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Abstract
Background:  Mandibular resections are routinely carried out for achieving a tumor free resection margin for oral 
cancers. However, the need of mandibular resection to achieve this has always been questioned. The present study 
was carried out to assess the patterns of mandibular involvement in carcinoma of the mandibular region. 

Methodology: A total of 23 consecutive patients who had undergone mandibular resection and were found to have 
mandibular invasion were studied in a prospective open fashion. After decalcification, the specimens were serially 
sectioned at a 0.5-1 cm interval to identify gross invasion and .3 to .5 micron cut by microtome to identify pattern of 
mandibular invasion. Preoperative contrast enhanced CT scan was also used to record and analyze the type of invasion. 

Result: Two types of invasion pattern were found: “erosive” and “invasive”. Out of 23 patients, the mandibular 
pattern of invasion was infiltrative (invasive) in 7 (30.4 percent) and erosive in 7 (30.4 percent) and no invasion 
in 9 (39.1 percent). In 6/7 cases of perineural invasion (or 75% of all cases), there was an infiltrative (invasive) 
trend. The contrast-enhanced computed tomography scan revealed 8 (34.8%) erosive bone involvement, 5 (21.7%) 
infiltrative (invasive) disease, and 10 (43.5%) no involvement of bone in the 23 individuals investigated. CECT's 
sensitivity, specificity, NPV, PPV, and accuracy were respectively 71.4%, 66.7%, 60.9%, 76.4%, and 70%.

Conclusions: Larger or higher TNM staged tumors are more likely to invade the mandible and show the more 
aggressive (invasive) form of tumor spread. The accuracy of identifying mandibular invasion by CECT was 70%, 
indicating a certain degree of sampling error and variability in interpretation.

Key Words: Oral squamous cell carcinoma, mandibular invasion, pattern of invasion, infiltrative, erosive, contrast 
enhanced CT scan.
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Introduction

Globally, oral cancer is the sixth most common cancer.1 
Every year, over 550000 people are diagnosed globally, 
with approximately 300,000 deaths.2 The highest 
prevalence is seen among the south Asian population.3 
In Bangladesh, oral cancer is the third common cancer. 
More than 7000 people are newly diagnosed each year, 
and among them, mortality is about 6.6%.4

The incidence is more common in males than in females. 
And the most common age group of presentation is 
above 50 years.5 However, the incidence of oral cancer 
is increasing among the young population aged less than 
45 years.6

Approximately 85 to 95% of all diagnosed oral cancers 
are squamous cell carcinoma (SCC).7 Among all head 
and neck SCCs, oral SCC with mandibular invasion has 
the highest recurrence rate and one of the lowest 5-year 
overall survival rates.8,9

The prevalence of oral SCC with mandibular bone 
involvement is reported to range from 12% to 56% of 
cases.10,11,12

Carcinoma involving the mandibular alveolar ridge, 
lower buccal sulcus, sublingual sulcus, and mandibular 
retromolar trigone is defined as oral carcinoma of the 
mandibular region.13 Carcinoma of the mandibular 
region usually involves the mandible, frequently by 
direct extension and sometimes by other routes.14.15 The 
prevalence of mandibular bone involvement ranges 
from 12 to 56%.16,17,18 The prognosis of these lesions 
is usually poor with a primary site recurrence rate of 
nearly 70% that ultimately causes death.19,20

Mandibular involvement in these cases occurs mainly 
due to direct infiltration of the mandible by the tumor. 
The main route of entry into the mandible is reported 
to be through the alveolar crest and lingual cortex if 
the tumor is located medial to the mandible.21,22 Other 
routes of infiltration are also described, of which 
spreading through the canal of the inferior alveolar 
nerve is most important in the present scenario, where 
a lot of emphasis is being placed on conserving the 
mandible. Too many mandibles are sacrificed without 
histological evidence of mandibular invasion.23 For 
reasons of quality of life, it is important to preserve the 
continuity of the mandible, if oncological safety can be 
assured.24 Oral squamous cell carcinoma can invade the 
mandible by two well-recognized patterns.25,26,27,28,29,30 In 

