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Objective: The aim of this study was to investigate the usefulness of texture analysis in the
characterization of oral cancers involving the buccal mucosa and to assess its effectiveness in
differentiating between the various grades of the tumour.

Methods: Contrast enhanced CT examination was carried out in 21 patients with carcinoma
of the buccal mucosa who had consented to retrospective analysis during a research study
that was approved by the institutional review board. Two regions of interest (ROIs) were
created, one at the site of the lesion and the other at the contralateral normal side. Texture
analysis measures of fractal dimension (FD), lacunarity and grey level co-occurrence matrix
(GLCM) were computed for each ROI. The numeric data from the two ROIs were compared

and were correlated with the tumour grade as confirmed by biopsy.

Results:

The difference between the mean FD and GLCM parameters of the lesion vs the

normal ROI were statistically significant (p < 0.05); no significant difference was observed
between the three grades of tumour for any of the parameters (p > 0.05).

Conclusion:

Texture analysis on CT images is a potential method in the characterization of

oral cancers involving the buccal mucosa and deserves further investigation as a predictor of

tumour aggression.
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Introduction

Oral cancer is one of the major global health problems,
with an alarmingly high incidence in the developing
world particularly. It is the eighth most common cancer
in males worldwide, and in south central Asia it ranks
among the three most common types of cancers
affecting the body.! In India, the age-standardized
incidence rate of cancers of the oral cavity remains as
high as 12.6 per 100000 of population.> Despite many
advances in the treatment of these cancers, there is a
high mortality rate with an overall 5-year survival rate
of 20-43%.3 Besides this, those patients treated for oral
cancers are left with severe aesthetic and functional
compromises leading to significant morbidity affecting
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their psychological and physical welfare. The major
factors contributing to this scenario are delay in
diagnosis and high recurrence rates owing to inade-
quate patient treatment protocol. The current ther-
apeutic decision making is based on tumour staging
with clinical examination, visual assessment of radi-
ological images and conventional histopathological
tumour grading. Patients in the early stages are treated
with either radiation therapy or surgical resection,
while those in advanced stages require a combination
of these including chemotherapy. Any inadequacy in
the assessing and staging of the tumour may reflect
as treatment failure and cause further deterioration
of patients’ health. This underscores the need for a
more quantitative and reproducible approach which
can be used as an adjuvant tool to effectively assess
tumours and their behaviour before the initiation of
therapy.
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Various imaging modalities are used to evaluate the oral
cavity cancers including plain film radiography (intraoral
radiography, panoramic radiography), nuclear medicine
scintigraphy, ultrasonography, CT, MRI and positron
emission tomography combined with CT (PET/CT). Use
of conventional radiographs, scintigraphy and ultrasono-
graphy in the evaluation of primary tumours is highly
restricted owing to their inherent limitations in accuracy.
Although MRI and PET/CT are promising in the accurate
assessment of oral cancers, cost and availability limit their
routine use. CT is the most commonly used imaging
modality and provides high-resolution images especially
when a contrast agent is used to highlight the vascularity of
the examined tissues. The characteristics commonly used
to describe the tumours are size, extent of involvement and
bone invasion. However, no information is sought on the
heterogeneity, texture/surface irregularity and complexity
of the lesions, which may be important for the extraction
of diagnostic information from CT images. In recent years,
texture analysis techniques have been applied for different
imaging modalities to distinguish normal and abnormal
tissues in the body*® and also to characterize lung
tumours as aggressive or non-aggressive.'® Studies have
also demonstrated use of the method to classify salivary
gland pathologies as benign or malignant on ultrasono-
graphic images.!!!3 Such an analysis is concerned with the
study of the variation in intensity of acquired image pixel
values. The ability to extract such useful, otherwise hidden
information through digitally processed images can be an
important tool for oncologists to support an accurate
diagnosis. Additionally, the information could be used to
determine the biological behaviour of tumours, thereby
assisting in the stratification of patients in a cost-effective
manner. However, there remains a dearth of literature on
the use of such a novel technique in the characterization of
cancers of the oral cavity. Further, it is worth exploring the
effectiveness of texture examination on CT images which
are routinely acquired for oral cancer assessment and
treatment planning.

This study was attempted with the following aims
and objectives: (a) to investigate the usefulness of
texture analysis as a parameter for numerical expres-
sion in the characterization of oral cancers involving
the buccal mucosa and (b) to establish whether the
texture analysed with the use of different parameters
could be used to discriminate among the various grades
of oral cancers (grade I—well differentiated, grade II—
moderately differentiated and grade I1I—poorly differ-
entiated) as confirmed by biopsy.

