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In this paper, we propose an efficient image quality enhancement strategy for automatic ganglion cysts

extraction from ultrasound images. With such improved intensity contrast, it becomes easier to

differentiate the cyst from the surrounding mass. In order to achieve our goal, we propose a fuzzy

binarization method with trapezoid type membership function that has dynamic adjustment of critical

section in binarization. In experiment with real world cyst cases, the proposed method successfully

extracted ganglion cysts in 42 out of 45 cases (93.3%) accurately which is far better than Average

binarization method and static fuzzy binarization with triangle membership function. Fuzzy stretching

component also contributes to this performance enhancement in that it gives far better result than usual

normalization in intensity contrast enhancement and cyst extraction performance. With this automatic

ganglion cyst detecting software, medical experts can find cyst area without operator subjectivity in order

to make better diagnosis.
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1. INTRODUCTION

Ganglion cysts are benign soft tissue tumors that are
commonly encountered in the wrist but it may occur in any
joint such as shoulder and elbow. Cyst can change their size
or disappear completely without reason in some cases but it
may reappear at any time (Freire et al., 2012). In many
cases, ganglion is anechoic, posterior enhancement and has
relatively well-defined margin. It is often seen as monotonic,
but it may be accompanied by internal diaphragm or it may
appear to be multilocular (Yoo, 2014).

On examination, wrist ganglions are usually 1—2 cm cystic
structures, feeling much like a firm rubber ball that is well
tethered in place by its attachment to the underlying joint
capsule or tendon sheath (Gude & Morelli., 2008). In the
case of intraosseous ganglion in some bones, the cortical
bone may be thinned or broken due to expansion of the

cystoma, and avascular necrosis may cause carpal bones),
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resulting in continuous pain and development of a
pathological fracture (Yamazaki et al., 2007).

Although it can be easily diagnosed by clinical features or
location, there may be confusion with other masses if it is
accompanied by complications or when it occurs in unusual
site (Kim, 2015). The ganglion adjacent to the radial artery
near the radiocarpal joint may be pulsatile and that may
cause a possible clinical misidentification as a
pseudoaneurysm (Kwon et al., 2001).

There are nonsurgical and surgical option to treat ganglion
treatments of ganglion including

cyst. Nonsurgical

aspiration,  steroid injection  sclerotherapy, and
hyaluronidase were generally ineffective. However, since
they had lower complication rates, they can be used for
symptomatic relief if the patients do not want surgery. Open
surgical excursion had a lower recurrence rate than
conservative treatment. However, it has higher rates of
complication and longer recovery period, and the rate of

symptomatic relief may not be higher than other treatments
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(Suen et al., 2013). Mean recurrence rates across all study
designs were congruent with meta-analysis findings. Open
surgical excision had a mean recurrence of 21%, compared
with a recurrence rate of 59% for aspiration (Head et al,
2015).

Ultrasonography is, in general, an effective imaging
method for evaluating a palpable soft tissue abnormality
with the strength of its ability to differentiate a solid mass
from a cyst and for its non-invasive, inexpensive, real time
responses. In treatment phase, ultrasonography also gives a
guidance for aspiration and injection (Yamazaki et al., 2007;
Wang et al., 2007). Ultrasonography can diagnose ganglion
with similar accuracy to magnetic resonance imaging, and it
is rather advantageous to distinguish it from a small amount
of joint fluid (Kang et al., 2014). However, the common
complaint against using ultrasonography in medical
diagnosis is its well- known operator subjectivity (Gress et
al., 2001). That is, the quality of the diagnosis is dependent
on the qualities of equipment and skills of expertise. Thus,
we need an automatic image segmentation and identification
tool for anatomical landmarks that can eliminate such
subjectivity in the image analysis (Enikov & Anton, 2014).
Automatic segmentation in ultrasound images, though, can
be difficult for numerous reasons such as insufficient
contrast and resolution of image, speckle noise which is
inherent property of ultrasound imaging modality, and more
(Gupta et al., 2014, Kim et al., 2018).

In this paper, we propose a method to extract ganglion cyst
area from ultrasound images automatically by fuzzy
binarization. This automatic segmentation of the target
organ object usually consists of two phases — intensity
contrast enhancement and object formation. In intensity
contrast enhancement phase, one may use standard
normalization process (Gonzalez & Woods, 2002) or fuzzy
stretching with relatively heavier computation (Kim, 2015).
In object forming phase, one may apply pixel clustering
algorithms to differentiate target object from the
surroundings or just apply a series of image processing
algorithms to form a cyst object after binarization process.
Pixel clustering approaches (Park et al., 2017; Suryadibrata
decide the

membership of a pixel to a clustered object based on fuzzy

& Kim, 2017; Suryadibrata et al., 2017)

logic or neural network so that the automatic cyst detecting
algorithm was not necessarily dependent from the shape
assumption. Unfortunately, such efforts have pros and cons.
Pixel clustering was successful in soft tissue tumor

detection(Park et al., 2017) but not for the ganglion cyst to
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meet the practical standard. An approach with Possibilistic
C-Means (PCM) looked like strong against speckle noise but
had a tendency to underestimate the cyst region especially
when candidate objects are overlapped (Suryadibrata & Kim,
2017). Fuzzy C-Means (FCM) based approach in forming
clusters showed better result but it still suffered from object
disconnection problem during learning and our retrospective
analysis concluded that we need better image enhancement
policy to overcome the difficulty of cyst forming during
FCM(Suryadibrata et al., 2017).

