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1. Introduction

Osteoarthritis (OA) is a disease associated with the 
knee. OA is a condition where there is thinning, or loss 
of cartilage lines between the tibia and femur. The shift 
between two bones will cause the patient to experi-
ence pain, discomfort in the area of friction, limited or 
diffi cult movement. This situation not only applies to 
athletes or active individuals, normally it can happen 
to anyone, regardless of gender, age or background. 
To monitor and diagnose the state of OA patients, the 
structure of the knee image needs to be viewed and 
processed for further action. There are various imag-
ing methods used in the world today including X-Ray, 

CT Scan, ultra-sound and MRI to help doctors to ana-
lyse and diagnose various diseases [1, 2]. Results of re-
search conducted on a frequent and convenient meth-
od used for visualising the knee cartilage have shown 
that MRI is the most appropriate method in visualising 
the cartilage area [3]. Among the four imaging meth-
ods stated that are commonly used in medical, MRI is 
more suitable in visualising the knee structure. MRI 
has an abundance of advantages in OA imaging, high 
resolution in order to differentiate soft tissue, bone and 
even liquids with greater clarity [4, 5]. Imaging via 
MRI has minimal side effects compared to other imag-
ing methods, therefore it is suitable to detect and mon-
itor the progress of patients from time to time [6, 5]. 
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used, the images feature obtained so it can be suitable to process knee image and then selection of an appropriate technique to be 
applied to the selected images as input.
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The issue of patient safety is of priority and important, 
which needs to be considered.

Segmentation is an important method in medical 
images processing, particularly as it allows images to 
be analysed [1, 7]. Determination of image segmen-
tation techniques depends on the problem that needs 
to be resolved [8–10]. This is due to every part of the 
human body that has a density of muscle and differ-
ent fl uids. Various segmentation techniques have been 
developed by researchers to get the volume of knee 
cartilage. The knee cartilage segmentation method is 
divided into two types: edges-based and region-based. 
For this study, the region-based method is adopted as 
it is more suitable for gaining volume. Measurement 
of knee cartilage used to determine a person’s level of 
OA is often done through the thickness, volume, cur-
vature and surface area.

Segmentation is the process of distribution to 
particular parts of the image that are both similar in 
terms of intensity, texture and colour [1, 2] depending 
on the problem to be solved. In this research, segmen-
tation of the region aimed at getting knee cartilage 
were analysed. The volume of segmentation results 
obtained will be used to determine a person’s level 
of OA and further follow-up treatment can be carried 
out to help patients with OA. However, the segmen-
tation of the knee cartilage is a diffi cult task due to 
the very thin cartilage structure, especially cartilage 
in patients with severe OA. Various image process-
ing techniques have been developed by researchers 
to perform segmentation of cartilage and the results 
are still unsatisfactory [11]. Most of the results were 
only on performing segmentation of the normal knee 
cartilage.

2. Problem statement

Segmentation in knee cartilage images were very 
challenging due to the thin structure of the knee car-
tilage and also the intensity of the tissue surrounding 
the knee cartilage that makes it very diffi cult to iden-
tify and segment. In helping to simplify this segmen-
tation process, there is some factor need to identify 
and concern before the segmentation can be imple-
mented. Most of the problems faced by the research-
ers were during segmentation used as a guideline to 
fi nd the factor need to be considered during pre-seg-
mentation. First, the failure in choosing the right imag-
ing method is the main cause for image processing to 
be diffi cult. Second is inaccurate image features selec-
tion that makes the image less clear or contain noise. 
And the last factor identifi ed as a contributor to failure 
in segmenting properly the knee images is inaccuracy 
in choosing the method and technique processing to 
segment the image due to failure in choosing the right 
imaging method and image features.

3. Methodology

Based on the problem encountered and identifi ed, we 
will discuss the solution which is not only focused on 
segmentation, but it starts with the right imaging meth-
od with the right features selection to visualise the knee 
image so that the segmentation process is easier.

3.1. Selection of imaging method

Therefore, the study needs to be done to enable the 
segmentation to be carried out at all OA stage in or-
der to help and provide expertise in analysis and fur-
ther treatment. Before performing image segmentation 
of the knee cartilage, an appropriate imaging method 
should also be taken into account. Inappropriate im-
aging method will cause a segmentation process to 
be diffi cult and affect the results of the segmentation. 
Based on previous studies, many researchers chose 
MRI as an imaging method for segmenting the knee 
cartilage due to its advantages compared to other im-
aging methods such as X-ray and CT scan. Changes 
to the knee cartilage and other soft tissues surround-
ing the knee cannot be seen by normal radiographs [3]. 
According to [2, 5, 12], MRI is widely used to visual-
ise the image of the knee because with this method, the 
patient is at less risk exposing to harmful radiation and 
it can clearly visualise the soft tissue due to high reso-
lution image. This is because the issue of patient safety 
is the main thing that should be emphasised especial-
ly involving repetitive analysis. For patients with OA, 
monitoring should be carried out from time to time de-
pending on the patient’s condition. Therefore, MRI is 
suitable to analyse and monitor the condition of pa-
tients with OA. Figure 1 shows the most suitable knee 
cartilage image which uses 3D DESS MRI with fat 
suppression in sagittal view with T2 weighted to be 
used to test the improvement technique developed.