the invasive pattern of disease, fingers and islands of 
tumor advance independently into the cancellous spaces, 
with little osteoclastic activity and no intervening layer 
of connective tissue. In the erosive pattern, the tumor 
advances on a broad front, with a connective tissue 
layer and active osteoclasts separating the tumor from 
the bone. This is similar to the osteoclastic-independent 
phase (invasive) and the osteoclastic dependent phase 
(erosive).25 The evidence for a progression from the 
erosive to the invasive pattern of disease, depending on 
the extent of invasion by the description of what they 
termed the mixed pattern of spread.29 Besides, they 
found that the depth of tumor invasion of the mandible 
was related to the presence of the invasive pattern of 
spread.

Moreover, by knowing the characteristics of the different 
patterns of invasion, the prognosis and recurrence can 
also be predicted. The pushing type (erosive) of invasion 
has a low recurrence rate and a better prognosis than the 
infiltrative pattern of invasion.23

There remains little detailed histologic examination of 
the routes of tumor entry into the dentate mandible, and 
in some previous reports, a large proportion of patients 
have received primary radiotherapy and have undergone 
salvage procedures.25 In this patient group, it is difficult 
to be sure whether the pattern of tumor entry and spread 
is related to the effects of the tumor or influenced by the 
effect of radiotherapy on bone.31

Bone invasion alters the clinical staging and 
management of oral carcinoma on the assumption that 
resection of the bone invaded by the tumor can result 
in disease progression and poor outcome.32 Detecting 
oral carcinoma involvement of the mandibular bone 
prior to definitive therapy is challenging for head 
and neck surgeons.18,32 Despite recent improvements, 
mandibular reconstruction results are still not 
functionally satisfactory, necessitating extended 
surgery and microvascular surgery expertise. Therefore, 
determination of bone invasion and setting of resection 
margins is imperative in the overall assessment of 
patients undergoing surgery. Various techniques 
available for the evaluation of the mandible prior to 
surgery includes radiographs of mandible, bone scans, 
computed tomographic (CT) scans, magnetic resonance 
imaging (MRI) scans, and single photon emission 
computed tomographic (SPECT) scans.33 Although 
all these tests play definite roles in the evaluation of 
the mandible, all of them have specific pitfalls and 
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controversy still exist as to what is the best way to image 
the mandible in oral cancer.34 

This study was carried out for histopathological, and 
contrast enhanced computed tomographic assessment 
for mandibular invasion pattern in oral squamous cell 
carcinoma.

Materials and Methods

The descriptive cross-sectional study was carried out 
at the Oral & Maxillofacial Surgery Department of 
Bangabandhu Sheikh Mujib Medical University, Dhaka 
Dental College Hospital and Shaheed Suhrawardy 
Medical College Hospital Dhaka, Bangladesh from 1st 
of October 2020 to the 31st of October 2021. A total 23 
patients of either sex who had with mandibular bone 

invasion undergone surgery for oral SCC were included 
in this study. A purposive sampling technique was used 
for this study. The patterns of invasion of the mandible 
was detected by contrast enhanced computed tomography 
(CECT) and post-operative histopathological study. 
Twenty-three samples were collected: 7 from the Oral 
& Maxillofacial Surgery Department of Bangabandhu 
Sheikh Mujib Medical University, 11 from Oral & 
Maxillofacial Surgery Department of Dhaka Dental 
College Hospital, and 5 from Oral & Maxillofacial 
Surgery Department of Shaheed Suhrawardy Medical 
College Hospital, Dhaka, Bangladesh. Ethical clearance 
for the study was taken from the Institutional Review 
Board (I.R.B) of BSMMU prior to the commencement 
of this study and permission from the aforementioned 
institutions. Data was processed and analyzed by SPSS 
24 (Statistical program for Social Sciences).

from the aforementioned institutions. Data was processed and analyzed by SPSS 24 
(Statistical program for Social Sciences).

