomy and radical 

neck dissection groups. A policy of interval elective radical neck dissection only in those with 

a tumor depth of greater than 4 mm may optimize cure rates and avoid neck dissection in those 

unlikely to develop neck recurrence. 

 

about:blank
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C Garel et al (1994) ultrasonography study of the tongue and the floor of the mouth was 

performed in 30 healthy children (aged from 1 day to 15 years) in order to assess the normal US 

anatomy of this region. The scans were performed in sagittal and coronal planes with a 7.5-mHz 

transducer. Moreover, 22 children (aged from 1 day to 15 years) presenting with various clinical 

symptoms underwent US examination. This series included infectious and congenital diseases. 

The US findings were correlated with surgery and pathology in 19 cases, with the clinical 

follow-up in 2 cases and with the nuclear study in 1 case. In each case, US could anatomically 

locate the lesion with very good accuracy , concluded that US of the tongue and the floor of the 

mouth in children yields overall very good accuracy in the investigation of diseases of this 

region. this study, purpose was (1) to evaluate the normal sonographic anatomy of the tongue 

and the floor of the mouth in children and (2) to determine whether it was possible to correctly 

localize various lesions and to evaluate their nature in order to guide the therapeutic approach. 

 

E W Odell   et al (1994)  Forty-seven small lingual carcinomas limited to the lateral border of 

the tongue and treated by radiotherapy were graded histologically at their deep invasive front. 

Clinical and grading parameters were correlated by statistical tests performed by permutation 

techniques. Carcinoma recurred locally in 6 patients, and metastases developed in 19. Local 

recurrence correlated with Broders' grade. Seven of 8 carcinomas with diffuse infiltrating 

patterns metastasized, whereas only 4 of 25 with large islands or a broad infiltrating pattern 

metastasized. The usefulness of the deep invasive front grading system for small lingual 

carcinoma was demonstrated. The pattern of invasion was the component of the grading system 

that had the closest correlation with metastasis and recurrence in this type of carcinoma. 

about:blank
about:blank
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J A Woolgar et al(1997)  The histological characteristics and extent of tumour spread at the 

primary site and in the neck are described in a series of 50 patients with a T2 squamous cell 

carcinoma of the oral tongue. The likely site of origin was lateral tongue in 29 cases and ventral 

tongue in 21 cases. Simultaneous tumors were evident in four resections and multifocal 

dysplasia in a further 13. Lymph node metastasis was diagnosed histologically in 27 cases, 

including one case with bilateral metastases. Comparison of the groups, with and without 

metastasis, showed significant differences in tumour thickness, tumour diameter, multifactorial 

histological malignancy grade, vessel invasion and nerve invasion. The number of positive 

lymph nodes per patient ranged from 1 to 16 (mean 3), and 17 dissections showed spread beyond 

the nodal capsule. Postoperative follow-up ranged from 1 to 6 years and, at the time of analysis, 

18 patients had died of or with disease. Loco-regional failure was related to 'high-risk' features 

at the primary site and extra capsular spread in the neck. 

 

S C Hodder  et al (2000)  49 patients with oral squamous cell carcinoma (SCC) who had their 

cervical regional lymph nodes examined by ultrasound (US), with or without fine needle 

aspiration cytology (FNAC), for the detection of metastatic spread. They were screened over a 

two-year period (1993-1995) by computed tomography (CT) and magnetic resonance imaging 

(MRI) or both to measure the primary tumour. US, with or without FNAC, was used to stage 

the neck. All tumours were biopsied preoperatively and the diagnosis of SCC confirmed by 

histological examination. Management of the neck was based on US staging. Thirty-five 

patients had neck dissections and 14 were managed conservatively. Mean follow-up was 30 

months (range 24-48). All patients were alive at one year, but one died at 14 months from  

about:blank
about:blank
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recurrence of disease in the neck. There were 3 false negatives (6%). found that US, with or 

without FNAC, is an accurate (86%), sensitive (92%) and specific (83%) technique for the 

preoperative assessment of lymph node metastases in patients with SCC. 

 

S shintani  et al (2001) Tumor thickness (the depth of invasion) is a valuable prognostic factor 

in oral cancers, especially as a predictor of cervical lymph node metastasis. Accurate 

preoperative assessment of the tumor thickness of tongue cancer would provide useful 

information for targeting those patients for whom elective treatment of the neck is appropriate 

when the primary tumor is resected. No studies have been done measuring the tumor thickness 

of tongue cancer preoperatively. The present study was undertaken in order to evaluate the 

clinical usefulness of intraoral ultrasonography as a tool to delineate tumor extent and measure 

the thickness of tongue carcinomas.  Results demonstrated that intraoral ultrasonography is an 

excellent method to delineate tumor extent and measure tumor thickness in carcinomas. 

 

S V KANE et al (2006) Forty-eight previously untreated patients with clinically T1 or T2, and 

N0, squamous carcinomas of the oral cavity who were treated with primary excision of the 

tumour and elective neck node dissection were selected. Various histological factors including 

T size, gross and microscopic tumour depth and thickness, grade of differentiation, pattern of 

invasion, inflammatory response, perineural and lymphovascular invasion were studied. The 

statistical significance of various parameters as predictors of subclinical node metastasis was 

determined using logistic regression analysis. Of all the parameters studied, microscopic tumour  
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depth and thickness were the only significant factors (P value=0.026 and 0.046, respectively) 

which correlated with cervical node metastasis, on univariate analysis. Tumour depth emerged 

as a single most significant predictor on multivariate analysis. Majority of patients with node 

metastasis had a tumour depth of more than or equal to 5 mm. Depth is the most significant 

predictor of cervical node metastasis in early squamous carcinomas of the oral cavity. Patients 

with a tumour depth of more than or equal to 5 mm are at an increased risk of harbouring node 

metastasis, hence should be taken up for elective node dissection. 

 

Shyam S Trehan et al (2015) oral carcinoma is considered to be loco regional disease which 

metastasizes to nodal and distant sites. Prognostic factors include size of tumor, nodal status, 

depth of invasion and various pathological factors. Depth of invasion has been suggestive to 

have a relationship with the occurrence of cervical metastasis. Aim was To study effect of depth 

of invasion and tumour size on risk of node metastasis in squamous cell carcinoma of oral 

cavity. : Preoperatively, 140 of the 196 patients were clinically N0; however, occult lymph node 

metastasis was found in 70 of these patients (36.1%). The prevalence of neck node metastasis 

in patients with T1/T2 and T3/T4 category tumors was 51.5 and 58.8%, respectively. The 

associations between the prevalence of neck node metastasis and both the degree of 

differentiation and the depth of invasion were statistically significant. The prevalence of neck 

lymph node metastasis in patients with squamous cell carcinoma of the oral cavity increases as 

the tumor depth increases. It is interesting that tumor size, which is the most important 

component of the TNM system, was not significantly associated with neck node involvement. 
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Sara Abu-Ghanem et al(2016) The elective management of no clinical or radiologic evidence 

of lymph node metastasis in the neck (cN0) in early stage T1-T2 oral tongue squamous cell 

carcinoma (OTSCC) has been the subject of much debate during the past 3 decades and 

continues to be controversial. A total of 20 retrospective and 3 prospective randomized studies 

that met the inclusion criteria, with a total of 3244 patients, were included in the meta-analysis 

The results showed that END significantly reduced risk of regional recurrence (random-effects 

model: OR, 0.32; 95% CI, 0.22-0.46; P < .001) and improved DSS (fixed-effects model: HR, 

0.49; 95% CI, 0.33-0.72; P < .001) compared with management by observation. However, END 

did not significantly improve OS (random-effects model: HR, 0.71; 95% CI, 0.41-1.22; P = .21). 

