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Abstract — Spinal nerve root pinched by herniated
intervertebral disc will yield to painful complaints.
Such condition in medical term is called as
radiculopathy. The lesion usually occurs in the lower
part of vertebral column, i.e. lumbar radiculopathy. To
verify the diagnosis, the patient should wundergo
magnetic resonance imaging (MRI) examination.
Further image processing is needed to aid the
interpretation of these MRI images. The data in this
study consisted of 40 MRI images, obtained by using
General Electric Brivo MR 355 in T2-weighted sagittal
relaxation phase, which are to be processed later by
enlarged and enhancement processing. The image
processing produced larger and clearer images,
making it easier to observe lumbar radiculopathy. This
method serves as a new breakthrough for the health
providers in the management of lumbar radiculopathy
patients.

Keywords - Enlarge, Enhancement, Lumbar
Radiculopathy, Magnetic Resonance Imaging (MRI),
Vertebral Column.

1. Introduction

Radiculopathy refers to pain, numbness, or
paresthesia due to nerve root compression in
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vertebral column. It is generally described as
pinching of spinal nerve root by herniated
intervertebral disc. The nerve root controlled a lot
somatic ~ muscles; hence the compression will
produce painful sensation in the muscles. Even a
light external touch can exacerbate painful sensation
[1]. Low back pain still constitutes a major medical
problem, as the neural [2].

The common symptoms in radiculopathy are
painful sensation in the neck, back, arms, or legs.
Pain sensation may be increased by coughing,
sneezing, or even just a slight change of body
position [3]. The disease may weaken limb and
pelvic muscles, influencing the walking gait of the
patient [4].

To obtain better understanding of radiculopathy
disorder, the patient should undergo medical imaging
examination [5], [6], [7]. The most appropriate
imaging examination in this condition is magnetic
resonance imaging, albeit its relatively high cost [8].
MR images show clearly nerve roots in vertebral
column, so we can observe any pinching nerve root
[9]. MR images may also expose other radiological
disorders i.e. degenerative changes, arthritis, as well
as other signs of radiculopathy. The regions of
vertebral column in a MR image are showed below
(Figure 1).
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Figure 1. Regions of vertebral column in a MR image
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Based upon the segmental regions of the vertebral
column, spinal nerve radiculopathies are divided into
cervical (upper region), thoracic (middle region), and
lumbar (lower region) ones. Among the three types
of radiculopathies, most of the patients suffered from
disorder in the lumbar part [10]. This is due to the
greater impact of body weight in the lower region of
vertebral column. This type of disorder is called
lumbar radiculopathy. The disorder can get worsen if
it is not treated immediately. In the chronic phase, it
may result in numbness in the legs [11]. Patients with
lumbar radiculopathy in the disorder of an absolute
indication should pass through surgery [12].

Some MR imaging studies to diagnose lumbar
radiculopathy such as Nguyen et al (2016) used
upright imaging to accentuate disc pathology to
obtain better diagnosis [13]. Harrell (2017) wrote that
MR imaging was appropriate whether in acute,
subacute, or chronic lumbar radiculopathy [14].
Marrison and Karantanas (2017) claimed that MR
image can show soft tissue infection in the lumbar
region [15].

Punarselvam and Suresh (2018) performed MR
image processing to investigate human lumbar spine
using finite element method (FEM) and soft
computing techniques. Their method implemented
filter techniques (Wiener filter, bilateral filter, and
median filter) and edge detection algorithm (Canny,
Sobel, Prewitt, and Roberts). Canny algorithm
resulted in better images than other algorithms [16].
Al Kafri et al (2017) conducted a study to determine
location of lumbar spinal disc in MR images based
upon Pixels Coordinate and Gray Level Features.
Highest weighting were obtained in using Weighted
K-Nearest Neigbor (KNN) and Fine Gaussian
Support Vector Machine (SVM) techniques [17].

