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[1-15]. Cone beam CT remains a promising radiographic 
imaging modality for the oral and maxillofacial and head and 
neck surgeon. It delivers approximately 1/6 the amount of 
radiation and is about 1/10 the cost of a multi-slice, helical CT 
(the most commonly used imaging modality) [1].

In this study, our aim was to explore the accuracy of clinical 
and radiologic exam in predicting the presence or absence 
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Introduction
Determining the extent of invasion of oral squamous cell 

carcinoma (OSSCa) is paramount to obtain oncologic margins. 
When invasion is identified during the initial workup, this 
allows the surgeon to form a more definitive surgical plan. If 
absence of mandibular or maxillary invasion can be proven, 
it permits the sparing of parts of the mandible and maxilla, 
which are critical to facial form and function. In addition, 
occult infiltration of the jaw may be a source of locoregional 
regrowth and recurrence. Therefore, accurate clinical exam 
and imaging techniques are critical to treatment planning. 
Specifically, the accurate prediction of the presence or 
absence of malignant invasion of the jaw greatly influences 
the surgical treatment plan, potential morbidity and oncologic 
outcomes.

Several imaging studies have been conducted with the aim 
of predicting maxillary or mandibular invasion. For example, 
MRI, plain radiography, conventional computed tomography 
(CT), cone beam CT (CBCT) and PET/CT have been examined 
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Abstract
Purpose: Clinical and radiologic exam are critical to determine the extent of invasion from oral squamous cell carcinoma. 
In this study, we examine their accuracy in the prediction of invasion of the maxilla or mandible, as judged using 
histopathologic correlation.

Methods: We enrolled patients into a prospective, phase one, clinical trial. The predictor variables were clinical and 
radiologic examination. The experimental variable was the use of cone beam CT to predict invasion of the jaw. Each 
variable was assessed for sensitivity, specificity, as well as diagnostic accuracy.

Results: Clinical exam, standard imaging and CBCT yielded a sensitivity of 100, 75 and 100%, a specificity of 80, 87.5 and 
80% respectively and a diagnostic accuracy of 83.3% for all modalities.

Conclusion: Clinical exam, standard imaging and CBCT are of comparable diagnostic accuracy.
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instances as an adjunct to the standard imaging as ordered 
by the treating investigator. The head and neck radiologists 
were double blinded to the patient identifiers as well as to 
the other’s assessment. Cortical thinning, scalloping, dimpling 
or other irregularities were sought for tumors abutting the 
mandible or maxilla in order to deem there to be cortical 
invasion (Figure 1). When conflict occurred regarding 
interpretation, this was resolved by re-review and through 
consensus discussion.

The outcomes of each exam were recorded as either one 
of three options: Presence of invasion, absence of invasion, 
or equivocal. If the clinical or radiologic examination was 
equivocal, we considered it negative. This was justified 
following similar clinical oncologic principles in head and 
neck examination used for staging, such as that of extra-
nodal extension (ENE) which can be found either clinically or 
radio logically. In order for ENE to be diagnosed, it must be 
unequivocally present to be clinically positive as established 
by the American Joint Committee on Cancer and we applied 
these same principles to invasion of the jaw [16]. The data 
was compiled into a table using Microsoft Word.

Data Analysis
Sensitivity, specificity and diagnostic accuracy was 

calculated for all of the variables examined. Statistical analysis 
was performed using R version 4.2.0. [17,18].

Results
There were twelve study participants: six male and six 

female for a 1:1 ratio. The median age of diagnosis and 
enrollment was 68 years of age. Of these patients, five were 
treated with marginal mandibulectomy, four with segmental 
mandibulectomy, two with infrastructure maxillectomy and 
one who had hemiglossectomy and no bony resection (Table 1).

Clinical Exam showed a sensitivity of 100% (95% CI 15.8-
100), specificity of 80.0% (95% CI 44.4-97.5). It’s diagnostic 
accuracy was 83.3% (95% CI 51.6-97.9).

Standard Imaging showed a sensitivity of 75% (95% 
CI 19.4-99.4), specificity of 87.5% (95% CI 47.3-99). The 
diagnostic accuracy was 83.3% (95% CI 51.6-97.9).

Cone beam CT showed a sensitivity of 100% (95% CI 15.8-
100), specificity of 80.0% (95% CI 44.4-97.5). The diagnostic 
accuracy was 83.3% (95% CI 51.6-97.9).