The findings of this systematic review and meta-analysis indicate that END can significantly 

reduce the rate of regional nodal recurrence and improve DSS in patients with cT1T2N0 

OTSCC. 

 

Bahbak Shariat-Madar et al (2017) impact of depth of invasion (DOI) in early-stage oral 

cavity squamous cell carcinoma (OCSCC) and its role in predicting occult cervical lymph node 

metastases. There are unequivocal management implications in the literature demonstrating a 

role for elective neck dissection in early-stage OCSCC based on DOI. Following appropriate 

patient selection, there may be a role for sentinel lymph node biopsy in regional lymph node 

staging in early stage OCSCC.  There are a multitude of studies demonstrating novel strategies 

to appropriately treat early-stage OCSCC, which are increasingly becoming standard of care. 

These strategies are altering the overall and disease-free survival of early-stage OCSCC. 

Despite advances, loco regional recurrence remains a challenge in this disease. The authors 

highlight a number of advances in the management of early-stage OCSCC as described in the  
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literature, which are having an impact on disease-free and overall survival. 

 

B. S. M. S. Siriwardena et al(2017) Developing histological prediction models that estimate 

the probability of developing metastatic deposit will help clinicians to identify individuals who 

need either radical or prophylactic neck dissection, which leads to better prognosis. 

Identification of accurate predictive models in oral cancer is important to overcome extensive 

prophylactic surgical management for neck nodes. Therefore, accurate prediction of metastasis 

in oral cancer would have an immediate clinical impact, especially to avoid unnecessary radical 

treatment of patients who are at a low risk of metastasis. Methods. Histologically confrmed 

OSCC cases with neck dissection were used. Interrelation of demographic, clinical, and 

histological data was done using univariate and multivariate analysis. Results. 465 cases were 

used and presence of metastasis and extracapsular invasion were statistically well correlated 

with level of diferentiation ( < 0.001) and pattern of invasion ( < 0.001). Multivariate analysis 

showed level of diferentiation, pattern of invasion, and stage as predictors of metastasis. The 

proposed predictive model may provide some guidance for maxillofacial surgeons to decide the 

appropriate treatment plan for OSCC, especially in developing countries. Tis model appears to 

be reliable and simple and may guide surgeons in planning surgical management of neck nodes. 

 

Muhammad Faisal et al (2018) new AJCC staging system (8th edition) incorporates depth of 

invasion to stage oral cancers. It is a recognized predictor for neck nodal metastasis and local 

recurrence, the associated risk is not well defined. The aim of this study was to explore the risk 

of occult neck nodal metastasis and local recurrence in relation to depth in early stage squamous 

cell carcinoma of oral tongue. And have evaluated records of 179 patients with early tongue  
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cancer treated in the unit from 2006–2015 with a mean age of 57.92 ± 11.93 years. Treatment 

modalities used were surgery (26%), surgery followed by radiotherapy (64%) and chemo-

radiation (10%). Neck dissection done was ipsilateral in 94% and bilateral in 6% of the patients. 

Patients were grouped according to the AJCC cut off points in 8th edition for depth; group A: 

1–5 mm (35%), group B: 6–10 mm (47%) and group C: > 10 mm (18%.Risk of local recurrence 

and nodal metastasis for Group A was 15% (10/63) and 23% (15/ 63), group B 20% (17/84) and 

34% (29/84), and group C 40% (13/32) and 53% (17/32). Depth more than 10 mm is associated 

with significantly increased risk of recurrence and nodal metastasis. Elective neck dissection 

should be a consideration for tumours having depth less than 5mm. 

 

 

Narges Ghazi et al (2018) Histopathological examination of DOI in OSCC lesions, it is 

important to consider the micro invasion. It has been shown that disturbance in the membrane 

is the first criterion for the diagnosis of micro invasion. Microinvasive SCC (MISCC) is defined 

as a SCC that extends into the stroma from the adjacent non-neoplastic epithelial membrane. 

According to studies, cut-off point for DOI has been reported in the range of 1.5–10 mm in 

MISCC. The difference can be explained by the various methods adopted by the pathologists 

for DOI measurements. Nevertheless, exact depth cutoff point has not been defined, although it 

is an important parameter of the disease. Given that planned treatment after histological 

examination may be changed, measuring the DOI should be performed as a part of routine 

histological evaluation. This may also be useful for classifying patients in the early stages of 

OSCC as well as for their treatment. 

 



15  

 

Kailiu Wu et al (2019) cervical lymph node relapse may occur in a large percentage of TSCC 

patients, which usually indicates poor prognosis. In this cohort study, the predictive value of the 

pathological features on cervical lymph node relapse and TSCC prognosis (disease free 

survival) were analyzed. One hundred forty-one TSCC patients staged as T1–2N0 were enrolled 

and categorized. Subjects were followed-up for 60 months. Univariate analysis was performed 

with Chi-square test for cervical lymph node relapse and Kaplan-Meier survival analysis and 

log rank P value for patient prognosis; multivariate analysis was also utilized with Cox 

regression. In univariate analysis, trabes growth pattern, depth of invasion greater than 4 mm, 

poor pathological differentiation and neurovascular invasion were considered as risk factors for 

cervical lymph node relapse and poor prognosis. In multivariate analysis, only patients with 

trabes growth pattern in the invasive front or depth of invasion larger than 4 mm had a higher 

risk of metastasis. Elder age group and trabes growth pattern of invasive front were considered 

as predictors of poor prognosis. Bad habits of smoking and alcohol consumption were related 

to the higher risk of metastasis. Trabes growth pattern of invasive front was a potent risk factor 

for TSCC cervical lymph node relapse and indicated poor prognosis. Preventive therapy 

including selective neck dissection was thus suggested for certain patients. 

 

 

Cesare Piazza et al (2019) The 8th Edition of the AJCC/UICC TNM staging system performs 

better than the previous one when applied to tongue SCC, showing overall improved 

prognostication for each stage. However, while the difference between early- and advanced-

staged diseases is solid, the distinction between the T1 and T2 categories remains unsatisfactory. 

One reason might be that in early-stage tongue SCC more ancillary clinical and histopathologic  
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factors, in addition to size and DOI of the primary tumor, have an influence on prognosis, while 

the impact of DOI on DSS is strong enough to separate early from advanced tongue SCC. 

Prognostication based on pathologic staging (using predictive models like nomograms) is 

definitively much more informative, even though not applicable in the preoperative setting and 

more complex than every TNM staging system. However, the probability of nodal metastasis 

in a clinically negative neck is definitely influenced by DOI, even though there is uncertainty 

regarding the magnitude of the phenomenon itself. Conversely, the employment of TNM 

staging for choosing treatment, or whether to proceed to neck dissection, should be discouraged, 

as staging per se does not adequately separate T1 and T2N0 patients according to the risk of 

occult nodal metastasis. Further high-quality prospective randomized trials are needed to obtain 

information useful in treatment planning of these clinical scenarios. 

 

Debajyoti Chatterjee et al(2019) The management and prognosis of oral squamous cell 

carcinoma (OSCC) depend on tumor stage and lymph node (LN) metastasis status. Early-stage 

(T1/T2 N0M0) OSCC comprises a heterogeneous group. they evaluated the role of histological 

parameters including worst pattern of invasion (WPOI) and tumor budding to determine the risk 

of LN metastasis in cases of OSCC and to determine the risk of recurrence and death in early-

stage OSCC in north Indian patients. All cases of buccal mucosa and tongue SCC which 

underwent excision over 4 and half years were reviewed for histological parameters including 

histologic grade, WPOI, tumor budding, lymphovascular emboli (LVE), perineural invasion 

(PNI), depth of invasion (DOI), host lymphocyte response, and stromal response and compared 

to LN metastasis. Clinical follow-up of early-stage tumor was obtained and compared. A total 

of 126 cases of OSCC were included, of which 48 showed LN metastasis. Histological grade,  
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WPOI, tumor budding, LVE, and PNI were significantly associated with risk of LN metastasis. 