RESULTS AND OBSERVATION
The present study included 23 histologically confirmed squamous cell carcinoma patients 
who had undergone marginal or segmental mandibulectomy, out of which, 14 (60.9 %) were 
female and 9 (39.1%) were male. The male to female ratio was 0.6:1. (Figure 1)

Figure 1: Sex Distribution (n=23)

The mean age of the studied respondents was 59.04±10.5 (SD) years. Nineteen (82.61%) of 
the patients were aged above 50 years and 4 (17.39%) were equal to or below 50 years of age. 
Females above 50 years of age had the highest (12) occurrence of SCC, whereas those below 
50 years had only 2 (8.7%).

Figure 2: Distribution of age among the study population (n=23)

In contrast enhanced CT scan, out of 23 patients, 8 (34.8%) had erosive bone involvement, 5 
(21.7%) infiltrative (invasive) and 10 (43.5%) had no invasion. (Table 1)
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Table 1: CT scan findings for bone invasion (n=23)

Pattern of invasion Frequency Percent
No signs of involvement 10 43.5

Erosive 8 34.8

Invasive 5 21.7

Total 23 100.0

Out of 23 patients, 7 (30.4%) had erosive bone involvement, 7 (30.4%) had infiltrative 
(invasive) and 9 (39.1%) had no invasion. Overall, 60.8% bone involvement was present.
(Table 2)

Table 2: Histopathological invasion pattern (n=23)

Invasion pattern Frequency Percent
No invasion 9 39.1
Erosive 7 30.4
Invasive (infiltrative) 7 30.4
Total 23 100.0

Buccal mucosa 10(43.5%) and lower alveolar ridge 10 (43.5%) were the most common site 
followed by tongue 2(8.7%) and retromolar 1(4.3%). 7 (70%) out of 10 buccal mucosa 
tumour involved bone (5 erosive and 2 invasive) and 5(50%) out of 10 lower alveolar ridge 
tumour had bone involvement (1 erosive and 4 invasive). 57.1 % (4 out of 7) of all invasive 
tumour was at the lower alveolar ridge. (Table 3)

Table 3: Histological invasion pattern in relation to site of the lesion (n=23)

  Site 

Histopathological invasion pattern
No invasion 

n (%)
Erosive
n (%)

Invasive 
n (%)

Buccal mucosa 3 (30) 5 (50.0) 2 (20.0)
Lower Alveolar ridge 5 (50.0) 1 (10) 4 (40)
Retromolar area 1 (100) 0 0
Tongue 0 1 (50) 1 (50)

Fisher’s Exact test, p= 0.287 (>0.05)

The perineural invasion was present in 8 (34.8%) cases among which 6 (85.7%) were 
invasive tumour. 7 out of 7 erosive tumour was devoid of perineural invasion. (Table 4)
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Table 4: Histological invasion pattern in relation to perineural invasion (n=23)

Perineural invasion

Histopathological invasion pattern

Total
No invasion

n (%)
Erosive
n (%)

Invasive
n (%)

Absent 7 (77.8) 7(100.0) 1(14.3) 15(65.2)

Present 2 (22.2) 0 6(85.7) 8(34.8)

Fisher’s Exact test, p= 0.003 (< 0.05)
Out of 23 tumors, 10 (43.5%) were well differentiated and 13 (56.5%) were moderately 
differentiated. 71.4% (5) invasive tumor were moderately differentiated.( Table 5)

Table 5: Histopathological invasion pattern in relation to histopathological grading (n=23)

Histopathological invasion pattern
Histopathological grading

Well differentiated n (%) Moderately differentiated n (%)
No invasion 5 (55.6) 4 (44.4)

Erosive 3 (42.9) 4 (57.1)

Invasive 2 (28.6) 5 (71.4)

