1.J. Image, Graphics and Signal Processing, 2016, 5, 83-91
Published Online May 2016 in MECS (http://www.mecs-press.org/)

DOI: 10.5815/ijigsp.2016.05.08

=

|
| Modern Education
| and Computer Science

| PRESS

Imaging Techniques for Cancer Diagnosis and
Scope for Enhancement

Showkat Hassan Malik *
! Department of computer Science, Mewar University, Rajasthan, India
E-mail: shmalik. mca@gmail.com

Tariq Ahmad Lone 2
Z Department of computer Science, Mewar University, Rajasthan, India
E-mail: tarig380@gmail.com

Prof. S. M. k Quadri *
® Department of computer Science, Jamia Millia Islamia University, New Delhi, India
E-mail: Quadrismk@hotmail.com

Abstract—Imaging technigues are used to create images
of structure, function and pathology of human body
organs for cancer diagnosis. Various imaging techniques
like X-ray, Positron Emission Tomography (PET),
Ultrasound (US), MRI etc. are used for cancer diagnosis.
These imaging techniques have gone through Lot of
advancements during last few years. These techniques
vary in the technology and application. Various artifacts
exist in these imaging techniques and images produced
by theses imaging techniques. These artifacts can be
exploited to enhance the imaging technique and the
images produced by them.

Index Terms—Imaging techniques, cancer diagnosis,
image enhancement, image artifacts.

I.  INTRODUCTION

Imaging techniques create visual representation in the
form of images of interior of body to reveal the structure,
function and pathology of human body organs for cancer
diagnosis and treatment. There are several imaging
techniques to view the internal structure of human body,
each type gives different information about the organ of
the human body being treated or studied for effective
medical diagnosis and treatment. Hidden structure of
bones and skin is revealed using Imaging Techniques.
Imaging Techniques are not only used for detection but
also for determining the stage and location of cancer in
order to provide aid in treatment and surgery. There are
various uses of imaging as for as cancer is concerned like
screening of cancer: imaging is used to check
abnormalities that might be cancerous. Diagnosis:
imaging can be used to find out the location of cancer and
how much it has spread. Guiding cancer Treatment:
imaging can be used to focus on the exact location of
cancer during treatment and determine whether treatment
is working or not. Many imaging techniques are used for
cancer diagnosis, treatment and planning surgery like X-
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ray, Ultrasound (US), Positron Emission Tomography
(PET), Single-Photon Emission Computed Tomography
(SPECT), Computed Tomography (CT), Magnetic
Resonance Imaging (MRI), Optical Imaging (Ol) etc.
Medical x-rays are very important to help diagnose
different diseases, including cancer. X-rays and CT scans
use ionizing radiation which can lead to health risks from
the radiation but the use of these equipments are low and
the benefits overweight the risk as far as right diagnosis
and treatment is concerned. Ultrasound imaging
technique can help a physician to evaluate, diagnose and
treat medical conditions like to visualize abdominal
tissues and organs, assess bone fragility, visualize breast
tissue, listen to the fetal heart beat, visualize blood flow
through a blood vessel, organs, view the heart, view the
fetus in pregnancy, visualize ocular structures etc. PET
and SPECT imaging techniques allows for the study of
molecular and cellular events in the living organism. PET
and SPECT can be made well suited for molecular
imaging of cancer. MRI imaging technique is also
important that can help physicians in analyzing various
diseases including tumors. MRI has high accuracy as
compared to CT scan. MRI can be used for analysis of
local diseases and can provide valuable information about
breast conditions that may not be obtained by other
imaging techniques, such as mammography or ultrasound.
Optical imaging is cheap and fast imaging technique. Ol
is used to detect human cancers in locations that are
accessible by an optical imaging device. Molecular
function of cancer cells of human body can be
investigated  using  Light.  Advancements in
instrumentation of Ol make it possible to investigate
tissue of several centimeters in depth. The use of optical
imaging is now being applied in operating room for the
localization of malignant tumors in addition to screening
of cancer. These techniques are discussed in detail in the
following sections [I11-X]. There exist various artifacts in
these imaging techniques. Artifact is misrepresentation of
tissues in the output image. The artifacts produced by
them result in difficulties in diagnosis by radiologists.
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This paper is organized as: Section Il presents related
work, I11-X presents the different Imaging techniques and
enhancement issues and Section X1 Presents conclusion of
the paper.

