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ABSTRACT – The advance of Rapid Prototyping 

technology especially Fused Deposition Modeling 

(FDM) has significantly improved the process of 

preparing a biomodel using Computer-Aided Design 

(CAD) and data from medical imaging. There are many 

factors are implicated in the accuracy of the 3D 

model. However, fabricated for hip and pelvis 

orthopedics surgical model has relatively inferior 

surface quality, majorly suffer from rough, uneven and 

coarse surface texture which effects the dimensional 

accuracy even for basic part geometries. In the present 

paper, poor surface texture is mainly influenced by 

tessellation of the original CAD model and image 

segmentation from CT scan data during the 

manufacturing process. Surface analyze was carried 

out by using Scanning Electron microscope (SEM). 

Coordinate Measuring Machine (CMM) was used to 

measure the dimensional accuracy of 3D model and 3D 

virtual model was measured by using Invesalius 3.0 

software. However, the results have shown that theFDM 

3D model is considered acceptable for hip and pelvis 

orthopedics surgical. 

 

1. INTRODUCTION 

Since this RP technology is still new in Malaysia 

and its application is still not widening in various 

sectors, hence this research will provide better view of 

the RP technology and process especially in medical 

sector which are related to the surgery procedure. 

Therefore, this study will focus on the steps of 

processing the 3D biomodel by using the rapid 

prototyping technology based on the CT scan data 

starting with conversion of 2D image of CT scan to 3D 

model by using specified software. The RP technique 

used in this research is Fused Deposition Modeling 

(FDM), since this technique is simple which involve 

with no loss of material and no requirements need to the 

environment of the machine.  

The statistic of general road accident data in 

Malaysia a total of 521,466 accidents were recorded in 

2016, an increase from 489,606 in 2015 [1]. Effects of 

these road accidents, more than thousand people die 

each year, and some of them may suffer with serious 

injuries such as broken legs, dislocation of ball joint of 

femur, bone fractured and many more. As a result, 

surgery must be done in order to repair a defect of the 

fractured bone. However, the plan on surgery must be 

done accordingly before any operation on the fractured 

bone is performed [2-4]. The 3D biomodel replica of 

this part will be needed by surgeon in order to analyze 

the fracture occur on the bone. Therefore, this research 

study focused on the CT scan data of road accident 

victim. This data is evaluated and analyzed in order to 

identify the proper solution on the fracture bone. 

 

2. FUSED DEPOSITION MODELING (FDM) 

Nowadays, Fused Deposition Modeling Rapid 

Prototyping (RP) technology has become popular and 

widely used not only in manufacturing industries but it 

has been extensively used in medical applications, for 

instance its ability to produce physical model of 

anatomic structure which has given numerous benefits 

to the surgeon in the process of diagnosis, surgery 

planning and to manufacture the custom implants [2-5]. 

 

3. METHODOLOGY 

Figure 1 shows the general procedure that has been 

conducted for creating the model of hip and pelvis part 

taken from CT scan data. Coordinate Measuring 

Machine (CMM) is a 3D device used for measuring the 

physical geometrical of biomodel replica of hip and 

pelvis part. The dimension is measured by touching the 

mechanical probe at the point of interest. 

 

 
Figure 1 procedure for creating medical models. 

 

4. RESULTS AND ANALYSIS 

Figure 2 shows Scanning Electron microscope 

(SEM) was used to examine the microstructure from 

surface view image of 3D model. It is found that there 

many voids air gap that occurs on the structure.  
As shown in Figures 3 and 4 the dimension value 

of both 3D replica and virtual model is measured and 



Yusoff et al., 2018 

381 

 

the value is recorded for each part. 3D replica model is 

measured by using Coordinated Measuring Machine 

(CMM), whereas for 3D virtual model, the dimension of 

each part is calculated through measure distance 

function in Invesalius 3.0 software. Table 1 shows the 

evaluation on the percentage errors generated during 

fabrication process of hip and pelvis part is carried 

out.A comparison between linear measurements of eight 

landmarks on the virtual model of bone and its replica is 

conducted. The virtual model is measured by using 

Invesalius 3.0 software, whereas the replica model is 

measured by using CMM. Based on the Table 1 above, 

the data show that the range of the percentage error 

between Invesalius3.0 software and CMM is between 

1%-8.88%. Supposedly, CMM can give more accurate 

value. The main reason is Invesalius 3.0 software is 

normally used for visualization purpose and it is not 

suitable for segmentation the image. As a result, poor 

and rough image segmentation from CT scan data; it 

cannot be cleaned and smooth before converting into 3D 

image which cause rough surface texture. Secondly, 

FDM fabricates part layer by layer which causes the 

effects of stair steps on surface texture as show in 

Figure 2.!!

 

 
Figure 2 Microstructure from surface view 

 

 
Figure 3 Measured value using Invesalius 3.0. 

 

Figure 4 Measured value using CMM. 

 

Table 1 The percenatge error. 

 
 

Thirdly, the nature of anatomic structure of hip and 

pelvis shapes caused it is difficult to measure the actual 

point on desired area, particularly during setting the 

reference axis. The recommendation for developing this 

research in the future is to use MIMICs software for 

image segmentation, thus the surface of CT scan image 

can be cleaned, and the prototype can be produced with 

good quality surface finish. It is suggested touse 

different techniques, then compare the results in terms 

of accuracy, material, cost, and build time can be 

evaluated to distinguish which RP techniques is most 

suitable for producing prototype. 

 
5. CONCLUSION 

Using Rapid Prototyping technology, the 

fabrication process of the biomodel is much 

convenience and its brings much benefit in terms of 

time, cost and material usage. Furthermore, with the 

used of rapid prototyping it enables surgeon to carry out 

preoperative planning and at the same time provide 

selection for corrective design implant. 
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