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Abstract
Introduction and Objectives: Oral cancer is a dreadful disease occurring most commonly in the Indian subcontinent. Since
there is rarely a second chance for cure, initial approach to treatment is important. A crucial factor in pretreatment assessment of
these patients is determination of presence and extent of bone invasion.
Materials and Methods: A descriptive study was carried out on 25 patients with clinically and histopathologically diagnosed
squamous cell carcinoma. Clinical examination, OPG and contrast enhanced CT was carried out on all patients. Bone adjacent to
the tumor was assessed on the CT and served as a gold standard. The other two modalities were then compared to the gold
standard.
Results: The sensitivity and specificity for clinical examination and OPG were 63.2% & 66.7% and 78.9% and 83.3%
respectively. The positive predictive value and negative predictive value for clinical examination were 85.7% and 36.4%
respectively. The positive predictive value and negative predictive value for OPG were 93.7% and 55.5% respectively.
Conclusion: The present study showed that careful clinical examination followed by OPG may serve as a preliminary evaluation
to detect probable presence and extent of bone invasion in oral malignancies.
Keywords: Bone invasion, conventional CT, Orthopantomograph, Squamous cell carcinoma.

Introduction
These days the world is heading towards various
types of non-communicable diseases, which are also
known as modern epidemics. Among these modern
epidemics, cancer is one of the commonest cause of
mortality in developed countries. Cancer, which is
defined as an abnormal growth of cells, can affect any
tissue or organ of the body.
Oral squamous cell carcinoma (OSCC) constitutes
a major health problem worldwide, leading to one of
the 10 most common causes of death. Oral cancer
represents approximately 13% of all cancers, thereby,
translating into 30,000 new cases every year.1
According to the World Health Organization,
carcinoma of the oral cavity is the sixth commonest
cancer in males and tenth commonest cancer in females
in developing countries2 and constitutes 12% of all
cancers in men and 8% of all cancers among women.3
It is the most prevalent cancer related to the
consumption of tobacco, alcohol and other carcinogenic
products.4 It is estimated that more than 1 million new
oral cancer cases are being detected annually in the
Indian subcontinent of which 92-95℅ are Oral
squamous cell carcinoma (OSCC),5 accounting for 5070% of the total cancer mortality.6
There is rarely a second chance for cure. Therefore,
the initial approach to therapy is critical. Depending on
the site and extent of the primary tumor and the status
of the lymph nodes, the treatment of oral cancer may be
by surgery alone, radiation therapy alone,
chemotherapy alone or a combination of these.

Diagnostic imaging has potential impact on the
detection, diagnosis, preoperative evaluation, staging
and postoperative follow-up of cancer patients.
Several imaging modalities such as conventional
radiography, ultrasonography, computed tomography,
bone scanning and magnetic resonance imaging have
been used to investigate the presence of bone
involvement by oral cancers.7-9 All these methods seem
to have specific limitations; however, the use of
computed tomography (CT) in the preoperative
assessment of malignant tumors seems to be the most
valuable technique, because it shows soft and bone
tissues in the same exam and has a high sensitivity and
specificity for assessment of bone destruction.10,11
The burden of cancer is still increasing worldwide
despite advances in diagnosis and treatment. Bone
invasion alters the clinical staging and management of
oral carcinoma on the assumption that resection of bone
invaded by tumour can result in disease progression and
poor outcome. The assessment of presence and extent
of bone invasion is an important part of the preoperative staging of oral carcinoma to help in better
treatment planning and determination of prognosis of
these patients.
With this factor in mind, this study was undertaken
to
evaluate
clinical
examination
and
orthopantomography in predicting bone invasion using
computed tomography in oral malignant tumours.
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Materials and Methods
This descriptive study was carried out in the
Department of Oral Medicine and Radiology,
Government Dental College, Srinagar. Ethical
committee clearance was obtained prior to the
commencement of the study.
The study consisted of 25 patients (16 males and 9
females) clinically and histopathologically diagnosed as
oral malignancies seen at our clinic from November
2012 to December 2014. Patient age ranged from 26 to
80 years (mean 53.7 years).