Il. RELATED WORK

In this section we briefly present imaging techniques
for cancer diagnosis. Imaging technique is one of the most
important tool for evaluating size and form of internal
body structures. The aim of imaging techniques is to aid in
diagnosis and treatment of various diseases especially
cancers and tumors. There are various imaging techniques
which can be used for cancer diagnosis and guiding
treatment like X-rays, US, PET, SPECT, CT, MRI, Ol etc.
X-ray typically was the first imaging technique used to
help diagnose symptoms of various diseases like shortness
of breath, persistent cough, injury, lung cancer etc. Since
in the middle of the 1990s, X-ray imaging has been
increasing attention. The advantage of X-ray is that high
sensitivity is achieved for weak absorbing material, such
as soft tissues, which generate a poor contrast by other
imaging techniques. Medical and biological imaging is the
main target of X-ray imaging. The progress of X-ray
imaging depends on advances in third-generation
synchrotron radiation source, optical element, and image
detector [47] [53]. US have undergone dramatic changes
since its invention three decades ago. US have evolved
into high resolution real-time imaging system. Advances
in  Electronics and computing have revolutionized
ultrasound imaging applications. Advances in Digital
signal processing has innovated beam forming, image
display and archiving [48] [54-55]. SPECT developed in
1960 was used for clinical practice in 1980. SPECT and
its competitor PET is used for acquisition of nuclear
medicine image data. Technical advances in electronics
and reconstruction algorithms have evolved SPECT and
PET considerably [49] [56]. MRI whole body scanner
developed in 1980 is used to get an image of
the anatomy and the physiology of human body.
Advances in MRI image analysis have increased the
utility of MR in diagnosis, screening, management, and
therapy monitoring of cancer [50] [57]. Ol allows three-
dimensional reconstruction of optical signals in human
body using diffuse optical tomography. These
technological advances in imaging helps in investigating
the molecular functions of tumors [51] [58].

Il. X-RAY

An X-ray developed in 1895 represents major advances
in medical science. X-ray imaging examinations are
recognized as a valuable medical tool for a wide variety of
procedures. They are used to support medical and surgical
treatment planning. X-rays use electromagnetic radiation
to make images on a film called radiograph. X-rays are
passed through human body to show images of bones,
tumors and dense matter. Some rays are absorbed and
some are attenuated. Dense tissues can cause more
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attenuation resulting in white color in x-ray image while
as less dense tissues can cause less attenuation resulting in
darker spots in x-ray image [3-5]. X-ray can be used for
cancer diagnosis and staging and guiding treatment. X-
rays can also be used to destroy cancer cells using
radiation therapy. There are different types of x-rays like
chest x-ray; bone x-ray etc. x-rays help doctors to
diagnose cancer, to get size of tumor, to compare tumors
before and after treatment. Some x-ray images are shown
in figure 1 below.

(b)

(©

Fig.1. (a) X-ray of Knee, (b) Chest X-ray, Lung Cancer X-ray, (d) X-ray
of Hand

A.  X-ray Artifacts

Various Artifacts may occur in X-ray images due to
improper handling of the film packet. The movements also
result in various artifacts due to excessive movement of
the tube, the movement of patient or the film. X-rays
images may be distorted due to improper alignment of the
tube, object or film, finger prints, blurred images, cone
cutting, double exposure etc.[6].

X-ray as an imaging technique has some advantages
and disadvantages:

ADVANTAGES

1. X-ray procedure is quick and painless.
2. X-ray helps in disease diagnosis, including some
cancers, infections and broken bones.