On multivariate analysis, WPOI and tumor budding were 2 most significant factors. Among the 

early-stage tumors with available follow up, DOI, WPOI, tumor budding, and LVE were 

associated with a shorter overall survival, although it was not statistically significant. So he 

concluded that WPOI and tumor budding are important risk factors for predicting LN metastasis 

in all stages of OSCC and associated with a poorer outcome in early-stage tumors. These are 

easy and reliable prognostic factors and should be included in the histopathological reporting 

guidelines. 

 

Justine Moe et al (2020) Depth of invasion (DOI) is an independent predictor of regional 

metastasis in oral squamous cell carcinoma (OSCC). Measurement criteria for DOI were 

modified in the American Joint Committee on Cancer (AJCC) 8th edition. The purpose of this 

study was to compare DOI AJCC 7th (DOI7) and 8th (DOI8) edition criteria on frozen section 

accuracy for decisions regarding elective neck dissection (END) in cT1N0 OSCC. 30 specimens 

of T1N0 OSCC (16 tongue, 5 alveolus, 5 floor of mouth, 4 buccal mucosa) were included. DOI7 

versus DOI8 on frozen and permanent specimen were significantly different. 100% concordance 

between DOI7 and DOI8 was noted on frozen specimen in predicting the need for END when 

compared to permanent pathology DOI. There was no significant impact of tumour growth 

pattern or WPOI on measurements, and no significant difference in DOI on frozen and 

permanent specimen for DOI8 (p=0.68). Excellent agreement between pathologists for all 

measurements was observed (ICC>0.99, p<0001). : High concordance between DOI 

measurements by AJCC 7th and 8th edition criteria suggests that guidelines for DOI thresholds 

for END in T1N0 patients developed using AJCC 7th edition can be safely applied using AJCC  
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8th edition criteria. DOI measurement by AJCC 8 criteria on frozen specimen can be used to 

guide decision-making regarding END given the high correlation to AJCC 8 permanent DOI 

measurement. 

 

 Cornelia G.F et al(2020) Depth of invasion (DOI) is the most important predictor for lymph 

node metastasis (LNM) in early stage (T1-T2) oral cancer. The aim of this study is to validate 

the cut-off value of 4 mm on which the decision to perform an Elective Neck Dissection (END) 

is made. Materials and methods: they have performed a retrospective study in patients with 

pathologically proven early stage oral cavity squamous cell carcinoma (OCSCC) without 

clinical or radiological signs of LNM, who were treated between 2013 and 2018. An END was 

performed when DOI was ≥ 4 mm and a watchful waiting protocol was applied in patients with 

DOI < 4 mm. Results: Three hundred patients were included. END was performed in 77% of 

patients with DOI ≥ 4 mm, of which 36% had occult LNM (pN+). Patients in the watchful 

waiting group (48%) developed a regional recurrence in 5.2% for DOI < 4 mm and 24.1% for 

DOI ≥ 4 mm. For DOI ≥ 4 mm, regional recurrence free survival was higher for patients who 

were treated with END compared to watchful waiting (p = 0.002). A Receiver Operator-Curve 

-analysis showed that a DOI cut-off value of 4.0 mm was the optimal threshold for the prediction 

of occult LNM (95.1% sensitivity, 52.9% specificity). And concluded as DOI of ≥ 4 mm is an 

accurate cut-off value for performing an END in early stage OCSCC. END results in higher 

survival rates and lower regional recurrence rates in patients with DOI ≥ 4 mm. 

 

ChunmiaoXu et al (2020) Depth of invasion (DOI) can be calculated preoperatively by MRI, 

and whether MRI-determined DOI can predict prognosis as well as whether it can be used as an  
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indicator of neck dissection in cT1N0 tongue squamous cell carcinoma (SCC) remains 

unknown. The main goal of the current study was to answer these unknowns. A total of 151 

patients with surgically treated cT1N0 tongue SCC were retrospectively enrolled, and MRI-

determined DOI was measured based on T1-weighted layers with a 3.0T scan. The Chi-square 

test was used to evaluate the association between clinical pathologic variables and neck lymph 

node metastasis, and the factors that were significant in the Chi-square test were then analyzed 

in a multivariate logistic regression analysis model to determine the independent predictors. The 

main study endpoints were loco regional control (LRC) and disease-specific survival (DSS), 

and the KaplanMeier method (log-rank test) was used to calculate the LRC and DSS rates. The 

factors that were significant in univariate analysis were then analyzed in the Cox model to 

determine the independent prognostic factors. Positive neck lymph nodes were noted in 26 

(17.2%) patients; there was one positive lymph node in 15 patients, two positive lymph nodes 

in 7 patients, and three positive lymph nodes in 4 patients. There was no extra capsular spread 

in any of the positive lymph nodes. During our follow-up with a mean time of 70.4 (range: 8–

103) months, 30 patients underwent adjuvant radiotherapy, and 6 patients also underwent 

adjuvant chemotherapy. Loco regional recurrence occurred in 22 patients, of whom 16 patients 

had cervical metastasis at the time of initial treatment, and disease-related death occurred in 13 

patients. 
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Yassine Aaboubout et al (2021) The depth of invasion (DOI) is considered an independent 

risk factor for occult lymph node metastasis in oral cavity squamous cell carcinoma (OCSCC). 

It is used to decide whether an elective neck dissection (END) is indicated in the case of a 

clinically negative neck for early stage carcinoma (pT1/pT2). However, there is no consensus 

on the cut-off value of the DOI for performing an END. The aim of this study was to determine 

a cut-off value for clinical decision making on END, by assessing the association of the DOI 

and the risk of occult lymph node metastasis in early OCSCC. A total of 222 patients were 

included, 117 pT1 and 105 pT2. Occult lymph node metastasis was found in 39 of the 166 

patients who received END. Univariate logistic regression analysis showed DOI to be a 

significant predictor for occult lymph node metastasis (odds ratio (OR) = 1.3 per mm DOI; 95% 

CI: 1.1–1.5, p = 0.001). At a DOI of 4.3 mm the risk of occult lymph node metastasis was >20% 

(all subsites combined). The DOI is a significant predictor for occult lymph node metastasis in 

early stage oral carcinoma. A NPV of 81% was found at a DOI cut-off value of 4 mm. Therefore, 

an END should be performed if the DOI is >4 mm. 
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MATERIALS AND METHODOLOGY: 

  

This is a Prospective study including 51 patients, reporting to SDM craniofacial Research centre 

from November 2019 to November 2021 who were subjected to surgery for resection of OSCC 

along with neck dissection procedures.  

 

INCLUSION CRITERIA:       

1) Biopsy proven cases of SCC of gingivo buccal sulcus indicated for surgery. 

2) Age group between 20 years to 70 years. 

3) Patients who are fit to undergo surgery  

 

EXCLUSION CRITERIA:     

1) Previous treatment with neo adjuvant chemotherapy and primary radiation. 

2) Previous operated cases. 

3) Delay of specimen transport from operation theatre to laboratory and improper storage 

4) Other primary tumours are excluded. 