Fig. 1: Clinical examination showing infiltrative
ulcer mandibular left gingivobuccal sulcus

Inclusion Criteria
25 patients with histopathologically diagnosed oral
malignancy approximating the bone were included in
the study.
Exclusion Criteria
1. Claustrophobic patients
2. Pregnant patients
3. Patients with recurrence of carcinoma after
radiotherapy and chemotherapy
4. Patients allergic to the dye
5. Medically compromised patients
6. Lesions which were clinically suspicious but
histopathologically negative for malignancy.
All patients fulfilling the above criteria were
informed about the study being conducted and informed
consent was obtained from them. After a detailed case
history, all patients were subjected to complete clinical
examination. In order to detect bone invasion by
malignant tumours upon clinical examination, the main
clinical parameters used were inspection, palpation, and
description of lesions. Stage assessment was made
according to the criteria of the 6th edition TNM staging
system established by the American Joint Committee
on Cancer.12
Subsequently, the patients were subjected to OPG and
CT examination.
Panoramic radiographs were taken on Orthophos
(Sirona, Germany) extraoral machine.
CT scans were performed on Somatom Definition
AS, 64 slice helical CT scanner (Siemens Medical
Systems, Germany) with a slice thickness of 0.6 mm in
axial section. Scans were performed after the
intravenous (IV) administration of iodine non-ionic
contrast (Iopamiro 370, Bracco, Patheon Italia S.p.A.,
FR, Italy) (Fig. 3) that was infused immediately before
starting scanning. The CT images were considered the
golden standard in our study.
The radiographic images were assessed by a
medical and a maxillofacial radiologist independently.
Any differences were resolved by consensus. An
example of case is illustrated in Fig. 1-4.

Fig. 2: Orthopantomograph of the patient

Fig. 3: Contrast-enhanced Computed Tomography
(Bone Window)
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Fig. 4: Contrast-enhanced Computed Tomography
(Soft-tissue Window)
Criteria for bone invasion in CT
In CT bone invasion is suggestive when tumour
tissue was visible outside the cortical bone and the
cortical bone was seen to be partially eroded or
destroyed.
Diagnostic tests done for the study
Sensitivity: Ability of a test to identify correctly all
those who have the disease. [True positives]
Sensitivity: true positive/ [true positive + false
negative] x 100
Specificity: Ability of a test to identify correctly those
who do not have the disease. [True negatives]
Specificity: true negative/ [true negative + false
positive] x 100
Positive predictive value: Means that a patient with a
positive test result has in fact the disease in question.
Positive predictive value: true positive/ [true positive +
false positive]
Negative predictive value: Means that a patient with a
negative test result has in fact no disease in question.
Negative predictive value: true negative/ [true negative
+ false negative]
Results
A descriptive study was carried out on 25 patients
who were histopathologically diagnosed as oral
malignancy. Patient age ranged from 26 to 80 years.
Among 25 subjects, 16 were males and 9 were females.
The mean age of the patients was 53.72±14.458 years.
The mean age of male and female patients was
52.06±14.158 & 56.67±15.362 respectively.
Two reviewers, one general and one maxillofacial
radiologist, retrospectively assessed the radiographic
images independently. There was complete agreement

between the 2 observers, with the exception of 2
patients (к = 0.80).
Out of 25 patients who were clinically and
histopathologically diagnosed as oral malignancy, CT
detected bone invasion in 19 cases and 6 cases showed
absence of bone invasion. CT was considered as gold
standard in this study.
Correlation of morphology of lesions with bone
invasion are shown in table 1, graph 1. Correlation of
Stage with bone invasion are depicted in table 2, graph
2. Sensitivity, Specificity, positive and negative
predictive values of Clinical Examination are shown in
table 3.
Results of OPG in comparison to the gold standard
are depicted in table 4. Table 5 depictes the Sensitivity,
Specificity, positive and negative predictive values of
OPG. Wilcoxon signed rank test was used to determine
the difference between the clinical and CT and OPG
and CT examinations. [Table 6]
Table 1: Correlation of morphology of lesions with
bone invasion
Morphology
CT Scan
Total
Present
Absent
No. %age No. %age
Papillary
6
31.6
1
16.7
7
Ulcer
Infiltrative
9
47.4
3
50.0
12
Ulcer
Nodular
4
21.0
2
33.3
6
Total
19
100
6
100
25
Graph 1: Morphology vs CT Scan