     Total                         10(43.5) 13 (56.5)

out of 7 invasive pattern bone involvements, 3 (42.9%) were at stage IVA, 4 (57.1%) were at 
stage IVB. Out of 4 (17.4%) Stage IV B tumors, 4 (100%) involved bone in an invasive 
pattern. Among the erosive patterns, 7 (85.7%) were in stage IVA and 1 (14.3%) was in stage 
II. There were 13 (56.5%) stage IVA diseases, among them no invasion in 3 (30.8%), erosive 
in 7 (46.2%) and invasive in 3 (23.1%). (Table 6)

Table 6: Histological invasion pattern in relation to pathological TNM staging (n=23)

Histopathological invasion pattern

Pathological TNM staging

Stage II
n (%)

Stage III
n (%)

Stage IV A
n (%)

Stage IV B
n (%)

No invasion 0 5 (55.6) 4 (44.4) 0
Erosive 1 (14.3) 0 6 (85.7) 0
Invasive 0 0 3 (42.9) 4 (57.1)
Total 1 (4.3) 5 (21.7) 13 (56.5) 4 (17.4)

Fisher’ s Exact test, p= 0.001 (<0.05)
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Discussion

The mainstay of treatment for oral squamous cell 
carcinoma was composite resection of the cancer with 
en bloc resection of a segment or hemi mandible with 
a probable recurrence preventive adequate healthy 
margin, including neck node dissection.35 With a better 
understanding of the disease’s spread and biology, it’s 
now clear that most of the oral cancer spread to the 
mandible occurs through direct infiltration of the tumor 
through the alveolar ridge or lingual and buccal cortical 
plate.21,29 Tumors also enter at the point of abutment, 

which is the junction of reflected and attached mucosa in 
both edentulous and dentulous mandibles. It has long been 
assumed that if there is normal tissue between the tumor 
and the bone, the mandible can be saved. But determining 
the involvement of the mandible preoperatively can be 
difficult, and subsequent preservation of the mandible 
can result in positive resection margins if the canal has 
not been excised. Also, it has been shown that invasive 
disease patterns are visible at shallower depths.29

Dubner & Heller36 found that marginal resection of 
the mandible resulted in significantly higher local 

CECT could truly predict bone involvement in 10 patients out of 14 patients. Among 9
patients who didn’t have bone invasion, CECT could predict in 6 patients accurately not 
having invasion.( Table 7)

Table 7: Bone invasion in CECT in relation to bone invasion in Histopathology (n=23)

Bone invasion in CECT
Bone invasion in Histopathology

TotalPositive Negative
Positive 10

TP
3

FP
13

TP+FP
Negative 4

FN
6

TN
10 FN+TN

Total 14
TP+FN

9
FP+TN

23

TP=True positive, FP=False positive, FN=False Negative, TN=True Negative Fisher’s Exact test, p=0.102 (P
> 0.05)

PPV: Positive Predictive Value, NPV: Negative Predictive Value

Figure 3: Diagnostic accuracy of CECT

CECT showed 71.4% sensitivity, 66.7% specificity, 76.9% positive predictive value, 60% 
negative predictive value and 70% accuracy.

DISCUSSION
The mainstay of treatment for oral squamous cell carcinoma was composite resection of the 
cancer with en bloc resection of a segment or hemi mandible with a probable recurrence 
preventive adequate healthy margin, including neck node dissection.35 With a better 
understanding of the disease's spread and biology, it's now clear that most of the oral cancer 
spread to the mandible occurs through direct infiltration of the tumor through the alveolar 
ridge or lingual and buccal cortical plate.21,29 Tumors also enter at the point of abutment, 
which is the junction of reflected and attached mucosa in both edentulous and dentulous 
mandibles. It has long been assumed that if there is normal tissue between the tumor and the 
bone, the mandible can be saved. But determining the involvement of the mandible 
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recurrence rates, regardless of the size of the primary or 
the involvement of the nodes. They also discovered that 
neither tumor invasion of the mandible nor the addition 
of radiotherapy influenced recurrence rates. Similar 
findings were found in a study of Ord, et al.23 

CT has been reported to be the most accurate method 
in evaluating discrete cortical bone involvement.16 
However, CT scans are hampered by artifacts produced 
by metallic dental prostheses and false-negative CT 
findings are reported to occur as well.37

The present study included 23 histologically confirmed 
squamous cell carcinoma patients, out of whom, 14 
(60.87%) were female and 9 (39.13%) were male which 
is contrary to the findings of a study5 probably due to 
late reporting of female patient than male in our country.