Fig. 1. MRI sagittal knee image with T2-weighted
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3.2. COMSeg technique

According to Fig. 2, the process consists of two parts, 
namely, pre-segmentation and segmentation. Before 
the pre-segmentation is performed, the image of the 
knee will be read fi rst. Then pre-segmentation process 
will be implemented. Pre-segmentation is an impor-
tant process to ensure that segmentation process can 
be performed well [13]. The process of pre-segmen-
tation of the image depends on the characteristics of 
the images obtained as mentioned before. If the imag-
es do not contain noise or contain less noise and the 

intensity of the pixels is clear, then the pre-segmenta-
tion becomes easier, and on the other hand, if the im-
ages contain noise and intensity of image pixels is less 
clear, then presegmentation is more diffi cult. The pur-
pose of this research is to improve an image process-
ing technique to perform segmentation of MR knee 
cartilage images, that consists of normal, intermedi-
ate and severe OA. The improvement technique de-
veloped is known as COMSeg technique. COMSeg 
stands for Contrast adjustment (CO), pixel Measure-
ment (M) using the lower and upper threshold and seg-
mentation (Seg). Figure 2 shows the process involved 

Fig. 2. Algorithm of COMSeg technique
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in this technique. Even these algorithms used in these 
techniques were an improvement from existing meth-
od, but it is generated to suit the features of the im-
age itself.

3.3. Region of Interest selection (ROI)

ROI selection is intended to shrink the region to the 
parts to be processed only. This allows the process-
ing time of the image to be shortened and saves time 
because it fo-cuses on a specifi c region that needs to 
be processed. Figure 3 shows ROI selected in the red 
square area.

3.4. Image contrast adjustment

The next step is the contrast adjustment for regions that 
have been selected. Contrast adjustment is intended to 
increase the range of pixel intensity for the knee carti-
lage structure of the region. This is to distinguish the 
knee cartilage from other regions that are not needed, 
such as bone, muscle, ligaments and fl uids. Accord-
ing to our investigation, the knee cartilage has a high-
er pixel intensity (brighter) than other surrounding tis-
sues. Then, through the contrast adjustment with the 
specifi c value, knee cartilage can be seen more clearly 
while pixel intensity for structures other than knee car-
tilage is reduced. So from the adjustment of contrast, 
the light area will grow lighter and dark area will be 
getting darker. These processes really help to improve 
the quality of the image to be better compared to the 
image without contrast adjustment. However, there 
are still other structures near the knee cartilage, which 
have a pixel intensity brighter than the knee cartilage, 
which is not discussed by the majority of the research-
ers. The structure is known as the synovial fl uid. Syn-
ovial fl uid is located around the knee of the knee car-
tilage to protect it. The presence of this synovial fl uid 
should be taken into account as it affects the segmen-
tation result. By adjusting the contrast, other objects 
can be separated from the cartilage, but it cannot be 
separated from these synovial fl uids because through 
contrast, as mentioned before, it makes the light area 
become lighter. So the intensity of the synovial fl uid 
becomes lighter than the cartilage. Therefore, another 
process is required to separate the knee cartilage and 
other objects, especially this synovial fl uid. The next 
process is how to separate the cartilage from this syno-
vial fl uid and balance the other remaining objects. The 

Fig. 3. Red square shows the ROI selected

Fig. 4. a) Original image before contrast; b) Image after contrast adjustment
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difference between the original image and the adjust-
ed image contrast is shown in Fig. 4.

3.5. Determination of Lower and Upper Threshold

The separation between synovial fl uid, knee carti-
lage and other remaining objects is done by setting 
the lower and upper threshold. These values are fi xed 
and suitable only for cartilage intensity and done un-
der expert monitoring to make sure only the cartilage 
is segmented. The lower and upper value implement-
ed during segmentation is using region growing meth-
od. When applying the region growing, knee cartilage 
will be segmented within the upper and lower thresh-
old range value. Table 1 indicate the lower and upper 
threshold value use for the images selected in this re-
search. This value is tested to all OA levels under ex-
pert monitoring.

Region growing technique will read the value 
range and compare to image pixel. This process is re-
peated until no more pixels in that range value need to 
be processed.

3.6. Seed point mark on the image slices

After setting the lower and upper threshold value, the 
next process is to place the seed point into knee carti-
lage area as a sign to start growing region. Seed point 
mark is compulsory for region growing method. This 

seed point should be located in several places on the 
image slices to increase processing speed as it occurs 
from various directions and thus can save time to pro-
cess the image. In addition, it is also to avoid region-
al cuts and are not processed especially for the severe 
OAs. The disconnected region is intended to occur 
primarily on the patient’s knee cartilage with severe 
OA. Knee cartilage with severe OA are increasing-
ly diffi cult to segment not only due to the structure of 
the region being thin but there are also missing carti-
lage areas. So, to prevent this occuring, it is important 
to put on a few seed points. Seed point marking is not 
necessarily similar between one patient and another 
because of the structure of the knee, size and condi-
tion of knee cartilage that differ from one individu-
al to another.