Thus, we focus on the intensity enhancement and
binarization process in this paper. We take fuzzy stretching
again but let the process be adaptive to the environment
which was successful in other engineering domain (Kim &
Song., 2017). Then, we apply fuzzy binarization with
trapezoid membership function to differentiate the target
organ from the environment. Object forming process
consists of 8-directional contour tracking and object
labelling instead of computationally expensive pixel

clustering algorithms.

II. MATERIALS AND METHODS

The proposed method consists of fuzzy stretching, fuzzy

binarization, and object forming process.

A. Fuzzy stretching

Image enhancement with fuzzy logic is known to be relatively
noise tolerant (Shin & Jung, 2017). We use dynamically
controlled fuzzy stretching in this paper. The image may not
have enough brightness contrast between the “bright” side
and the “dark” side. We stretch 0’s and 1’s as follows so that
the bright contrast is effectively exaggerated to find the

boundary lines as accurate as possible.
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Let Xm be the average brightness value of the image with M
x N size, the distance from the brightest pixel and the

darkest pixel are defined as equation (2).
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The brightness adjustment value is computes as shown in

equation (3).
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if (X, > 128) adjustment = 255 — X,
else if (X, < Dminp;y

else if (X;, = Dypax) adjustment = Dy .y
adjustment = X,

3

Thus, the maximum, minimum, and the center point of the
brightness which will form the fuzzy membership triangle

are defined as equation (4);

Imax = X + adjustment
Xm — adjustment

I . _Imax'Hmin
min — 2

Imin =

(4

The membership function of each pixel in the region of

interest (ROI) is given as Fig. 1.
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Figure 1. Membership function for stretching

where Imin, Imax be the minimum and maximum brightness
of the given region and Imia be the midpoint of the two.

The cut point (a-cut) in Figure 1 is computed as follows;

if (hpin > 0) a —cut = Ipin/Imax
elsea —cut = 0.5

©)]
The degree of membership of a pixel u(X) is defined as

formula (6).

if Xm < Lpin)or (X = Iimgy) then u(X) = 0
if (X > Lpig) then u(X) = Imax—Xm_

Imax—Imid

(6)
: Xm—Imin
if Xm < Imiq) then u(X) =

Imia—Imin

The upper limit value () and the lower limit value (a) are
defined as the highest and lowest X; among pixels that have
higher membership degree than the cut point (a-cut).

Then the final stretched value of the pixel is computed by

formula (7).

X—-a
B_—ax 255

The effect of fuzzy stretching is shown as Fig. 2.
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(b) After Fuzzy Stretching

(a) Input Image

Figure 2. The effect of fuzzy stretching

B. Fuzzy binarization

After stretching, we need to differentiate pixels of the target
object from surroundings by binarization process. In this
process, we need environment adaptive dynamic threshold
for the robustness. Since binarization process decides if a
pixel’s intensity is 0 or 1, we need more flexible membership
function than usual triangle shape. Trapezoidal membership
function works practically well in engineering problems (Kim
et al., 2014, Woo & Kim, 2016) and there exists a theoretical
ground for its appropriateness (Barua et al., 2014). Also, we
apply dynamic cut-point again to adapt low intensity
contrast images. Thus, the membership function for

binarization looks like Figure 3.
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Figure 3. Membership function for binarization

Let Viax > Vimin be the maximum and minimum intensity
value of the mage. Then, the intensity rate X,, is defined as
equation (8).

Xn = Vinax/Vmin (8
Then a similar process to define the intensity adjustment

rate as given in equation (2) and (3) is given as following

equation (9).
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= |Xmax — Xnl object is found as shown in Fig. 5 which is the candidate of

Dmax
Dpy = 1Xn = Ximin| ganglion cyst.
if (X, > 128) then 6 = 255 — X,
else if(Xn < DDmin) then® =Dy . )
else if(DDmax = Xn) then® =Dp
else 6 =X,

Now, the interval variables of trapezoidal membership

function shown in Fig. 3 are defined as equation (10).

Imax = Xm + 0 (a) Before Tracking (b) After Tracking

Imin = X‘m +6
Iig = W (10) Figure 5. The effect of 8-directional contour tracking

Iminmia = |Xm - an

Imiamax = [Xm + Xn| Then, we apply erosion and dilation operators to refine the

boundaries of the candidate objects. The largest oval-like

And the dynamic threshold controller variable is defined as object in the ROT is the target ganglion cyst as shown in Fig.

following equation (11). 6 after labelling procedure.