The age range in this study was from 25 years to 75. 
The mean age of all patients was 59.04 (SD 10.542) and 
most (82.61%) of the patients were aged above 50 years 
that is similar to the findings of Vidiri, et al.38

In our study Buccal mucosa 10(43.5%) and lower 
alveolar ridge 10 (43.5%) were the most common sites. 
Seven (70%) out of 10 buccal mucosa tumour involved 
bone. And 5(50%) out of 10 lower alveolar ridge tumors 
had bone involvement that is significantly lower than 
the incidence (89%) found by Kalavrezos et al.33 and 
Tsue et al.37

Our findings of histopathological invasion patterns: we 
found two types of invasions: “Erosive” and “Invasive” 
and that is consistent with the study of Brown & 
Browne29and Müller & Slootweg.27 Among 23 patients’ 
invasions were as follows: no invasion in 9 (39.1%), 
erosive bone invasion in 7 (30.4%), and invasive 
bone invasion in 7 (30.4%) and overall, 60.8% bone 
involvement was present. 

Contrast-enhanced computed tomography scan had 
a Sensitivity of 71.4%, which is higher than the 
observation (41.7%) found by Gu et al.39 and close to 
the findings (83%) of Uribe, et al.40 and (75%) Kushraj 
et al.32 And Specificity of 66.7%, which is lower than the 
findings (100%) both by Gu, et al.39 and Uribe et al.40 
The positive and negative predictive value of CECT was 
respectively 76.9% which is lower than (100%) Kushraj 
et al.32 and 60% slightly lower than (78%) Kushraj et 
al.32

Out of 7 patients with invasive pattern bone involvement, 
3 (42.9%) were at stage IVA, 4 (57.1%) were at stage 

IVB. Out of 4 Stage IV B tumors, 4 (100%) involved 
bone in an invasive pattern, p= 0.001 (<0.05). 

In our findings out of 23 tumors, 10 (43.5%) were 
well differentiated and 13 (56.5%) were moderately 
differentiated. 71.4% (5) of invasive tumor were 
moderately differentiated. But degree of differentiation 
was not strongly associated with the patterns of bone 
invasion, p=0.68 (>0.05) which supports the findings of 
Lukinmaa et al.26 

In contrary to the findings of Hong et al.41, invasive 
patterns had perineural invasion in 85.7% (7) cases 
and out of 7 (30.4%) erosive patterns, 7 (100%) had no 
perineural invasion. These findings were statistically 
significant p= 0.003 (<0.05). 

Conclusion

The results of our study suggest that oral cancer 
can invade mandible by two patterns: ‘erosive’ and 
‘invasive’. Contrast enhanced computed tomography 
had a sensitivity of 71.4%, Specificity of 66.7% and 
Positive and negative predictive value was respectively 
76.9%, and 60%. Most (71.4%) of the invasive 
tumour were moderately differentiated but degree of 
differentiation was not associated with the patterns of 
bone invasion. Invasive patterns commonly (85.7%) 
had perineural invasion. The accuracy of identifying 
mandibular invasion by CECT was 70%, indicating 
a certain degree of sampling error and variability in 
interpretation.

Limitations of the study

The limitation of this study was the small number of 
subjects available. It was not feasible to take more 
samples due to limited indoor facilities, of the ongoing 
COVID pandemic situation as well as a limited time 
period for the study. An accurate preoperative assessment 
of mandibular invasion cannot be justified.

Recommendations

Based on the findings of our study, review of literature and 
in accordance with the pattern of mandibular invasion, 
we recommend combined preoperative radiographic 
assessment tools besides clinical assessment to detect 
mandibular invasion. As the types of tools cannot be 
recommended from this study, further study is needed 
for accurate preoperative diagnosis of mandibular 
invasion.
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