  

ULTRASONOGRAPHY OF LESION AND NECK 

Preoperative USG evaluation of gingivo buccal sulcus and neck was performed on all patients 

in supine position with neck extended and head turned sideways on the opposite side of the 

lesion involved, for the better access for the probe. All examination were done by single 

sonologist using PHILIPS 8ffiniti 70 machine with real timer sector scanner with a 7.5MHz  
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and 10MHz frequency on linear transducers. A transducer was placed in contact with skin 

after application of ultrasound gel, the transducer was placed extra orally on the cheek 

perpendicular to the lesion and on the bulkiest portion of the lesion, the axial and coronal 

sections were obtained by angling the transducers and positioning it on the cheek, and all the 

regions visualized within the cheek and the angle of the mouth to the posterior border of the 

ramus of the mandible. The sonologist who performed the examination recorded the largest 

diameter of the tumour or the lesion representing the DOI from the “surface of the epithelium 

perpendicularly, to the deepest part of the tumour invasion”. 

 

Similarly the neck lymph node assessed and the involvement of the lymph node for metastasis 

determined and the level was recorded. All the recorded values were tabulated.  

 

COMPUTER TOMOGRAPHY OF LESION AND NECK 

Preoperative CT imaging was performed using 128 multi slice and multi detector SIMENS 

CT scanner with contrast. Puffed cheek technique was used for the lesion and denta scan was 

also performed at 1mm sections including coronal , axial and sagittal sections with 3D 

reconstruction extending from the floor of the maxillary sinus , mandible and including the 

entire length of neck bilaterally . Post contrast CT scan was done after injecting 40ml of iohexal 

(each millilitre of iohexol solution containing the 1.21mg of trimethamine and 0.01mg of 

edetate calcium disodium), similarly 1mm sections were procured in all planes coronal, sagittal 

and axial sections with 3D reconstruction. After recording all the sections pre contrast and post 

contrast infusion data transferred to the work station, to generate the panoramic and cross- 



23  

 

sectional reformatting images by Dentascan software. Tumour depth of invasion was measured 

from surface of tumour to the deepest point of invasion. 

Similarly the values for all patients tabulated for DOI and the neck lymph node metastasis was 

also analysed pre and post contrast and the level of lymph node involved for metastasis were 

tabulated. 

 

HISTOPATHOLOGICAL EVALUATION 

Post operatively all the resected specimens were examined by palpating the region which was 

more indurated and harder from the surrounding normal tissue this region of lesion was carefully 

sectioned out and fixed in the 10% formalin and submitted for the histopathological examination 

for the depth of the invasion. (Considering the 30% tissue shrinkage as the standard after 

formalin fixation). After fixation in 10% formalin solution the tissues were processed and then 

mounted in paraffin wax. These blocks were then mounted and 4-5 micromillimeter thickness 

sections were obtained and stained in the hematoxylin and eosin stain. These sections were then 

examined in the optical microscope LEICA-DM 400B equipped with measuring device i.e. 

graticule within the eyepiece. 

  

These specimens were then viewed under 1.25X magnification and the vertical distance from 

the surface epithelium to the deepest part of the tumour invasion was measured .32 graticules 

as seen on microscope amounted to 1mm. all values obtained for DOI were tabulated and the 

resected lymph nodes were subjected to histopathological examination and level of positive 

lymph node metastasized was noted and tabulated. 
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STUDY ANALYSIS 

 

The value obtained preoperatively from USG examinations and CT scans were compared with 

histopathological DOI of primary lesion after resection. Histopathological measured DOI of 

tumour was then correlated with number of cervical lymph node involved. All the values 

obtained were subjected to a suitable statistical analysis keeping the histopathology depth as 

gold standard. 

Local recurrence was any lesion arising in the oral cavity relative to primary tumor beyond 6 

weeks after the first definitive treatment. Loco regional recurrence arising in the both the 

primary site and neck was considered to be local recurrence, recurrence arising only in the neck 

was considered as regional recurrence. 
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COLOUR PLATES 

 
 

 
  

FIGURE-1 – PATIENT PROFILE WITH CARCINOMA OF GINGIVOBUCCAL SULCUS 
OF LEFT SIDE. 
 
EXTRAORAL DIFFUSE SWELLING NOTED IN THE LEFT LOWER ONE THIRD OF 
FACE 
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FIGURE-2 –PATIENT WITH CARCINOMA OF GINGIVOBUCCAL SULCUS OF 
LEFT SIDE 
 
INTRAORAL ULCEROPROLIFERATIVE GROWTH NOTED EXTENDING FROM 
PREMOLAR TEETH REGION TO RETROMOLARTRIGONE REGION 
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ANTERIOR POSTERIOR 

AXIAL SECTION 

GROWTH 

FIGURE 3- MEASUREMENT OF DEPTH OF INVASION OF TUMOUR USING 
ULTRASONOGRAPHY TECHNIQUE 
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GROWTH 

FIGURE 4- MEASUREMENT OF DEPTH OF INVASION OF TUMOUR 
USING CT SCAN – CORONAL SECTION 
 
PUFF CHEEK TECHNIQUE 
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FIGURE 5- MEASUREMENT OF DEPTH OF INVASION OF TUMOUR 
USING HISTOPATHOLOGICAL EXAMINATION 
 

Surface epithelium 

Deepest point of 
invasion of tumor 
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RESULTS 

 

A total of 51 patients were included in the study of which 40(78.4%) were male patients and 

11(21.6%) were female patients. (Table1 and Graph1). Patients’ age ranged from 20 to 70 years 

and were divided in to 4 categories, 9(17.6%) patients were below the age of 40years, 

13(25.5%) patients age were ranged between 41 to 50 years, and 20 (39.2%) patients age were 

ranged between 51 to 60 years and 9 (17.6%) patient’s age ranged from 61 to 70 years. (Table2 

and Graph2). 

 

Primary tumor site included only gingivobuccal sulcus with 30(58.8%) and 21(41.2%) right 

and left side respectively. (Table3 and Graph3). 

 

Based on tumor staging maximum number of patients were staged in T4 stage- 35(68.6%), 

followed by T3 stage - 10(19.6%), T2 stage - 5 (9.8%) and T1 stage -1(1.8%) respectively. 

Similarly in lymph node staging maximum number of patients were staged in N1 stage - 

30(58.8%), N0 stage- 10(19.6%), N2 stage-6(11.7%) and N3 stage 3(5.8%) respectively. 

 

According to the tumor characteristics maximum number of tumors were well differentiated 

(60.7%), followed by moderate (48.3) and least cases were poorly (9.8%) differentiated.  

(Table4 and Graph4). 

 

 DOI measured preoperatively from USG in these cases ranged from 6mm to 37mm with 

average of 19.41mm (Table5 and Graph5), DOI measured preoperatively from CT scan in these 

cases ranged from 6mm to 32mm with average of 18.84mm(Table6 and Graph6).  
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Histopathological DOI measured of resected specimen post operatively of all these patients 

ranged from 1.3mm to 16mm with average of 7.26mm (Table5 and Graph5, and Table6 and 

Graph6). 

 

 Lymph node metastasis were negative in 36(70.5%) patients and positive in 15(29.4%) 

patients.(Table8 and Graph8) The lowest DOI at which nodal metastasis observed was 3.4mm. 

2(3.9%) patients with positive lymph node metastasis showed DOI lesser than 3.5mm and 

13(25.4%) patients showed DOI greater than 3.5mm. Extra capsular spread or invasion was 

seen in 6(11.7%) patients (Table9 and Graph9) and loco regional recurrence following the 

surgery was seen in 2(3.9%) patients. 
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GENDER WISE DISTRIBUTION OF PATIENTS WITH GINGIVOBUCCAL 

CARCINOMA 

 

Table1: Gender wise distribution of patients with gingivobuccal carcinoma 

 

Gender Number Percent 

Male 40 78.43 

Female 11 21.57 

Total 51 100.00 

 

Graph 1: Gender wise distribution of patients with gingivobuccal carcinoma 

 

 

A total of 51 patients were included in the study out of which 40(78.4%) were male and 

11(21.6%) were female. 