DISADVANTAGES

1. Children have greater risk of cancer due to
exposure to ionizing radiation (x-rays).

2. Soft tissue tumors do not show well on x-ray
image.

3. X-ray images cannot always differentiate between
cancerous and non cancerous tumors.
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V. MAMMOGRAPHY

Among the female population breast cancer is the
second most  frequent  malignant  neoplasm.
Mammography is used to detect breast disorders. The goal
of mammography is early detection of breast cancer. In
mammography special X-ray scan technique in which low
energy x-rays are used to examine human breasts in order
to detect masses, micro calcifications and breast cancer.
The process of obtaining mammograms is almost same as
that of x-ray image, the difference being that only low
energy x-rays are used in mammograms as compared to
normal x-rays. In mammography in order to get an image
the breast is compressed using a dedicated mammography
unit to make the thickness of breast tissue even. Even
thickness of breast tissue increases the image quality
because low energy x-rays pass through easily. The breast
is held still and images of the breast are taken. There are
various types of mammography like film mammography,
digital mammography etc. digital mammography has
higher cancer detection rate as compared to film
mammography. The characteristics of the tumors are same
using both the methods [2] [7] [9]. Main aim of
mammography is to detect breast cancer and guide
treatment. Besides mammography there are other
techniques used for detection of breast disorders like US,
MRI and positron emission mammography (PEM). Some
mammaogram images are shown in figure 2 below.

© )
Fig.2. (a) (b) Mammograms, (c) (d) Breast Cancer

A.  Mammography Artifacts

Artifacts in mammograms images reduce image quality
and results in technical difficulties for the radiologist to
interpret the results. The artifacts in mammography can
be categorized as Detector like artifacts, machine related
artifacts, patient related artifacts, storage related artifacts,
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and processing related artifacts. These artifacts can be
reduced by stimulating them by using some enhancement
techniques for better results and diagnosis. These artifacts
can be recognized to improve the quality of
mammographic interpretation and to prevent the
characterization of artifacts as breast disease [8-11].

Mammography has some  advantages and
disadvantages when used for diagnosis breast related
diseases:

ADVANTAGES

1. Mammography procedure is quick and painless.

2. It reduces mortality by early detection of breast
cancer.

3. It helps in improving treatment and can enhance
the life span of patients [12].

DISADVANTAGES

1. Exposure to ionizing radiation

2. False detection of breast cancer which leads to
further tests.

3. All cancers cannot be detected

4. Can lead to over diagnosis.

Fig.3. (a) US of Kidney, (b) US of Unborn Baby, (c) Us of Ovary, (d)
US of Ovarian Tumor

V. ULTRASOUND (US)

In US high frequency sound waves are used to produce
images of interior organs and tissues of the body. In order
to perform ultrasound examination the patient needs to
apply a thin layer of gel to the skin. A transducer is
directly placed on the skin to transmit the waves through
the gel into the body. The reflection of sound waves from
the body parts, the strength of the signal and the
transmission time is used to produce the images.
Ultrasonic imaging uses 2 MHz and higher frequencies to
locate a tumor inside the body. During an ultrasound a
handheld device is placed on the body and moved around
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then images of internal organs can be seen on the monitor.
US advances include three dimensional US and Doppler
US. Three dimensional US converts sound waves into
three dimensional images. Doppler US can be used to
show direction and speed of blood flowing through veins
[14]. Ultrasound images help doctors to diagnose and treat
medical conditions. Ultrasound also helps to perform
biopsy by showing tumor location in the body [15]. Some
Ultrasound images are shown in figure 3 below.

A. Ultrasound artifacts

Ultrasound (US) Images encounter various artifacts
which can be the source of confusion for interpreting
results by the radiologists. Some artifacts may be
avoidable and arise due to improper scanning technique.
Other artifacts are generated by the physical limitations
of the modality. US artifacts can be understood with a
basic appreciation of the physical properties of the
ultrasound beam, the propagation of sound in matter, and
the assumptions of image processing. US artifacts arise
due to errors inherent to the ultrasound beam
characteristics, the presence of multiple echo paths,
velocity errors, and attenuation errors. Artifacts are
encountered routinely in clinical practice. Recognition of
these artifacts is important because they may be clues to
tissue composition and aid in diagnosis [16]. The ability
to recognize and remedy potentially correctable US
artifacts is important for image enhancement and optimal
patient care. Artifacts in ultrasonic images can be
classified into three categories:

1. Atrtifacts related to instrument problems, which
occur when the equipment is not functioning
satisfactorily.

2. Technique dependent artifacts, in which artifacts

are produced by unsatisfactory Operator technique.