Table 2: Correlation of Stage with bone invasion
Stage
CT Scan
Total
Present
Absent
No. %age No. %age
I
1
5.3
2
33.3
3
II
5
26.3
2
33.3
7
III
8
42.1
2
33.3
10
IVA
3
15.8
0
0
3
IVB
2
10.5
0
0
2
Total
19
100
6
100
25
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Graph 2: Stage vs CT Scan

Table 3: Sensitivity, Specificity, positive and
negative predictive values of Clinical Examination
Variable
Value
95% Confidence
Interval
Sensitivity
63.2% (38.36% to 83.72%)
Specificity
66.7% (22.27% to 95.67%)
Positive
85.7% (57.17% to 98.22%)
Predictive Value
Negative
36.4% (10.92% to 69.19%)
Predictive Value
Table 4: Results of OPG in comparison to the gold
standard
CT Scan
OPG
Total
Positive
Negative
Positive
TP=15
FP=1
16
Negative
FN=4
TN=5
9
Total
19
6
25
Table 5: Sensitivity, Specificity,
negative predictive values of OPG

positive and

Variable

Value

Sensitivity
Specificity
Positive
Predictive Value
Negative
Predictive Value

78.9%
83.3%
93.7%

95% Confidence
Interval
(54.43% to 93.95%)
(35.88% to 99.58%)
(69.79% to 99.84%)

55.5%

(21.21% to 86.31%)

Table 6: Wilcoxon signed rank test was used to
determine the difference between the clinical and
CT and OPG and CT examinations
Comparison Z-value P-value*
Remarks
CT vs
-1.667
0.096
Not
Clinical
significant
Suspicion
CT vs OPG
-1.342
0.18
Not
significant
*P-value by Wilcoxon Signed Rank Test