Male
78.43%

Female
21.57%
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AGE WISE DISTRIBUTION OF PATIENTS WITH GINGIVOBUCCAL 

CARCINOMA 

Table2: Age wise distribution of patients with gingivobuccal carcinoma 

Age groups Number Percent 

<=40yrs 9 17.65 

41-50yrs 13 25.49 

51-60yrs 20 39.22 

>=61yrs 9 17.65 

Total 51 100.00 

 Mean±SD 51.27±10.40 

 

Graph 2: Age wise distribution of patients with gingivobuccal carcinoma 

 
 
All patients were categorized into 4 age groups as shown in the above table2 and figure2 
 

<=40yrs
17.65%

41-50yrs
25.49%

51-60yrs
39.22%

>=61yrs
17.65%
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SIDE OF GINGIVOBUCCAL CARCINOMA INVOLVED 
  

Table3: Side of gingivobuccal carcinoma involved 
 
Side of GB carcinoma involved Number Percent 

Left 30 58.82 

Right 21 41.18 

Total 51 100.00 

 

Graph3: Side of gingivobuccal carcinoma involved 
 

 
 
 
 
Out of 51 patients with Gingivobuccal carcinoma 30(58.8%) patients had involvement on left 
side and 21(41.2%) patients had involvement on right side. 
 
 
 
 
 
 

Left
58.82%

Right
41.18%
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TUMOR CHARACTERISTICS OF GINGIVOBUCCAL CARCINOMA 
  

Table4: Tumor characteristics of gingivobuccal carcinoma 
 
 
Tumor characteristics Number Percent 

Well differentiated 31 60.78 

Moderately differentiated 15 29.41 

Poorly differentiated 05 9.80 

Total 51 100.00 

 

Graph4: Tumor characteristics of gingivobuccal carcinoma 
 

 

 
 

 

According to the tumor characteristics maximum number of tumors were well differentiated 

(60.7%), followed by moderate (29.4%) and least cases were poorly (9.8%) differentiated. 
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Table5: Comparison of DOI measured preoperatively of gingivobuccal carcinoma of oral 

cavity  using real time sector USG scan  and postoperatively measured DOI from 

histopathological  assessment of resected specimen  (in mm) by dependent t test 

 

Methods Mean Std.Dv. Mean 

Diff. 

SD 

Diff. 

% of 

difference 

t-value p-value 

USG 

method  

19.41 8.40      

Histological 

method  

7.26 3.57 12.15 8.08 62.59 10.7433 0.0001* 

*p<0.05 

 

Graph5 Comparison of DOI measured preoperatively of gingivobuccal carcinoma of oral 

cavity  using real time sector USG scan  and postoperatively measured DOI from 

histopathological  assessment of resected specimen  (in mm) by dependent t test. 
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Sensitivity and specificity of USG method and Histological method 

 

Sensitivity Pr( + D) 100.00% 

Specificity Pr( -~D) 0.00% 

Positive predictive value Pr( D +) 80.85% 

Negative predictive value Pr(~D -) 0.00% 

False + rate for true ~D Pr( +~D) 100.00% 

False - rate for true D Pr( - D) 0.00% 

False + rate for classified Pr(~D +) 19.15% 

False - rate for classified Pr( D -) 0.00% 

Correctly classified  80.85% 

 

 

 

Discrepancy between the DOI measured by ultrasound and DOI measured by histopathological 

assessment was compared using dependent‘t’ test and was statistical significant with p value 

of (0.0001). 
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Table6: Comparison of DOI measured preoperatively of gingivobuccal carcinoma of oral 

cavity  using MDCT scan of face(1mm cuts coronal section)  and postoperatively measured 

DOI from Histopathological  assessment of resected specimen (in mm) by dependent t test 

 

Methods Mean Std.Dv. Mean 

Diff. 

SD Diff. % of 

difference 

t-value p-value 

CT method  18.84 7.01      

Histological 

method  

7.26 3.57 11.58 7.19 61.46 11.5088 0.0001* 

*p<0.05 

 

Graph 6: Comparison of DOI measured preoperatively of gingivobuccal carcinoma of oral 

cavity  using MDCT scan of face(1mm cuts coronal section)  and postoperatively measured 

DOI from Histopathological  assessment of resected specimen (in mm) by dependent t test. 
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Sensitivity and specificity of CT method and Histological method 

 

Sensitivity Pr( + D) 100.00% 

Specificity Pr( -~D) 0.00% 

Positive predictive value Pr( D +) 82.35% 

Negative predictive value Pr(~D -) 0.00% 

False + rate for true ~D Pr( +~D) 100.00% 

False - rate for true D Pr( - D) 0.00% 

False + rate for classified Pr(~D +) 17.65% 

False - rate for classified Pr( D -) 0.00% 

Correctly classified  82.35% 

 

 

Discrepancy between CT scan and histopathological assessment of DOI was compared using 

dependent‘t’ test and was highly statistical significant with p value of (0.0001) 
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Table7: Comparison of DOI measured preoperatively of gingivobuccal carcinoma of oral 

cavity  using MDCT scan of face(1mm cuts coronal section)  and using real time sector USG 

scan  assessment (in mm) by dependent t test. 

 

Methods Mean Std.Dv. Mean 

Diff. 

SD Diff. % of 

difference 

t-value p-value 

CT method 18.84 7.01      

USG method 19.41 8.40 -0.57 5.65 -3.02 -0.7191 0.4754 

  

 

Graph7: Comparison of DOI measured preoperatively of gingivobuccal carcinoma of oral 

cavity  using MDCT scan of face(1mm cuts coronal section)  and using real time sector USG 

scan  assessment (in mm) by dependent t test. 
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The effectiveness of the CT scan and USG in preoperative measurement of DOI in gingivo 

buccal sulcus carcinoma was compared and discrepancy was statistically confirmed using the 

dependent‘t’ test and results were not statistically significant with p value of 0.475. But CT 

scan showed superiority in the measurement of DOI in gingivo buccal sulcus carcinoma when 

compared to USG scan. 

 

 

 

Table8: Correlation between the histological measured DOI with the cervical lymph node 

metastasis (LNM) 

 

DOI LNM positive % LNM negative % Total % 

<3.5mm 2 22.22 7 77.78 9 100.00 

>3.5mm 13 30.95 29 69.05 42 100.00 

Total 15 29.41 36 70.59 51 100.00 

Chi-square with Yates's correction =  0.0140  P = 0.9060 
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Graph 8: Correlation between the histological measured DOI with the cervical lymph node 

metastasis (LNM) 

 

 

 

 

 

Cervical lymph node metastasis were histologically positive in 15(29.41%) patients out of 51 

patients, therefore there was a significant correlation between the histological assessment of 

DOI and the occurrence of the cervical lymph node metastasis. The least invasive depth at 

which the nodal metastasis was seen was 3.4mm. In the cases were the depth of invasion 

exceeded 3.5mm the lymph node metastasis was seen in 13(30.95%) patients. In case were 

DOI was less than or equal to 3.5mm the incidence of lymph node metastasis was seen in only 

2(22.22%) patients. The critical DOI that separated the Gingivo buccal carcinoma into high 

risk and low risk category was, therefore 3.5mm. 
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Table9: Correlation between the histological measured DOI with the extra capsular spread 

(ECS). 

 

HP depth  ECS positive % ECS negative % Total % 

Below 3.5mm 0 0.00 9 100.00 9 17.65 

Above 3.5mm 6 14.29 36 85.71 42 82.35 

Total 6 11.76 45 88.24 51 100.00 

Chi-square with Yates's correction =  0.4060  P = 0.5240 

 

 

Graph9: Correlation between the histological measured DOI with the extra capsular spread 

(ECS). 
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Histological DOI greater than 3.5mm, with metastatic lymph node showed the extra capsular 

spread (ECS) in 6 (14.3%) patients, where as other 36(85.7%) patients with histological depth 

of invasion greater than 3.5mm did not show any evidence of extra capsular spread. Similarly 

9(17.6%) patients below the histological depth of invasion of 3.5mm were negative for extra 

capsular spread. 