Materials and methods

Ethical aspects

All procedures in this study were conducted in full
accordance with the ethical principles and received
approval from the institutional review board of the
Government Dental College and Research Institute,
Bangalore, India.
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Image acquisition

21 patients (12 males and 9 females) aged 30-73 years
with carcinoma involving the buccal mucosa underwent
high-resolution quantitative contrast enhanced CT
(Siemens Emotion; Siemens Healthcare, Munich,
Germany) examination for tumour staging. The slice
thickness was 2 mm; table speed 2mms™!; scans began
12-16s after the injection of iopramide contrast agent
with iodine concentration of 370mgml~! and were
acquired at an anatomical level containing the largest
transverse dimension of the cancer lesions of the head
and neck. A standard algorithm was used for image
reconstruction and the images were 512 x 512 pixels.
The image data were transferred with a dynamic
sequence in digital imaging and communication in
medicine (DICOM) format to a computer with a
processor speed of 1.86GHz and a 3GB system
memory. One image which appeared with the maximum
effect of the contrast was chosen for further analysis.

Image analysis
The ImagelJ 1.43 program (US National Institute of
Health, Bethesda, MA, http://rsb.info.nih.gov/nih-
image) was used for image processing and analysis.
All the acquired images were first converted to 8 bit
pixels. Two regions of interest (ROIs) were chosen, one
at the site of the lesion and the other at the contralateral
normal side (Figure 1).

The choice of the ROI was carried out according to
the following criteria:

Its shape was a rectangle.

® [ts position was determined manually under the
supervision of an expert radiologist.
The ROI always excluded the bone and air spaces.
Its size was arbitrarily selected as 30 x 15 pixels. As
the analysis was restricted to buccal mucosa, a larger
size of ROI particularly in the normal area would
have resulted in inclusion of air and/or bone, which
would have drastically altered the analysis, while a
smaller area would not have sufficiently covered the
area, particularly in the region of the lesion.

The ROIs were cropped and each of these greyscale
images were subjected to three methods of texture
analysis—two model-based feature methods and one
statistically-based feature extraction method. The for-
mer included fractal dimension (FD) and lacunarity
with the differential box counting method, and the
latter included grey level co-occurrence matrix (GLCM)
texture analysis (Figure 2). For the GLCM analysis, the
default case 0° with one separating pixel was adopted
as the tissue regions were stochastic without a visible
repletion pattern.

In the study, greyscale images were used for analysis
rather than binary counterparts as the former are
considered richer in information which is deemed
necessary for image analysis.!* No filtering was used
as the noise was subtle and smoothing the image would



Figure 1

have resulted in blurring out some of the tissue
characteristics (i.e. reducing pixel variation in the
ROI) which are essential in the operation of the applied
texture measures.
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Figure 2 Texture analysis of CT image with the software

Texture analysis and cancers of buccal mucosa
WV Raja et al

(a) Region of interest (ROI) extraction of lesion. (b) ROI extraction of contralateral normal area

The numerical data for various parameters of texture
from the lesional and normal ROIs were compared.
Further, the data from the lesional ROI were correlated
with the tumour grade as confirmed by biopsy: grade
I—well differentiated; grade II-—moderately differen-
tiated; grade I1I—poorly differentiated. Statistical anal-
ysis was carried out with SPSS version 15.0 (SPPS Inc.,
Chicago, IL).

Concepts of texture analysis
FD is a mathematical descriptor which provides a
structure’s geometrical complexity. FD is based on the
hypothesis that spatial patterns are self similar, i.e. they
repeat themselves among many scales and exhibit a
certain hierarchical dependency when they are simulta-
neously analysed in different scales. This hierarchical
dependency may provide valuable information to cha-
racterize such patterns. There are many algorithms to
estimate the fractal dimensions of an image. One of the
most applied is the box-counting algorithm!> which was
used in the study. According to this algorithm, an image is
systematically covered with grids. Each one is composed
by adjacent boxes of size n, where 7 is the corresponding
scaling factor and theoretically takes a value from 0 to
infinity. However, in practice, for a 512 x 5S12mm CT
image with a resolution of 8-16 bits per pixel, the optimal
n range is between 2 pixels and 7 pixels.!° Then, for each
successive grid, the number of boxes of a particular size
which are needed to cover the image are counted.
Lacunarity can be defined as a complimentary
measure of fractal dimension or the deviation of a
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Table 1 Comparison of various parameters of texture analysis between the lesion and normal groups