3.7. Cartilage segmentation

After placing the seed point, the next process was a 
very important process in image processing, called 
segmentation before the image can be analysed. The 
segmentation process will use a region growing meth-
od to get the region of the knee cartilage. This seg-
mentation process will occur simultaneously for all 
the seed points specifi ed earlier. During the execution 
of region growing, as mentioned before we will use 
the lower and upper threshold value to be applied to 
the seed point. This process will be repeated until there 

Table 1. Lower and upper threshold value for cartilage

Other object Cartilage Synovial fl uid

Lower threshold <165 165
Upper threshold 300 >300

Fig. 5. a) seed point mark, b) segmentation result for the normal OA
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are no more pixels within the range of the lower and 
upper threshold to be processed.

4. Result

Figures 5, 6 and 7 show that the process starts with 
a) seed point mark and results of segmentation. Fig-
ure 5 for normal OA, Fig. 6 for intermediate OA and 
Fig. 7 for severe OA. Image a) shows the seed point 
mark and image b) shows the result of the segmenta-
tion. The results obtained from image after segmen-
tation indicate that these COMSeg techniques can be 
used and applied to the MR image of normal and inter-
mediate OA precisely. While for the severe OA, the re-

sult visualises that this COMSeg technique can also be 
used for severe OA but sometimes still problem occur.

At the same time, Figs 8, 9 and 10, respective-
ly, show the visualisation of the segmentation result in 
3D. Figure 8 presents the result for normal OA, Fig. 9 
for intermediate OA and Fig. 10 for severe OA. From 
the three visualisations we can see a signifi cant change 
between normal, intermediate and severe OA.

These techniques apply to 90 data of OA patients 
which consist of 30 normal OA, 30 intermediate OA 
and 30 severe OA. Out of the 3 categories of OA lev-
el, only data from severe OA have some problem dur-
ing segmentation for certain image.  Table 2 shows 
the average volume for males and Table 3 shows 

Fig. 6. a) seed point mark, b) segmentation result for the intermediate OA

Fig. 7. a) seed point mark, b) segmentation result for the severe OA
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OA had less knee cartilage thickness in comparison to 
normal OA knee. There is signifi cantly different vol-
ume between these three categories of OA. The differ-
ence is quite signifi cant for male cartilage volume for 
all categories compared to women. This is because of 
the thinner structure of the female cartilage.

5. Discussion

COMSeg technique is a rather simple technique de-
veloped to help experts to segment the knee cartilage. 
Results of the segmentation from the knee cartilage 
are intended to get the volume that can be used to ana-
lyse the OA levels for follow up treatments. However, 
there is little diffi culty in segmenting severe OA level 
due to the cartilage structure being diffi cult to identify. 
However, this technique has been applied to an image 

the average volume for females for all three catego-
ries of OA level. This value can be used to determine 
the category of OA. For males, the average cartilage 
volume for normal OA ranges from ±11,000 mm³ 
to ±15,000 mm³, intermediate knee ranges from 
±8,000 mm³ to ±11,000 mm³ cm and severe OA rang-
es from ±5,000 mm³ to ±8,000 mm³ cm, whereas for 
females, mean cartilage volume for normal OA ranges 
from ±8,000 mm³ to ±11,000 mm³, intermediate knee 
ranges from ±6,000 mm³ to ±8,000 mm³ cm and se-
vere OA ranges from ±3,000 mm³ to ±6,000 mm³ cm.

This comparison shows in a graph in Fig. 8 to 
visualise the comparison easily. From the graph, this 
proved that patients with intermediate OA and severe 

Fig. 8. Visualisation of normal OA knee cartilage Fig. 9. Visualisation of intermediate OA knee cartilage

Fig. 10. Visualisation of severe OA knee cartilage

Table 2. Volume range for male cartilage

Minimum value
(mm³)

Maximum value
(mm³)

OA value

±11,000 ±15,000 Normal
±8,000 ±11,000 Intermediate
±5,000 ±8,000 Severe

Table 3. Volume range female cartilage

Minimum value
(mm³)

Maximum value
(mm³)

OA value

±8,000 ±11,000 Normal
±6,000 ±8,000 Intermediate
±3,000 ±6,000 Severe
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nique are already available, still, in this research, the 
techniques have been adapted to suit the needs of con-
sumers (medical expert). We not only focus on seg-
menting technique, which is the main part of medi-
cal image processing, but also emphasise other issues 
such as an appropriate imaging method and features 
in visualising the cartilage image to be processed and 
pre-segmentation method. Mostly the researcher only 
uses the data given to test the technique developed 
without emphasising the issue stated.
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