 

Table10: Correlation between histological DOI and level of lymph node positive for extra 

capsular spread (ECS) 

 

SL NO AGE  DOI  ECS PRESENT AT 
WHICH LEVEL 
OF LYMPNODE 

1 59YEARS 16MM At level 1B 

2 49YEARS  10.4MM At level 2A 

3 42YEARS 11.0MM At level 1B 

4 50YEARS 11.8mm At level 1B 

5 45YEARS  11.2MM At level 1B 

6 49YEARS  10.8MM At level 1 B 

 

 

Histopathological DOI measurement more than 10.0mm had showed greater incidence of the 

ECS in lymph nodes. And most common site at which ECS noted for gingivo-buccal carcinoma 

was at level 1B. 
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All 51 patients underwent surgery for wide excision of the lesion with ipsilateral neck 

dissection (SOHND-10(19.6%) patients   , MRND-41(80.4%) patients, out of which 35(68.6%) 

patients underwent post-operative radiotherapy and 2(3.9%) patients did not complete the 

course of complete radiotherapy cycles following the surgery. ECS was noted in 6(11.7%) 

patients and loco regional recurrence were seen in 2(3.9%) patients at the primary site itself 

with DOI of 16mm and 11.8mm respectively, which was confirmed with the incisional biopsy 

at the site. None of the other patients showed any signs and symptoms of distant metastasis and 

loco regional recurrence till date. 
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DISCUSSION 

 

The significance of the prognostic factors and disease-free survival in head and neck cancer is 

mainly depended upon the involvement of lymph node metastasis.  Patients with early lymph 

node metastasis has reduced the disease free survival rate by 50%.[2]  Vito et al [10] in his study 

stated that tumor control does not only depends on the extension and primary tumor site but 

also depends upon the cervical lymph node status. In the initial presentation the occurrence of 

lymph node metastasis does not correlate with tumor surface size. For eg. T4 presenting with 

N0 neck or T2 presenting with multiple metastatic nodes. [11, 12, 13] Therefore considering only 

patients T category will not be sufficient for making the comprehensive treatment plan, so out 

of the different variable involved in the neck metastasis, DOI has become one of the most 

significant prognostic factors in OSCC. [14] With the inclusion of the DOI criteria for the 

diagnosis and treatment of oral cancer even in their early stages have improved the survival 

outcomes due to early elective and therapeutic neck dissection procedure. Which eventually 

have minimized the incidence of the loco regional recurrence. [14, 19] 

 

The variance of critical DOI in the previous studies may be due to the differences in laboratory 

techniques such as extent of the sampling, tissue processing, and direction of the sectioning 

and accuracy of identifying the satellite islands. [15] DOI has now been considered as a good 

prognostic factor, but this data is only available after the resection (post operatively) and in the 

past this data could not be used in the preoperative planning of treatment, but now with the 

new imaging modalities and data analysis which are now available to oral oncologist allow 

complete and accurate preoperative assessment of tumor three dimensionally. Which will allow  
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the surgeon to plan both resection and reconstruction and to give the patient some indication 

of likely post-operative functional impairment and prognosis. This study evaluated DOI 

measured preoperatively with USG scan and CT scan and DOI postoperatively with 

histopathology, to derive the relationship of this measurement with lymph node metastasis. 

 

Ultrasonography was first time used for the measurement of DOI in oral cavity carcinoma by 

mettler, Chultz, Kelsey et al in 1979 for tongue base tumors and initially they found that 

ultrasound scan was better when compared to the other modalities of investigation in assessing 

the preoperative DOI in analysis the extension of the disease.[27]  In our study we used real time 

sector single transducer high definition USG with 7.5MHz to 10.0MHz frequency, to evaluate 

the DOI. This measurement was later compared with DOI values obtained by CT scan and 

histopathological assessment.  

 

DOI as measured preoperatively by USG in these cases ranged from 6 to 37mm with an average 

value of 19.41mm.estimation of DOI using the USG had a sensitivity of 100% with 0% of 

negative predictive value which showed the specificity similar to the negative predictive value 

with relative coefficient of 0.0001,which was highly statistical significant. And was compared 

with study done by Shintani et al[7] who showed the superiority of preoperative measurement 

of USG over other investigation in measuring DOI and they concluded that USG can measure 

even DOI within 1.0mm and has a very strong correlation with the DOI measured by 

histopathological assessment. But their study included all the sites and subsites of oral cavity 

with carcinoma which cannot be standardized due to different anatomical variation and tumor 

spread. 
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Using 128 multi slice and multi detector SIMENS CT scanner,  lesion were scanned at 1mm 

sections including coronal, axial and sagittal sections with 3D reconstruction the deepest point 

of invasion that is DOI was measured, and compared with the DOI measured with microscopic 

examination of resected specimens post operatively. The CT scan DOI ranged from 6 to 32mm 

with average value of 18.84mm. Estimation of DOI using the CT scan had a sensitivity of 

100% and 0% of negative predictive value, which showed the specificity similar to the negative 

predictive value with relative coefficient of 0.0001, which was highly statistical significant.  

 

Uribe s et al [16] study shown that CT scan with early invasion to bone especially seen in these 

gingivo buccal carcinoma has the diagnostic accuracy of 87% in the initial assessment of bone 

invasion which makes the DOI assessment very accurate in cases of buccal carcinoma with 

bony invasion which will be difficult with measurement from the USG. In our study 

effectiveness of the CT scan and USG in preoperative measurement of DOI in gingivo buccal 

sulcus carcinoma was compared and discrepancy was statistically confirmed using the 

dependent‘t’ test and results were not statistically significant with p value of 0.475. But CT 

scan showed superiority in the measurement of DOI in gingivo buccal sulcus carcinoma when 

compared to USG scan due to early bone invasion. 

 

 Others authors like Pereira AC et al [17] and Nakayama E et al [18] have showed that CT scan 

has the ability to detect the small cortical erosions usually not detected by other means of 

examination including clinical and radiological investigations, the pattern of bone destruction 

can have impact on the outcome of oral malignancies. 

 

 



49  

 

In this study, all resected specimen were subjected to histopathological examination and the 

DOI of tumor was measured by LEICA DM 400B, optical microscope under 1.25X 

magnification with eye grid. The histological DOI measured ranged from 1.3 to 16mm with an 

average value of 7.26mm. According to the tumor characteristics maximum number of tumors 

were well differentiated (60.7%), followed by moderate (48.3%) and least cases were poorly 

(9.8%) differentiated. 9(17.6%) Patients had DOI less than or equal to 3.5mm and remaining 

42(82.4%) patients showed DOI greater than 3.5mm. 

 

Moderately or poorly differentiated tumors had a higher degree of incidence for early neck 

node metastasis than the well differentiated, Out of 15(29.4) cases which had nodal metastasis 

only 1(1.9%) was well differentiated. Other 6(11.7%) patients with extra capsular spread and 

2(3.9%) patients with loco regional recurrence following surgery none of the tumors were well 

differentiated. 