The most difficult element in elaborating clinical
information from MR imaging is to determine the
magnitude of nerve root compression [18], although
MR imaging can show the location of pinching nerve
root [19]. Hence, the result of MR imaging does not
render great contribution in the treatment of nerve
root radiculopathy [20]. As MR imaging does not
render qualified evidence in diagnosing nerve root
compression, medical doctors rely more on patient
medical record in determination of clinical decision
[21]. The MR image processing in this study aims at
obtaining better elements in radiculopathy images to
facilitate easier diagnosis.

2. Material and Method

Dataset to be analyzed are secondary ones , namely
MR Image. MR images constitute one type of
medical images. To facilitate the analysis later, the
images should undergo medical image processing.
Medical image processing aims to facilitate the user
in conceiving the disease, which in turn aids in its
medical care and treatment. MR imaging in patients
suspected of lumbar radiculopathy is indispensable
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for radiologists. Medical image processing facilitate
the users to observe objects suspected of causing
lumbar radiculopathy, hence the putative causes of
lumbar radiculopathy can be well evaluated. The
medical image processed in this study was recorded
using General Electric brand Brivo MR355 type MRI
equipment. The recording technique used a T2-
weighted sagittal relaxation phase, producing 40
images of 40 Lumbar Radiculopathy patients. Each
patient has a complaint of back and/or leg pain.

Each image is stored using the Joint Photographic
Experts Group (jpg) format with truecolor color
structure. Furthermore, the image is processed using
Matlab R2017a software using image processing
methods. The main image processing method to be
used is Enlarge and Enhancement with the process
steps is showed in Figure 2.

___________________________________________

:' Enhancement
[ Negative H MySHARPEN
1
1
A\,

Histogram

equalization

Result Image

Figure 2. Stages of processing

2.1. Pre-processing

Image pre-processing is the stage of image
preparation that should be dealt first before being
analyzed. The goal of this image pre-processing
should be precisely determined beforehand so that
there should be no errors in the next process. Pre-
processing in this study is the cropping process.

Cropping is performed to get Area of Interest that
is free from unnecessary areas. The cropping
technique to be performed is manual method [22],
i.e. to set the initial corner point and the required
area. The whole required area has to be within the
input image. The cropping area here will still contain
unnecessary regions. Cropping algorithm is showed
in Figure 3.

Algorithm of crop
Input: MRI, IP0s, CPOs, ILength, CLengih
output: ovRI

Initialization x, y

x=0

for 1 = TpPos :
X+
y=0
for ¢ = cPos :

{;rtr=1:3

OMRI(x, y, t) = TMRI(], ¢, t))
end for
end for
end for

Tpos + xLength

CPos + cLength

Figure 3. Cropping Algorithm
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Where:

¢ iMRI :input MR image

* OMRI : output cropping image

» IPos :initial pixel row of cropping area

» cPos :initial pixel column of cropping area

* iLength: length of pixel row in cropping area
+ cLength: length of pixel column in cropping area
X : pixel row of output cropping image

oy : pixel column of output cropping image
o | : pixel row of input image

e C : pixel column of input image

ot : color value

2.2. Enlarge

The next process is to enlarge the physical size of
the image. The larger the size of the image, the larger
the objects contained within the image. With the new
magnitude of this object, it will be easier to observe
the putative objects that may cause the disease.

The technique to be used is Line-Column
Interpolation (LCI) [23]. In the technique we add
pixels between adjacent pixels rows and columns.
The value of the new pixel is obtained from the
average of two adjacent pixel values. The equation
used in enlarging process is shown in the following
equation:

zMRI = 2.0MRI — 1 (1)
ZMRIq,cey = OMRI41-1c4c-1,0 2)
ZMRI(l,c,t) _ ZMRI(l_I'C't):ZMRI(1+1,C,t) (3)

ZMRI(c—1,0+ZMRI(c41,0)
2

4

The equation (1) to (4) serves to enlarge the image.
Equation (1) is a function to add pixels as much as
twice the number of pixels in the original image
minus 1. In this process we add the rows by 2 times
minus 1 and add the columns by 2 times minus 1.
Mapping of the pixel values of the input image into
the pixel values of the enlarged image is showed in
equation (2). To fill the empty values of the new
pixels, we use the equation (3) for the row position
and equation (4) for the column position.