Discussion
Tumours clinically approximating the bone may
not show bone invasion clinically or on plain
radiography, yet such cases may show poor prognosis
when tumor is excised without the bone or cases where
there is no bone invasion, treatment may involve
unnecessary mandibular resections.
The accurate prediction of the presence and extent
of mandibular invasion takes on considerable
importance as an inappropriate segmental resection will
increase the complexity of reconstruction and the
burden of rehabilitation. Conversely an inappropriate
marginal resection will potentially compromise the
oncological aims and increase the risk of local
recurrence.
In order to predict invasion of the mandible several
radiological techniques have been introduced over the
past few years. These have included plain
radiographs,13 tomography,8 radionuclide scans,13
ultrasonography,14 computerized tomography8,13,15 and
magnetic resonance imaging.16
Our study was undertaken to assess the accuracy of
clinical examination and OPG findings as compared to
contrast enhanced CT. The use of CT in the assessment
of bone invasion in oral cavity cancers has been
advocated by a number of authors.8 Close et al15
endorsed CT as the radiologic study of choice.
The study was conducted on patients who reported
to the Department of Oral Medicine and Radiology.
These patients were biopsy confirmed cases of oral
malignancies with probable bone involvement. Among
the 25 patients included in our study, 16 patients were
males and 9 patients were females with a mean age of
53.7 years (range 26-80 years). This is similar to the
cohort studied by Albuquerque et al12 where the mean
age of the patients was 57.8 years (range 29-84 years).
These patients were grouped according to TNM
classification. There were 3 patients with T1, 7 patients
with T2, 10 patients with T3 and 5 patients with T4
disease.
In all the patients, clinical and OPG examination
was carried out followed by contrast enhanced CT. The
CT findings were considered to be the gold standard in
our study. The CT scan reported 19 out of 25 patients
had tumour infiltrating the bone i.e. 76%. This is in
comparison to 68% rate as reported by Kalavrezos et
al17 and Albuquerque et al18 in their studies.
Results of clinical examination compared to the gold
standard
In our study, clinical examination showed 14
positives out of which 12 were confirmed by CT and 4
false positive cases, with an accuracy of 64%. It
showed a sensitivity of 63.2%, specificity of 66.7%,
positive predictive value of 85.7% whereas a negative
predictive value of 36.4%. This is in concordance with
the findings of Van Cann et al19 who found the
sensitivity of clinical examination to be 59.1%. In
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contrast, Close et al8 and Van den Brekel et al20
reported lower sensitivity of clinical examination at
53% and 39% respectively. Leipzig13 reported an
accuracy of clinical examination to be 84% in their
study.
The relationship between lesion site and presence
of bone invasion has been analysed by several
authors.21,22 According to these studies, tumors located
in the retromolar area and alveolar ridge are those most
likely to invade bone (88%) since the soft tissue layer in
these areas is quite thin, which allows rapid bone
invasion by the tumour. This was confirmed in our
study as well.
The morphologic aspect of the tumours associated
with bone involvement has not been much studied.23 Of
the 12 patients presenting lesions with clinical aspect of
infiltrative ulcer, 9 (75%) had bone invasion. This high
propensity for bone invasion by these lesions might be
due to the principal vector of growth toward the deep
tissues. 6 out of 7 (85.7%) papillary ulcers and 4 out of
6 (66.7%) nodular lesions showed bony involvement.
The concept of association of tumour stage with
mandibular bone involvement is supported by many
studies.18,22 Our study echoed those findings, showing a
gradual progression of 33.3% stage I patients showing
bone invasion to 100% of stage IV .
Results of OPG compared to the gold standard
In our study, OPG findings showed bone invasion
in 16 patients out of which 15 were confirmed on CT
with one false positive case and accuracy of 80%.
Statistical analysis showed a sensitivity of 78.9%,
specificity of 83.3%, positive predictive value of 93.7%
whereas a negative predictive value of 55.5%.
This is in concordance with the sensitivity values
as reported by Smyth et al24 (73.6%) and Kushraj et al25
(75%). Ord et al26 showed OPG to have a sensitivity of
86.6% and a specificity of 80%. Rao et al27 reported a
higher sensitivity of 92% and a specificity of 58%.
Leipzig13 reported accuracy of OPG to be 68% in his
study.
Various authors have opined that OPG is useful
when there is gross invasion of cortical bone. However,
it is not useful in evaluating minimal invasion or
involvement of the inner cortex.27
There were certain limitations to our study. Firstly,
there was no post-operative histopathologic correlation
for confirmation of bone invasion as is done by most
studies. Our study was done on the lines of
Albuquerque et al23 and was purely a clinico-radiologic
study. Secondly, ours was a qualitative assessment of
simply presence of absence of bone invasion. This is in
contrast to quantitative assessment as done by few other
authors.18,28 Not seeking comment on the extent of
invasion was similar to Smyth et al24 as they believed it
to be because of the crudeness of radiology in reflecting
the histological changes. Thirdly, the sample size in
study was small although exactly the same number as

Albuquerque et al23, this necessitates further study
using larger cohorts in order to validate the findings.
Conclusion
The following inferences were drawn from the study:
1. The sensitivity and specificity for clinical
examination were 63.2% and 66.7% respectively.
2. The sensitivity and specificity for OPG were
78.9% and 83.3% respectively.
3. The positive predictive value and negative
predictive value for clinical examination were
85.7% and 36.4% respectively.
4. The positive predictive value and negative
predictive value for OPG were 93.7% and 55.5%
respectively.
The study concludes that detection of bone
invasion by clinical examination and OPG may be
subjective, but detection of bone invasion by these
methods is efficient to an acceptable degree. Also, the
study showed a higher propensity for stage IV lesions
involving the alveolus or hard palate to show bone
invasion.
This study concludes that careful clinical
examination followed by OPG may serve as a
preliminary evaluation to detect probable presence and
extent of bone invasion in oral malignancies. However,
due to smaller sample size the results obtained in this
study may not be definitive.
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