Discussion
In this study, we explored the accuracy of clinical and 

radiologic exam to predict the presence or absence of jaw 
invasion by oral squamous cell carcinoma (OSSCa). We 
hypothesized that imaging and clinical exam would have 
similar accuracy to one another, and that CBCT would have 
a similar sensitivity and specificity to standard imaging. We 
observed that clinical exam, standard imaging and CBCT are 
of comparable sensitivity and specificity and equivalent in 
diagnostic accuracy. Unfortunately, due to small sample size, 
none of our observations were statistically significant.

Other publications have examined the utility of standard 

of jaw invasion by oral squamous cell carcinoma (OSSCa). 
Our hypothesis was that imaging and clinical exam will have 
similar accuracy to one another, and that CBCT will have a 
similar sensitivity and specificity to helical CT. Additionally, 
we hypothesized that CBCT may prove valuable in instances 
in which exam and standard imaging are equivocal, or dental 
artifact impairs the visualization of the primary site on helical 
CT.

Methods

Study design
To address the research purpose, the investigators 

designed and implemented a prospective, blinded, pilot 
clinical trial. This study was approved by the Institutional 
Review Board at Thomas Jefferson University. Adult patients 
(18 years or older) referred to our tertiary care medical 
center diagnosed with squamous cell carcinoma of the 
mandibular gingival, buccal mucosa, floor of the mouth, retro 
molar trigone, maxillary gingival, hard palate and tuberosity 
were prospectively recruited. All participants met consensus, 
biopsy-proven, guideline-established criteria for OSCCa.

The inclusion criteria included: adult patients age 18-85, 
histologic evidence of squamous cell carcinoma abutting the 
jaw, concern for invasion and no prior jaw surgery.

Exclusion criteria included: Prior mandibular or maxillary 
surgery, primary intraosseous carcinoma and prior history 
of radiation to the jaw. In order to isolate the detection rate 
of radiographic modalities, patients with obvious clinical 
findings of invasion including direct visual or extension into 
the mandible or maxilla were excluded. If it was equivocal, 
the patient was offered inclusion.

Those who met inclusion criteria and wished to participate 
were consented and enrolled.

Variables
The predictor variables were clinical and radiologic 

examination. The exploratory variable is the use of CBCT. The 
outcome variable was presence or absence of invasion of the 
jaw as defined by the histopathologic findings.

Data Collection Methods
Demographic information including age, gender, and 

ethnicity were collected. At enrollment, participants were 
assessed by the evaluating physician. The presence of 
Carcinomatous invasion of the mandible or maxilla was 
assessed using clinical, radiographic, and histopathologic 
modalities using a binary rating system.

For clinical exam, the presence of Carcinomatous invasion 
of the mandible/maxilla was assessed by the treating surgeon 
using oral cavity physical examination.

For radiologic exam, the presence of Carcinomatous 
invasion of the mandible or maxilla was assessed by two 
independent head and neck radiologists. The standard 
imaging was CT neck with contrast in ten of the cases and two 
were MRI of the face. The cone beam CT was utilized in seven 
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Figure 1: A 68-year-old male presented with a left mandibular vestibular carcinoma abutting but not obviously invading the mandible. 
Imaging was obtained to aid in treatment planning and (A) and (B) axial bone windows of helical CT with 1.25mm cuts and (C) CBCT with 
0.4mm cuts show scalloping of buccal cortex at site of red arrows indicating invasion. (D) is an axial soft tissue window corresponding 
to the carcinoma abutting the mandible which can be seen as the enhancing asymmetric lesion in the left mandibular vestibule 
between buccinator and platysma marked by a blue arrow. Therefore, the patient underwent composite mandibulectomy and bony 
invasion was present.

bony involvement until there is extension into the marrow. 
With the goal being early detection of invasion of the cortex, 
CT seems to be a superior singular study.

The advent and availability of CBCT has spawned interest 
in its utility for detection of jaw invasion by OSCCa. In 2010, 
Hendrikx, et al. examined CBCT to determine its ability 
to predict invasion of the mandible by carcinoma. Their 
assessment was that CBCT has the potential to obviate 
unnecessary mandibular resection and that it warranted 
further evaluation as such a tool, but there were no 
statistically significant conclusions drawn [3]. Several other 
publications have examined the use of CBCT as an imaging 
modality for evaluating mandibular invasion by oral squamous 
cell carcinoma. All have demonstrated sufficient accuracy of 
diagnosis and believe this to be a useful tool in pre-operative 
planning [10,12-14]. Uribe, et al. compared the sensitivity 
and specificity of CT, MRI, and CBCT and found all three tests 