ZMRI(l,C,t) =

2.3. Enhancement

Enhancement is an important feature in most
image processing methods that are incorporated
within a lot of image processing applications [24].
This process aims at improving image quality by
clarifying objects contained in the image. In this
process we add or subtract pixel values of certain
objects, so that every object can be distinguished
significantly. Three techniques wused in this
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enhancement process consist of negative, mysharpen
and histogram equalization.

Negative is the process of reversing the pixel value
of its highest value, namely 255. The purpose of this
process is to give a pixel value opposite of the pixel
value of the original image, so that dark objects will
become brighter. The equation used can be seen in
equation (5) below.

mMRI(l_C't) = 255 - ZMRI(l,C,t) (5)

Where:
* mMRI : mirror output image

MySHARPEN is the process of maximizing the
value of a high pixel group or minimizing the pixel
value of a low group. Pixel grouping is based on the
image multithreshold values. The purpose of this
process is to provide a striking difference (widen the
distance) of the group of pixels with the lowest or
highest value with the value of the middle group.
This process was to support other processes in
forming edge detection. Because it is difficult to
design an algorithm, which could detect correct
edges [25], [26]. This process forms the boundaries
of the object clearly (edge enhancement). The
equation used can be seen in equation (6).

MMRI(y1)/2, MMRIep < Ty
PMRIq e = { MMRI ey, Ty < MMRIgey < Toy

mMRI(l‘C’t). 2, mMRI(l’C_t) > Tn

Where: (6)
= pMRI : MySHARPEN output image
= T : multithreshold

Histogram equalization is the process of improving
image quality equalizing the color histogram of each
pixel. Each pixel value has similar number of
occurrences in an image. The results of this process
further clarify objects in the image, because they
remove objects that are too dark and objects that are
too bright. The equation used can be seen in equation
(7) below.

kemRi( ¢y T

eMRI(l'C’t) = C (7)
Where:
= eMRI : output image of histogram equalization

= K : cumulative histogram

3. Result and Discussion
MRI images of the spine can reveal radix
degenerative  changes caused by  Lumbar

Radiculopathy. This imaging is needed by the
doctors in establishing diagnostics. Diagnostic results
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are needed in making decision, whether the patient
should be treated conservatively using physiotherapy,
rehabilitation, and pain medication or be advised to
undergo surgery.

Irritation to a certain radix may result to its
inability to withstand pressure from the intervertebral
disc, led to the protrusion of intervertebral disc into
radix area. This is called as lumbar radiculopathy that
can be observed in MR images. The image is showed
in Figure 4.

[ntervertebral
disc

Figure 4. Intervertebral disc protrusion into radix area

The images processed in this study were MR
images of patients suspected of having Iumbar

‘ (c)

radiculopathy, and they are based on the reference of
a neurologist. We got 40 images, acquired by
General Electric Brivo MR355 equipment in T2-
weighted sagittal relaxation phase, stored in Joint
Photographic Experts Group (JPG) format with true
color type. In this article, only 2 images are shown.
One image has relatively large pixel values while the
other has small ones, with a relatively dark and a
relatively bright image of the spinal structure. To
find out the level of blackness, the image is
converted to the gray level type. Images that have a
relatively dark image of the spinal structure have
pixel values closer to O more than that of the
relatively bright one. Figure 5 (a) shows an input
image with a dark structural picture with the
composition of the pixel values showed in Figure 5
(b). Figure 5 (c) shows an input image with a bright
spine structure picture with the pixel values
configuration showed in Figure 5 (d).