8 = {I;mia + Uminmia + Imia max)/2}/255 (11)
a—cut=(+05) Al .,
where A is the fuzzy minimum operator. Ea,“

Thus, the intensity of a pixel becomes o0 if the membership
(a) Before Labeling (b) After Labelling

degree of Fig. 3 is larger than the cut-point. The effect of the

fuzzy binarization is as shown in Fig. 4. Figure 6. Cyst extraction example

III. RESULT AND DISCUSSION

The experiment is implemented using Visual Studio 2013 C#
with Intel® Core™ i5-5200 CPU @ 2.80GHz and 3GB RAM
with 45 wrist ultrasonography images containing ganglion

cysts from Gupo Hospital, Busan, Korea. Two radiologists of

the hospital participated in this experiment and images are

(a) After Stretching (b) After Binarization

obtained by Philips iU22 (2016 edition) using 7-17 MHz high

Figure 4. The effect of fuzzy binarization frequency linear probe. Participated radiologists decide if the
ganglion cyst of the image is successfully extracted.

C. Cyst object formation The performance of the proposed method is compared with

the baseline competitor that uses average binarization with

After binarization, we apply 8-directional contour tracking  Ends-in stretching (usual normalization). The result is
algorithm (Kim et al., 2006) to remove noises and other summarized in Table 1.
outside area of the ganglion. Using masks, the tracking

) ) Table 1. Cyst Extraction Performance Evaluation
algorithm scans the image from up to bottom and left to

right. When a black pixel (intensity 255) is found after Method Success Failure Success rate
applying the tracking mask in the current pixel, the next Proposed 42 3 93.3%
tracking pixel is decided from the right side of the current Baseline 34 11 75.6%
pixel as rotating clockwise. When the tracking is finished, The proposed method uses two components — fuzzy

remove object whose intensity is 0 or too small in size (less  stretching and fuzzy binarization. First, we analyze the

than 1/4 of the ROI in this paper) as noise. Then the target  binarization effect as following.

71



ASM Science Journal, Volume 13, Special Issue 1, 2020 for ICFICE

(b) Average Binarization

P P —

(e) Proposed Dynamic Trapezoidal Fuzzy Binarization

Figure 7. Example of Various Types of Binarization Results

The input image of Fig. 7(a) is a typical example of low
intensity contrasted large cyst. The intensity distribution is
relatively simpler than others. Average binarization method
(Fig. 7(b)) can form a cyst but the boundary lines are not
smooth and partially overlapped with the background on
both sides of the cyst object. The threshold value in this
particular example was 43.

When we apply Max-Min binarization (Fig. 7(c)) in order to
overcome such boundary information loss problem, the
threshold was computed as 127 thus too many pixels are
converted to black pixels and the cyst object became not
recognizable.

The static a-cut (0.5) with usual triangle fuzzy membership
function does not work either (Fig. 7 (d)). The membership
function interval was too narrow ([0, 149] in this example) to
protect boundary lines and cyst object pixels.

The proposed method, however, was successful in adapting
to the environment and showed the least information loss as

shown in Fig. 7 (e) and the membership function interval was
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[0, 193] and the cut point was 0.65 thus it can cover the most
meaningful area of cyst object.

Although it is not theoretically sound why triangle
membership function fails but the trapezoidal function works
in this case, our speculation is that the intensity distribution
is too simple in this image, With adaptive cut-point, the
trapezoidal fuzzy membership function is more scale-
invariant and shift invariant (Barua et al., 2014) thus it has

domain specific advantages over triangle membership

function.
Table 2. Effect of Fuzzy Stretching
Method Success Partially Failure
Success
Proposed 42 1 2
Normalization 37 2 6

The fuzzy stretching component of the proposed method
also contributes to the successful extractions. If we change
our fuzzy stretching with Ends-in stretching (usual
normalization), the successful cyst extraction rate decreases

to 82.2% (37 out of 45 cases) as shown in Table 2.

(b) Normalized Stretching

(c) Fuzzy Stretched

Figure 8. Stretching Comparisons

As shown in Fig. 8, when we use normalization instead of
proposed fuzzy stretching, the intensity contrast was not
sufficiently enhanced and as a result, the case of Fig. 8(b) was
later classified into partially successful extractions in Table 2

while the proposed method was fully successful in extraction.
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(b) Extracted Cyst

(a) Input Image

Figure 9. Failed Extraction Case

Unfortunately, there were a few failed extraction cases as
shown in Fig. 9. In most cases, ganglion cysts have an oval-
like shape. However, in this case, the lower part of the cyst is
unusually  bright thus indistinguishable from its
surroundings. Such case can happen if the ultrasonography
shows solid mass characteristics. In such cases, there may be
hemorrhage inside the ganglion, or have rupture or
thickening of the ganglion cell, or have internal bleeding. The
sonography is not sufficient in distinguishing such a case

from solid tumors in general (Freire et al., 2012).
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