3. Artifacts due to the way tissues affect sound
[17].Ultrasound imaging technique has some
advantages and disadvantages:

ADVANTAGES

1. Ultrasound is safe because no ionizing radiations
are used.

2. Soft tissues and organs can be visualized.

3. US can detect lesions in dense breasts when
mammograms cannot.

4. US can differentiate between cyst and solid mass.

5. US can be used to detect flow of blood through
veins.

6. US can be used to diagnose medical condition of
pregnant women when other imaging techniques
are not safe.

7. US can be used to check health of unborn baby.

DISADVANTAGES

1. US require a highly experienced expert to perform
ultrasound examination.

2. Some cancers cannot be detected by ultrasound.

3. Patients may require preparation for the ultrasound
examination.
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VI. POSITRON EMISSION TOMOGRAPHY (PET)

PET creates images of body and organs. The patient is
injected radioactive substance linked to components used
by body cells or components that are absorbed by cancer
cells. Patient lies still for an hour while radioactive
substance circulates through body. If patient is having
tumor the radioactive substance gets accumulated in the
tumor. The PET scanner captures the distribution of
radioactive substance in the body [18-19]. The computer
then translates the distribution of radioactive substance
into an image which then is interpreted by a radiologist, to
detect tumor given the fact that cancer cells absorb more
radioactive substance than other tissues in the body. PET
scan helps in determining whether a mass is cancerous or
not. PET scan shows accurate results for large tumors and
can detect cancer while other imaging techniques may
show normal results. PET scan also helps in checking
whether treatment is working or not. Some PET images
are shown in figure 4 below.

@) (b)

Fig.4. (a) PET scan of Human Brain, (b) (c) (d) PET Scan of Human
Body

A. PET Artifacts

A Positron Emission Tomography (PET) scan is
performed to detect the function and activity of the cells
in human body. It can be used to evaluate diseases in
which there is a change in the cells such as cancer. PET
image artifacts are caused due to: metallic implants,
respiratory motion, contrast medium, and truncation.
There can be errors due to Calibration problems, Detector
failures, Resolution and partial volume effects and patient
motion [20-26]. Various advantages and disadvantages
associated with PET scan technique are:

ADVANTAGES

1. PET scan enables us to detect disease before
apparent changes in the anatomy take place.

2. PET differentiates between cancerous and non
cancerous tumors.
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3. PET can be used to plan surgery and to check the
overall spread of the diseases.

4. PET is very effective in diagnosing early stages of
cancer and neurological diseases.

DISADVANTAGES

1. PET scan is expensive, therefore is not offered in
all the medical institutions in the world.

2. PET scan is risky for some patients like pregnant
women because of radioactive substance used in
the procedure.

3. Patients can go through PET scan procedure
limited number of times due to use of radioactive
substance.

VII. SINGLE-PHOTON EMISSION COMPUTED TOMOGRAPHY

(SPECT)

SPECT also uses radioactive substance to be injected in
the body through veins. The SPECT scanner is used to
capture the flow of blood and chemical reaction in the
body to make computerized 2D, and 3D images.
Radioactive substance gets stick to tumor cells which may
be detected by SPECT scanner to diagnose cancer.
SPECT is a dynamic field which has improved a lot
during last few years both in hardware technology and
image processing algorithms. The components used in
SPECT like Scintollators and photon transducers have
also improved. The new advance in SPECT includes high-
count sensitivity cardiac SPECT systems and hybrid
SPECT/CT systems. The reconstruction algorithms have
also gone through advancements in order to minimize
image acquisition time and at the same time keeping the
diagnostic quality. In nuclear medicine Preclinical small-
animal SPECT systems have become a major focus to
follow treatment [27-28]. Some SPECT images are shown
in figure 5 below.