 

 

Lymph node involvement is an important prognostic factor in OSCC. In our study 15(29.4%) 

patients showed lymph node involvement, and there was extremely high co-relation, between 

the DOI measured from histopathological assessment and the cervical lymph node metastasis 

(P value of 0.9060). Least invasive depth at which the nodal metastasis seen was 3.4mm. In 

the cases were the DOI greater than 3.5mm , lymph node metastasis was seen in 13(30.95%) 

patients and only 2(22.22%) patients showed lymph node metastasis with DOI of less than or 

equal to 3.5mm. The results demonstrated that the patients in this sample could be separated 

into two groups .The critical DOI that separated the gingivo buccal carcinoma into high risk 

and low risk category was, therefore 3.5mm.  
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Cornelia G.F et al[19]found that patients with a DOI more than 4mm is a cut-off for performing 

the elective neck dissection in cases with OSCC, which will eventually result in the higher 

survival rates and lower loco regional recurrence rates. Abdul R faikh et al[20] found that 

patients with DOI below 4mm did better when compared to the patients with DOI more than 

4mm in involvement of cervical lymph node and elective neck dissection in comparison.  In 

study conducted by Sadaf Qadeer Ahmed[21]   found that the risk of neck node metastasis in 

buccal squamous cell carcinoma increases with tumour thickness  more than 2 mm by  35.5 

times  , and decrease for each centimetre in tumour size, by 0.58 times, which also accounted 

for 37% of occult metastasis. 

 

Mohit-Tabatabai et al [22]. reported that patients with tumour depth less than 1.5 mm had a 

lymph node metastasis rate of 2%. Incidence increased to 33% when the lesion depth was 

ranged from 1.6–3.5 mm in depth and with tumour depth more than 3.6mm showed incidence 

increased to 60%. Furthermore, according to Spiro et al. [23] found that patients with risk of 

cervical metastases for tumors of more than 2 mm depth has reached almost to 40%. Thus the 

present study indicates that the prognosis is excellent in patients with a gingivo buccal 

carcinoma of DOI less than 3.5 mm. 

 

Extra capsular spread is also one of the  important prognostic factor, in our study 6(11.7%) 

patients showed extra capsular spread all of them occurring above 3.5mm of DOI  with value 

of (p<0.0001).which was statistically significant, and 2(3.9%) of patients showed up with loco 

regional recurrence , 
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 Similar study was done by Meyers J N et al [24] and stated that ECS beyond the node capsule  

was the most significant factor or predictor for local recurrence, distant metastasis and also 

accounts for the decreased survival rate in the patients. The study conducted by J.A. Woolgar 

et al [25] provided with the strong evidence of the prognostic significance of ECS in the survival 

rate of patients with lymph node metastasis of oral cancers. Patients with histological evidence 

of ECS has increased mortality rate. And an increased in the DOI also showed the increased 

risk of incidence of ECS in the patients. All measured DOI in these cases were greater than 

10.0mm. 

 

This present study also showed 2(3.9%) patients with loco regional recurrence at the primary 

site itself which was confirmed with the incisional biopsy and both the cases had depth of 

invasion of 16.0mm and 11.8mm respectively and these two patients underwent immediate 

post-operative radiotherapy and were advised with the palliative treatment on recurrence.  

Studies done by Brown B et al[26] and Spiro et al[23] proved the relationship between the DOI 

and loco regional recurrence. With occurrence of local recurrence the prognosis of patients will 

be poor. The data derived for this study also recommend the early course of post-operative 

radiotherapy to reduce the incidence of loco regional recurrence. 
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The strength of this study is that it is prospective study design, the role of important diagnostic 

tool i.e is USG/CT scan in preoperative measurement of DOI in gingivo buccal carcinoma apart 

from giving extension of local invasion it also provides help in preoperative treatment planning 

regarding the extent of wide resection and reconstruction. The study also determines the 

incidence of cervical lymph node metastasis and need for elective neck dissection. Finding of  

 

the study also provides correlation between the DOI with level of cervical lymph node 

metastasized, extra capsular spread and loco regional recurrence which would play a significant 

role in the prognosis of the disease. The limitation of this study are absence of 5 year follow-

ups, and also to find out recurrence and mortality rate. Although greater number of patients 

were in T4 stage lesions with DOI ranging from 1.3mm to 16mm, we suggest further more 

studies to be done on T1 and T2 lesions to treat early oral malignancies and also to study other 

histological variants to know the prognosis of disease. 
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SUMMARY 

 

Depth of invasion is clearly a potential useful and objectively measurable prognostic tool, 

microscopic tumor depth is the most significant histological predictor of cervical lymph node 

metastasis in early cancers of the oral cavity. The invasion depth of tumor cannot be estimated 

reliably preoperatively by clinical examination with inspection and palpation, therefore 

imaging studies such as ultrasonography and computer tomography is very helpful. 

 

A prospective study done to assess the DOI of gingivo buccal carcinoma with the use of 

preoperatively ultrasonography and computer tomography, which was then compared with the 

measurements from the histological sections after the resection of tumor and to co-relate this 

parameter with cervical lymph node involvement. 

 

A total of 51 patients were included in the study of which 40(78.4%) were male patients and 

11(21.6%) were female patients. 

 

Primary tumor site included only gingivobuccal sulcus with 30(58.8%) and 21(41.2%) right 

and left side respectively. 

 

Based on tumor staging maximum number of patients were staged in T4 stage- 35(68.6%), 

followed by T3 stage - 10(19.6%), T2 stage - 5 (9.8%) and T1 stage -1(1.8%) respectively.  

Similarly in lymph node staging maximum number of patients were staged in N1 stage - 

30(58.8%), N0 stage- 10(19.6%), N2 stage-6(11.7%) and N3 stage 3(5.8%) respectively. 

 

 



54  

 

According to the tumor characteristics maximum number of tumors were well differentiated 

(60.7%), followed by moderate (48.3) and least cases were poorly (9.8%) differentiated.   

 

DOI measured preoperatively from USG in these cases ranged from 6mm to 37mm with 

average of 19.41mm. 

 

DOI measured preoperatively from CT scan in these cases ranged from 6mm to 32mm with 

average of 18.84mm. 

 

Histopathological DOI measured of resected specimen post operatively of all these patients 

ranged from 1.3mm to 16mm with average of 7.26mm. 

 

The lowest DOI at which nodal metastasis observed was 3.4mm. 

 

Lymph node metastasis, lesser than DOI of 3.5mm were seen in 2(3.9%) patients. 

 

Lymph node metastasis, greater than DOI of 3.5mm were seen in 13(25.4%) patients. 

 

The results of this study highlighted the superiority of USG over CT scan in measuring depth 

of invasion with in 1mm and also in assessing metastatic lymph nodes, there was a very strong 

correlation between the DOI seen by USG and on histological sections. But CT scan showed 

better estimation of DOI especially in cases of gingivo buccal carcinoma due to early bone 

involvement. 

 



55  

 

 

Our study showed extremely significant correlation between the the DOI measured by 

histological assessment and the occurrence of lymph node metastasis (p<0.0001).with the 

increasing rate of nodal involvement seen with DOI measuring more than 3.5mm.Results also 

demonstrated that patients in this sample could be separated into two groups low and high risk 

categories on the basis of cutoff point 3.5mm. 

 

It was also seen that moderately and poorly differentiated squamous cell carcinoma had higher 

rate of incidence for early cervical lymph node metastasis than with well differentiated. Out of 

15(29.4%) cases with lymph node metastasis present, 6(11.7%) cases had extra capsular spread 

all of them occurring above 3.5mm of DOI . 

 

The data derived from this study also confirms the importance of early post-operative 

radiotherapy to the tumor and lymph node site to prevent incidence of loco regional recurrence 

which was seen in 2(3.9%) patients in this study. 
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CONCLUSION 

 

The prognosis of oral cancer and its factor like size, site, histodifferentiation , level of of lymph 

node involvement greatly influence the treatment plan , additionally invasive depth of the 

tumor also has the influence on the occult node metastasis rate , disease free survival rate and 

overall survival rate. The preoperative assessment of DOI with USG and CT scan, its 

correlation with histopathologically assessed DOI and its implication on lymph node metastasis 

have been evaluated in the study. 