Parameter Group Mean SD Median Minimum Maximum 7z p-value

FD Lesion 0.712 0.097 0.711 0.489 0.876 —3.258 0.0017
Normal 0.612 0.086 0.594 0.485 0.831

ASM Lesion 0.0047 0.0035 0.0030 0.0010 0.0150 —2.891 0.004"
Normal 0.0024 0.0009 0.0020 0.0010 0.0050

Contrast Lesion 1511.86 375.51 1467.22 728.25 2292.26 —2.327 0.020”
Normal 1187.14 427.04 1254.48 400.75 1900.73

IDM Lesion 0.268 0.121 0.256 0.053 0.587 —3.082 0.002?
Normal 0.167 0.060 0.145 0.082 0.291

Entropy Lesion 5.81 0.55 5.89 4.66 6.68 —3.056 0.002°
Normal 6.26 0.28 6.36 5.68 6.64

Lacunarity Lesion 0.0193 0.0165 0.0117 0.0001 0.0590 —0.641 0.521
Normal 0.0195 0.0225 0.0104 0.0001 0.0888

ASM, angular second moment; FD, fractional dimension; IDM, inverse difference; SD, standard deviation.
a7 score quantifies the distance that a given data point is from the mean of a data set.

’Denotes significant difference.

geometric structure from its translational invariance. It
allows the viewer to distinguish spatial patterns through
the analysis of their gap distribution in different scales.
The higher the lacunarity of a spatial pattern, the higher
the variability of its gaps in an image and the more
heterogeneous its texture will be. There are numerous
algorithms to calculate the lacunarity of an image.
Among them, two have been commonly used: gliding-
box and differential box-counting. In the present study,
the latter was used.

The GLCM proposed by Haralick et al'® represents
the joint probability of certain sets of pixels having a
certain grey level value. It calculates how many times a
pixel with a particular grey level occurs jointly with
another pixel having a different grey value. This matrix
is used to extract the second order statistical texture
features. Haralick et al suggested 14 features describing
the two-dimensional probability density function. In
this research, four popular features were used: angular
second moment (ASM), contrast, inverse difference
moment (IDM) and entropy. ASM is a way to measure
disorders in an image through summing the square of
all pixels, with higher values indicating that pixels are
very similar. Contrast, also known as inertia, is the
measurement of intensity contrast or local variations
between the image pixels, giving lower values for
uniform texture. IDM is related to the contrast of the
texture and is also called the homogeneity. Entropy is a
measurement of randomness in the image, with higher
entropy values indicating complex or random texture.

Results

The comparison of various parameters of texture
analysis between the lesion and normal group is
presented in Table 1. The Mann—Whitney U-test was
used here as the data did not follow normality. Higher
mean FD, ASM, contrast and IDM were recorded in
the lesion group than in the normal group. The
differences in these parameters between the two groups
were found to be statistically significant (p <0.01).
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Higher mean entropy was recorded in the normal group
than in the lesion group and the difference was
significant (p = 0.002). However, there was no differ-
ence in the mean lacunarity between the lesion and
normal groups (p = 0.521).

Table 2 presents the texture parameters of lesional
ROIs assessed for every tumour grade. As the data
pertaining to lesion group alone followed normality,
the analysis of variance test was used. No significant
difference was observed between the three grades of
tumour for any of the parameters (p > 0.05).

Discussion

Texture analysis is a mathematical technique for
quantification of complex structures by studying the
variation in the intensity of image element (pixel) values
acquired under certain conditions. Numerous studies
have employed diverse measures of texture analysis to
characterize lesions in the various regions of the body
and to distinguish them from the normal tissues.>”
Investigators commonly use the measurement of FD and
have consistently found higher values in the region of
malignancy. Similar results were obtained in our study
with pathological tissues have a higher FD when
compared with the normal tissues, implying a greater
complexity and surface roughness of the tumours. Also,
the second order statistical texture features extracted
with the GLCM, namely contrast, was found to be
effective for pattern recognition between the normal and
the pathological regions. The parameter presented
higher mean values for the lesion ROI when compared
with the normal ROI, indicating irregularity in the
tumour region. The presumed reason for such hetero-
geneity could be that in the tumours, owing to chaotic
angiogenesis, the general shape of the blood vessels is
altered and deformed, becoming very rough and result-
ing in increased texture characteristics. Thus, when a
contrast agent is injected, there is enhanced intensity of
blood vessels in the images and corresponding texture
values.
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Table 2 Comparison of various parameters of texture analysis between different tumour stages in the lesion group