(d)
Fig.5. (a) (b) SPET Scan of Human Body, (c) (d) SPECT Scan of Brain
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A. SPECT Artifacts

In SPECT there are certain artifacts that may cause
attenuation in the image when there is a case of cancer
diagnosis. The artifacts that may arise are somehow
similar to PET artifacts like Motion artifacts, Scatter, low
contrast, metal induction, low radiation dose for
malignancy detection etc. These artifacts need to reduce
these for better image quality for early diagnosis [29-30].

SPECT advantages and disadvantages are as under:

ADVANTAGES

1. SPECT scan can detect disease before apparent
changes in the anatomy take place.

DISADVANTAGES

1. SPECT scan is very time consuming procedure
2. Images produced by SPECT are low in resolution.

Fig.6. (a) CT Image of Brain, (b) CT Image of Liver, (c) CT Image of
Kidney, (d) CT Image of Lung

VIIl. COMPUTED TOMOGRAPHY (CT)

CT uses x-ray equipment to create cross-sectional
layers that show detailed images of the internal body
organs, including bones, tissues, and tumors. During CT
procedure series of images are created like a loaf of sliced
bread which can be looked at individually. These 2D
sliced images can be combined to create 3D images. CT
Images help doctors to diagnose various diseases
especially cancer. CT images can show information which
experienced radiologists can use to get approximate
location of tumor CT helps doctors to detect abnormal
tissue growth, diagnose the presence and recurrence of a
tumor, provide information about the stage of a cancer,
guide treatments and find whether a cancer is responding
to treatment, to help plan radiation therapy or surgery.
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Conventional CT scan takes series of images of slices of
body. These slices are few millimeters apart. Recent
technical advances in CT scan increase the effectiveness
and speed by taking continuous pictures of body so that
there is no gape in the pictures collected [31-35]. Some
CT images are shown in figure 6 below.

A. CT Artifacts

There are several artifacts that may arise in CT images.
These artifacts are classified as patient-based artifacts,
physics-based artifacts, and hardware-based artifacts.
Patient-based artifacts include motion artifact and
transient interruption of contrast. Physics-based artifacts
include beam hardening, partial volume averaging,
quantum mottle, photon starvation and aliasing in CT.
Hardware-based artifacts include ring artifacts, tube
arcing and out of field artifact [36]. CT scan has some
advantages and disadvantages:

ADVANTAGES

1. CT reduces need for exploratory surgeries.
2. CT can help diagnose cancer and guide treatment.

DISADVANTAGES

1. The cancer risks are generally greater than other
imaging techniques as it uses higher doses of
radiation than simple X-ray.

2. Injection of a contrast medium can cause kidney
problems or allergies in some people.

3. CT scan may require anesthesia
procedures.

in some

IX. MAGNETIC RESONANCE IMAGING (MRI)

Magnetic Resonance Imaging uses powerful magnetic
fields, radio waves and properties of hydrogen atoms to
produce detailed images of internal body organs, soft
tissues, bones, cartilage and ligaments. Light grey or white
areas in an MRI image are referred as high signal while as
dark grey or black areas in an MRI image are referred to
as low signal. MRI images are used to detect many types
of tumors like brain tumor and abdomen tumors [37-39].
MRI images can help doctors to determine whether a
tumor is noncancerous or cancerous. MRI also aids in
learning about stages of cancer and planning treatments
like surgery and radiation therapy and also helps in
monitoring the response of treatment. Some MRI images
are shown in figure 7 below.