The conclusion derived from this study are: 

 

1) DOI is clearly a potential useful and objectively measurable prognostic tool. All the cases 

of gingivo buccal carcinoma should be assessed preoperatively evaluated for tumor depth with 

ultrasonography and computer tomography scan. Imaging studies can also be used to locate the 

area of deepest invasion of tumor, to aid in the incisional biopsy and to estimate the maximum 

invasive depth of tumor. 

2) USG has better sensitivity and specificity to measure DOI and to evaluate lymph node    

metastasis when compared to CT scan. 

3) CT scan has better sensitivity and specificity with accurate diagnostic analysis in measuring 

DOI of gingivo buccal sulcus carcinoma due to early bony invasion. 

4) DOI of greater than 3.5mm has a significant role in lymph node metastasis, and loco regional 

recurrence in gingivo buccal carcinoma. 

5) DOI greater than 10.0mm poses increased risk of incidence of extra capsular spread. 

6) Elective neck dissection is mandatory for all T3 and T4 lesion with level V neck clearance. 
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ANNEXURES 

DATA COLLECTION PROFORMA                    
DEPTH OF INVASION (DOI) AS A PREDICTOR FOR NODAL 

DISEASE IN ORAL SQUAMOUS CELL CARCINOMA 
 
 

                                                              DATE:-                       
CASE NO: -                                                                BIOPSY NO:- 
NAME:- 
AGE:- 
OCCUPATION:- 
 
CHIEF COMPLAINT:- 
 
HISTORY OF PRESENTING ILLNESS:- 
 
 
 
 
 
HABITS:- 
 
 
CLINICAL FINDINGS:- 
 
 
 
 
SIDE OF LESION:- 
 
INVESTIGATION DONE:- 
 
 

 
 

SLNO USG 
DEPTH 

CT 
SCAN 

DEPTH 

HISTOPATHOLOGICAL 
DEPTH 

LYMPH 
NODE 
INVOLVED 
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 DIAGNOSIS:- 
 
 
 
STAGING 
 
 
 
ASSOCIATED WITH ANY OTHER CONDITION:- 
 
 
 
 
TREATMENT DONE:- 
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DEPARTMENT OF ORAL AND MAXILLOFACIAL SURGERY       
SDM CRANIOFACIAL UNIT AND RESEARCH CENTRE 

SDM COLLEGE OF DENTAL SCIENCES AND HOSPITAL DHARWAD           
 

DATE:-       
CASE NO:- 

 
 
 

INFORMED CONSENT FOR PARTICIPATION IN THE STUDY 
 

I, …………………………………………………………………….. here by 
give my consent to be interviewed and examined by the Doctor(s).I agree to 

cooperate to any investigations considered necessary for the study. 
 

I have been informed about the study “DEPTH OF INVASION (DOI) AS A 
PREDICTOR FOR NODAL DISEASE IN ORAL SQUAMOUS CELL 
CARCINOMA” conducted by Dr Akshay A Byadgi at department of oral and 
maxillofacial surgery ,SDM College of Dental sciences and Hospital, Dharwad. 
I have been explained about the nature of the study and the procedure in the 
language that I understand. 
 
I was free to ask any questions and have been answered satisfactorily. I consent 
to the taking of photographs and publication of the same for the purpose of 
advancing health education. I understand that my identity will remain 
confidential. 
 
 
 
 
 
 
Signature of the patient/                                                      Signature of guardian 
Thumb impression 
 
 
 
 
 
Dr AKSHAY A BYADGI 
(Principal investigator) 



 

RAW DATA 

 
 
 

SLNO AGE SEX SITE 

BM 

CT 

DOI 

USG 

DOI 

H/P 

DOI   

ECS LRR 

1   45 Y MALE RIGHT 17MM 21MM 11MM N N 

2   59Y MALE LEFT 27MM 30MM 16MM P       P 

3 47Y MALE RIGHT 25MM 29MM 10MM N N 

4 42Y MALE RIGHT 27MM 31MM 9MM N N 

5 53Y MALE RIGHT 18MM 14MM 9.5MM N N 

6 39Y MALE LEFT 16MM 13MM 6.3MM N N 

7 52Y MALE LEFT 11MM 11MM 5.6MM N N 

8 49Y FEMALE LEFT 17MM 19MM 11.2MM N N 

9 44Y MALE RIGHT 16MM 19MM 13.6MM N N 

10 45Y MALE LEFT 28MM 25MM 8MM N N 

11 40Y MALE LEFT 6MM 10MM 1.3MM N N 

12 35Y MALE LEFT 14MM 11MM 8MM N N 

13 34Y MALE RIGHT 18MM 21MM 14.4MM N N 

14 45Y FEMALE LEFT 25MM 28MM 9MM N N 

15 52Y MALE LEFT 18MM 33MM 12MM N N 

16 52Y FEMALE LEFT 18MM 17MM 10MM N N 

17 61Y MALE LEFT 32MM 30MM 8.3MM N N 

18 60Y FEMALE RIGHT 20MM 27MM 7.6MM N N 

19 64Y FEMALE RIGHT 19MM 20MM 5.6MM N N 

20 70Y MALE LEFT 12MM 9MM 9.6MM N N 

21 44Y MALE RIGHT 10MM 6MM 8MM N N 

22 49Y MALE RIGHT 24MM 19MM 10.4MM P N 

23 70Y MALE LEFT 30MM 10MM 4.8MM N N 

24 64Y MALE LEFT 19MM 37MM 8.8MM N N 

25 68Y MALE LEFT 12MM 10MM 6MM P N 

26 64Y FEMALE RIGHT 20MM 15MM 8.4MM N N 

27 58Y MALE RIGHT 16MM 27MM 4.8MM N N 

28 53Y MALE LEFT 12MM 9MM 6.7MM N N 

29 37Y MALE RIGHT 15MM 12MM 9.9MM N N 

30 25Y MALE LEFT 30MM 37MM 3.2MM N N 

31 60Y FEMALE RIGHT 8MM 12MM 7.5MM N N 

32 50Y MALE LEFT 8MM 13MM 6.8MM P N 

33 52Y MALE LEFT 10MM 15MM 10.2MM N N 

34 63Y MALE RIGHT 11MM 9MM 3.7MM N N 

35 60Y MALE LEFT 11MM 10MM 3.9MM N N 

36 45Y FEMALE LEFT 31MM 32MM 11.2MM P N 

37 56Y MALE RIGHT 18MM 13MM 6MM N N 

38 42Y MALE RIGHT 16MM 12MM 1.5MM N N 

39 36Y MALE RIGHT 6MM 10MM 0.6MM N N 

40 52Y FEMALE LEFT 25MM 22MM 8.8MM N N 
41 63Y MALE LEFT 27MM 26MM 6.8MM N N 

42 39Y FEMALE LEFT 10MM 10MM 3.5MM N N 



43 46Y MALE RIGHT 16MM 11MM 1.1MM N N 

44 60Y FEMALE LEFT 24MM 26MM 6.4MM N N 

45 56Y MALE LEFT 24MM 24MM 5.8MM N N 

46 60Y MALE LEFT 26MM 28MM 3.4MM N N 

47 56Y MALE LEFT 22MM 22MM 3.4MM N N 

48 52Y MALE LEFT 26MM 23MM 2.24MM N N 

49 33Y MALE RIGHT 24MM 26MM 12.2MM N N 

50 57Y MALE LEFT 20MM 22MM 2.4MM N N 

51 57Y MALE RIGHT 26MM 24MM 8.2MM P P 

 

  