Parameter Tumour grade Mean SD Median Minimum Maximum F p-value

ASM 1 0.0054 0.0033 0.0050 0.0010 0.0110 0.996 0.389
11 0.0034 0.0018 0.0030 0.0020 0.0070
111 0.0058 0.0054 0.0030 0.0020 0.0150

Contrast 1 1359.05 302.35 1417.97 728.25 1716.30 1.290 0.299
11 1555.98 399.08 1645.32 954.27 1999.94
111 1685.78 421.84 1768.30 1181.51 2292.26

IDM 1 0.282 0.135 0.293 0.053 0.417 0.720 0.500
11 0.229 0.067 0.231 0.134 0.339
11 0.307 0.167 0.242 0.176 0.587

Entropy I 5.66 0.61 5.64 4.90 6.68 1.071 0.363
11 6.03 0.36 6.06 5.40 6.41
111 5.70 0.69 5.89 4.66 6.33

FD I 0.713 0.130 0.751 0.489 0.838 0.123 0.885
11 0.701 0.080 0.692 0.624 0.876
111 0.729 0.079 0.747 0.630 0.816

Lacunarity I 0.023 0.016 0.019 0.004 0.053 0.822 0.455
11 0.013 0.010 0.011 0.002 0.029
II1 0.023 0.025 0.012 0.000 0.059

ASM, angular second moment; F, ratio of mean sum of squares to error sum of squares; FD, fractional dimension; IDM, inverse difference; SD,

standard deviation.

Although the parameters ASM, IDM and entropy
are useful in texture characterization, the results are
controversial; ideally, lower values of ASM and IDM
and higher values of entropy represent randomness of
the structure. However, in the study, the mean values of
these parameters behaved unexpectedly, thereby repre-
senting less randomness of the tumour area. This discre-
pancy could be owing to either the sensitivity of the
parameters to minor variations in the noise and intensity
of acquired images when compared with the other
parameters used in the study or the inherent limitations
of the software used. Furthermore, the slice thickness of
the acquired CT images may have also influenced the
values. Nevertheless, the authors believe that the results
are debatable and require further confirmation.

As the treatment of oral cancers is largely based
on assessment with scalpel biopsy, we attempted to
compare the texture characteristics on the CT images
with the histopathological tumour grading. This com-
parison revealed that none of the parameters of texture
analysis could effectively discriminate between the
grades of the tumour. It is well known that the
histopathological analysis is critically dependant on
the biopsy taken from the most representative area of
the lesion, which in turn relies greatly on the skill and
experience of the surgeon. Furthermore, as pointed out
by Pentenero et al,'” histopathological features can
differ in different parts of the lesion, and biopsy
samples may not always represent the most aggressive
area of the whole lesion. Besides, the histopathological
grading by the pathologists is highly subjective with
intra- and interobserver variability and has low repro-
ducibility.!®1° In the present study, the inconsistent
correlation of texture analysis and tumour grading
could be influenced by the possibility that the incisional
biopsy did not actually represent the most aggressive
area of the tumour. Thus, it would have been most ideal
to compare the texture characteristics with a better and

more definitive marker of aggression such as fludeox-
yglucose PET or molecular markers of cancers in the
biopsied tissues. However, limited availability and high
cost hindered their use in this study. These issues should
to be adequately addressed in future studies by cor-
relating texture characteristics on CT images with
completely excised tumour mass and analysed with
better predictors of tumour aggression than conven-
tional histopathology of incisional biopsy.

This study is a stepping stone in texture analysis of CT
images of oral cancers. Future research in the use of this
novel technique for cancers of buccal mucosa and other
sites of the oral cavity may provide an understanding of
the practicality of its use in treatment planning of oral
cancers. Also, confirmation of these results in a larger
sample size can make available cut-off values which can
differentiate between the lesion and normal areas.

In conclusion, FD and GLCM texture analysis methods
are useful in the characterization of buccal mucosa
cancers, but their role in the discrimination of tumour
grades requires further exploration. Because this technique
is non-invasive and cost-effective it may prove as a pro-
mising adjuvant tool in oral cancer workup, particularly in
resource-limited developing countries. Nonetheless, use of
this technique is still at infancy and future studies are
essential to regard or disregard its use in the diagnosis and
treatment planning of oral malignancies.
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