Copyright © 2016 MECS

(d)

Fig.7. (a) MRI Image of Brain, (b)MRI Image of Liver, (c) MRI Image
of Kidney, (d) MRI of Knee

A. MRI Artifacts

There are various artifacts associated with MRI
technology which can degrade image quality and can lead
to inaccurate diagnosis. MRI artifacts include Motion
artifacts which arise due to movement of object or part of
body during imaging. Motion artifacts include Respiratory
motion, Cardiac motion, and vascular pulsation. Other
MRI artifacts are Susceptibility artifacts, Chemical Shift
artifacts, wrap around artifacts, partial volume artifacts,
Gibbs Ringing artifacts, Cross excitation, zipper, shading
artifacts. MR artifacts cause image degradation.
Investigations of MRI artifacts lead to further
understanding of image processing and help in enhancing
the MRI images for diagnosis. MRI artifacts can be
broadly grouped into two categories first, artifacts related
to hardware which needs service personnel for correction.
The second category is patient related artifacts. These
artifacts can be corrected easily once they are recognized
[40-41]. There are some advantages and disadvantages of
MRI which are as under:

ADVANTAGES

1. MRI procedure is painless
2. It does not use ionizing radiations.
3. Soft tissue contrast is excellent.

DISADVANTAGES

1. MRI is atime consuming procedure.

It is noisy.

It may require anesthesia for children.

Movement during MRI procedure can affect the

MRI images.

5.  Movements during MRI can ruin the image, and
may need to retest.

6. Some people may feel claustrophobic during MRI
scan.

7. Contrast medium Injection can cause Kkidney
problems.

o

X. OPTICAL IMAGING (Ol)

Optical imaging uses visible light, ultraviolet, or
infrared light to pass through the tissue to assess its optical
properties by the detector. Various optical imaging
devices are used for the detection of changes in blood
volume, flow rates, endogenous tissue, fluorescent signals
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and tissue components. Tumor tissues are highly hypoxic
and have altered blood flow, difference in optical
absorbance of oxy- and de-oxy-hemoglobin in the tumor
and normal tissues can be used to indicate the presence of
lesion. Advanced computer algorithms are used to
construct images. There are various techniques of optical
imaging to obtain images of tissues and cells of the body
like Endoscopy, Optical Coherence Tomography (OCT),
diffuse optical tomography (DOT), Raman spectroscopy,
super-resolution microscopy, Terahertz tomography etc.
Optical imaging has the potential to improve the outcome
of cancer surgery, minimize anesthesia time of patients
and lower healthcare costs by improved contrast and depth
of tissue penetration [42-44]. Some Ol images are shown
in figure 8 below.

Fig.8. (a) Cancer Cells, (b) Stomach Cancer, (c) (d) Ol of Duodenum

A. Optical imaging Artifacts

During optical imaging artifacts produced may cause
distortion of image and can affect various areas where
there is a need to focus for diagnosis, The artifacts are
Motion artifacts, axial flattering artifacts, Scanning beam
distortion, imaging artifacts, background noise. There are
some techniques by which we can correct these artifacts
for better results and for early diagnosis [45-46] [52].
There are some advantages and disadvantages of 10 which
are as under:

ADVANTAGES

1. Optical imaging is safe as it does not use
radioactive components.

2. Optical imaging is not costly as compared to some
other imaging techniques like MRI, CT scan etc.

3. Optical imaging has high sensitivity of signal
detection.

4. Optical imaging can be used to visualize soft
tissues.
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5. Optical imaging has short imaging time as
compared to other imaging techniques.

6. Optical imaging can be used for repeated studies
over time.

DISADVANTAGES

1. Optical imaging suffers from signal attenuation for
deeper tissues.

Xl. CONCLUSION

The paper discusses imaging techniques for cancer
diagnosis. Various imaging techniques exist to develop
images of the interior structure of human body for
diagnosis of various diseases. These imaging techniques
vary in the technology they use and their application. X-
rays are used to diagnose bone cancers. Mammograms are
used to detect breast cancer. PET and SPECT can be
effective to diagnose early stages of cancer. CT can be
used to detect tumors and for treatment guidance. Each
imaging techniques has some advantages and
disadvantages. US and MRI are safe than that of some
other imaging techniques like x-ray and CT scan. There is
risk of cancer in CT scan and X-ray due to exposure to
ionizing radiations. Various artifacts exist in these
imaging techniques and the images they produce for
diagnosis which can lead to wrong diagnosis or difficulty
in early diagnosis of cancer. These artifacts need to be
recognized so that we can make corrections accordingly to
produce better results as far as cancer diagnosis is
concerned.
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