(d)

Figure 5. Darker and brighter input image
(a) Input image-1 (darker), (b) Pixel values composition of input image-1,
(c) Input image-2 (brighter), (d) Pixel values composition of input image-2

The input images showed in Figure 5 (a) and
Figure 5 (c) were processed according to the
processing sequence showed in Figure 2. The
programming language used in this image processing
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was R2017, a version of Matlab. The image
generated from each processing is stored in memory,
whereas the display can be seen in Figure 6.
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Figure 6. Image processing (a) Input image-1, (b) Enlarged image-1, (c) Negative of image-1,
(d) MySharpen of image-1, (e) Histogram equalization of image-1,
(f) Input image-2, (g) Enlarged image-2, (h) Negative of image-2, (i) MySharpen of image-2,
(j) Histogram equalization of image-1

The input images in Figure 5 (a) and Figure 5 (¢)
still contain many areas unnecessary for lumbar
radiculopathy diagnosis. Hence, these images were
cropped to remove unnecessary areas for the
diagnosis. The cropping results are showed in Figure
6 (a) and Figure 6 (f).

In the cropped images, there are 5 lumbar
segments (L) of the vertebral column, namely L1 -
L5, and 6 intervertebral lumbar discs (LD), namely
LD1 - LD6. Numbering L1 to L5, and LD1 to LD6
starts from above. Each of the six intervertebral discs
is attached directly to the adjacent lumbar segments
of wvertebral column, which characterizes lumbar
radiculopathy. LD1 is attached to L1, LD2 is
attached to L1 and L2, LD3 is attached to L2 and L3,
LD4 attached to L3 and L4, LD5 is attached to L4
and L5, and LD6 is attached to L5. The structure of
Lumbar numbering and cropped Disc of Figure 6 (a)
is showed in Figure 7. The numbering will be used
further in the explaining the diagnosis.
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Figure 7. The structure of lumbar and intervertebral disc
numbering

The cropped images were then enlarged with
enlarging process, so the objects contained in the
images are also enlarged. Enlargement of these
objects will facilitate the diagnosis, enabling the user
to observe the changes in the shape and structure of
the disc more clearly. The changes in shape and
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structure of the disc are caused by Ilumbar
radiculopathy. The enlarged images are showed in
Figure 5 (b) and Figure 5 (g).

The enlarged images were processed further to
enhance or improve their qualities. The quality of
improvement process changes the pixel values of
each object in the image, so each object can be easily
observed. The main object of the Iumbar
radiculopathy is the intervertebral disc, which is
simply called a disc in this article. The disc consists
of the soft nucleus pulposus (NP) which is
surrounded by a strong annulus fibrosus (AF).

To further facilitate the observation, the pixel
values in the image are negated. The goal is to give a
greater difference between pixels. Because AF is a
hard structure, its pixels on MR imaging has a black
color (pixel values close to 0). Likewise with the soft
structures such as NP or Radix, their pixels have
white color (close to 255). The negative process will
reverse these values into the opposite ones, so the
difference among the objects will be more
pronounced. The results of this change are showed in
Figure 6 (c) and Figure 6 (h).

For the structures that are not too hard neither too
soft, MySHARPEN process is then carried out. This
process will maximize the pixel values that are nearly
255 to be 255, and the pixel value nearly 0 to be 0.
So the difference between each object will be more
clearly observed. The results of these processes are
showed in Figure 6 (d) and Figure 6 (i).

Non-AF and NP objects have pixel values ranging
from those of AF to NP. The spread of pixel values
of these objects is closer to the middle average
values. Further on, when clarifying the object,
histogram equalization process is carried out, so the
colors of these objects are similar to the initial MRI
results. In the final results of this enhancement
process we can observed significant color differences
with respect to AF, NP and other objects. These final
images are showed in Figure 6 (e) and Figure 6 (j).
Then lumbar radiculopathy can be observed easily
based on the characteristics of NP objects that
penetrate the AF area on the radix side. The
penetrated AF area led to lumbar radiculopathy, as
shown in LD6 at Figure 6 (e) and in LD 5 at Figure 6
-

4. Conclusions and Future Work

Based on our last image in this study, we conclude
that enlarge and enhancement process is very helpful
in observing lumbar radiculopathy features in the
MR images. By facilitating the observations of these
features, we hope that it will also be helpful for
medical doctors in the future to treat and manage
lumbar radiculopathy patients clinically.
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