imaging modalities in evaluating jaw invasion by OSSCa using 
CT, MRI and radionuclide bone scan. Mukherj, et al. showed 
that thin-section CT reconstructed with bone algorithm is 
an accurate technique to detect mandibular involvement by 
squamous cell carcinoma of the oral cavity [5]. Computed 
tomography was the imaging of choice from our authors 
as well, and we believe it represents the standard of care, 
particularly with the smallest slice possible. However, there 
are publications that advocate for the use of MRI. Bolzoni, 
et al. and Vidiri, et al. conclude that the high sensitivity and 
negative predictive value of MRI make it a useful tool in ruling 
out invasive disease of the jaw [6,7]. In addition, Imaizumi, 
et al. and Li, et al. found that MRI is more sensitive, yet less 
specific than CT in determining the presence and extent of 
mandibular invasion by squamous cell carcinoma [8,14]. Our 
authors posit that MRI is less sensitive in detecting subtle 
cortical irregularities than CT and typically does not show 
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excellent oncologic control of mandibular invasion, however 
false positives did occur with SPECT. Despite promising 
oncologic control, there is room for improvement in obviating 
unnecessary resection in the setting of a false positive result.

This study has several limitations. First, it was of small 
sample size and therefore not large enough to be able to 
draw any statistically significant conclusions. Second, the 
standard imaging was left to the discretion of the treating 
surgeon and though most studies ordered were the same 
(CT), there was some variation. Third, several patients in the 
study did not receive CBCT, which decreased the number of 
studies available as compared to those for standard imaging. 
A larger clinical trial with increased standardization of the 
protocol could yield statistically significant data that may aid 
practitioners in assessing jaw invasion in future patients.
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to be of equal diagnostic values to detect mandibular bone 
invasion by oral SCC [15].

Ultimately, when clinical and radiologic exam is equivocal, 
additional imaging is often ordered. As there may be no one 
single study that is sufficient to accurately predict presence 
or absence of invasion, a combination of imaging modalities 
likely may be required. For example, Bouhir, et al. report 
that CT and MRI can be used as complementary tools for the 
preoperative assessment of mandibular bone invasion. [10] 
Acton, et al. found similar sensitivity, specificity, PPV, and NPV 
between CT and MRI, and conclude that the combination of 
studies improves accuracy [11]. Attempts have been made to 
formulate an algorithm using multimodal diagnostics, though 
none have become standardized. In 2008, Van Cann, et al. 
published a protocol of assessment of mandibular invasion by 
OSCCa [2]. They created an algorithm whereby either CT or 
MRI were employed as the first diagnostic test, followed by a 
bone SPECT when the initial imaging was negative. In their 67 
patient cohorts, a negative bone SPECT ruled out mandibular 
invasion with 100% sensitivity. They reported diagnostic 
accuracy of 85% without false negative results. This provides 

Table 1: Patient demographic, clinical, radiologic, histologic and treatment data.

Patient Age, 
Gender

Primary Site Tumor 
size

Clinical exam Standard 
imaging

CBCT Surgical Procedure Histologic exam

1 85, M Left Mandible

Gingiva
1.1 cm  equivocal MRI +  +

Marginal 

Mandibulectomy
Invasion present 

2 73, F Right Mandible

Gingiva 
1.8 cm 

+

 
equivocal equivocal

Composite 
Mandibulectomy

Invasion present 

3 56, M
Floor of Mouth  3.3 cm 

-

 
-  n/a

Composite 
Mandibulectomy

Absent 

4 80, F Left Mandible 

gingiva
1.8 cm  equivocal - 

-

 

Marginal   
Mandibulectomy  Absent 

5 57, M Left Lateral 
Tongue  4.6 cm 

-

 
- +

Left hemiglossectomy

No mandible surgery

Absent 

 

6 63, M
Right oral lip  3.8 cm  equivocal -  n/a

Marginal 

Mandibulectomy

Absent 

7 68, M Left mandible 

gingiva
1.2 cm  +   +  + 

Composite 
Mandibulectomy Present

8 62, M Left floor of 
mouth  4.5 cm  - 

-   
- 

Marginal 

Mandibulectomy
Absent 

9 55, F
Hard Palate  1.1 cm  equivocal +   n/a

Infrastructure

Maxillectomy
Absent 

10 77, F Left floor of 
mouth 2.2 cm -  -  - 

Marginal

Mandibulectomy
Absent 

11 74, F Left maxillary

gingiva
3.5 cm   equivocal MRI + +

Infrastructure

Maxillectomy
Present 

12 68, F Left floor of 
mouth 4.0 cm   equivocal

PET/CT 

(-) 
n/a

Composite 

Mandibulectomy
Absent 
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