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Abstract The high cost of current implant materials and 

difficult coordinating amongst embed and surrendered 

territory profile in view of surgical experience are the primary 

testing issues bone reconstruction task. This work aims to 

manufacture a real implant to reconstruct defected skull for a 

patient available in USM-hospital made from 

Polypropylene/Ultra High Molecular Weight Polyethylene 

(90/10) composite using Fused Deposition Modeling technology. 

Firstly, the material was analyzed based on biocompatibility to 

human environment. Then, the dimensional accuracy of 

manufactured implant was evaluated based on original design 

dimensions. Besides, cost estimation for manufactured implant 

was done and contrasted and traditional utilized techniques. 

The trial comes about the proof of biocompatibility of 

polypropylene increments with including Ultra High Molecular 

Weight Polyethylene and achieve the top at 30% of Ultra High 

Molecular Weight Polyethylene content. Dimensional 

examination of the item uncovered high comparability to the 

dimensional outline and the distinction was because of material 

shrinkage. Finally, manufacturing costs estimation showed 

significant saving has been gained with using suggested 
material and manufacturing technology. 

Keywords— Bony defected reconstruction, Biomaterials, 

Biocompatibility, CT scan image, DICOM and STL format. 

INTRODUCTION  

Currently, Biomaterials materials have been the 
promising alternative method for autografts in reconstruction 
of defected human bones, based on its weaknesses such as 
limited by size and availability, particularly for defects 
adjacent to graft donor sites [1]. Biocompatibility, light 
weight, electrical and thermal insulator, sufficiently solid for 
recommended application requirement are the key properties 
required for the material possibility to finish the reproduction 
procedure[1]. Titanium is a good example that fit these 
requirements. However, this material is expensive which 
render it inaccessible to everyone.  

Biopolymers; Polypropylene (PP) and Ultra High 
Molecular Weight Polyethylene (UHMWPE) possess very 
high biocompatibility and other superior mechanical 
properties which encourages many researchers to use them 
for orthopedic surgery application [2,3]. However, low 
mechanical properties of these materials as compared with 
bio-metals urges many researchers to enhance the key 
properties towards making them suitable for functional 
application. In a separate study, Reference [3] used Rolling 

setup to produce new structure 
polypropylene/hydroxyapatite- polypropylene (PP/HA-PP) 
sandwich nano-composites. The mechanical tests results 
showed significant improvement in strength, modulus, and 
flexural rigidity of composites. Furthermore, it has been 
found that utilization of the process and increasing PP 
content percentage had significantly increases the composite 
impact of the absorbed energy. While they noticed slight 
decrease in stiffness, flexural rigidity and modulus of 
composites with increase the PP content from 10 vol.% to 20 
vol.% [3]. Reference [5] dealt with to enhance the 
mechanical and tribological properties of the UHMWPE 
because of expansion of various substance of zeolite 
particles. The outcomes showed diminishing  wear volume 
with inclusion of added contents and achieve the top at 20 
wt.% zeolite contents, also increment in the composite effect 
quality was exhibited and lessening in rigidity and elongation 
at break [5]. Reference [6] improved the performance of 
artificial lubricant using polyethylene glycol (PEG) for the 
prevention of wear of ultra-high-molecular-weight 
polyethylene (UHMWPE) in order to extend the life span of 
total knee joint. The study was done based on mixing PEG 
with synovial fluid, where the albumin and PEG molecule 
complex would have bound more strongly to the contact 
surfaces might enhance and stabilize the lubricating film 
between them [6] . For similar application, [7] tested the 
effect of adding small percentages of Phosphite stabilizer 
(Irgafos ) and vitamin E on the oxidative stability of medical 
grade of UHMWPE used in total joint implant bearing 
surfaces. The results indicated no improvement in the blend 
oxidative stability, furthermore they observed significant 
deterioration in blend wear resistance [7].  

Reference [8] investigated the efficiency of PP/PLA 
blend in medical packaging to isolate the hospital and 
medical systems against contamination by environmental 
microorganisms. The study observed that 50:50 ratio is the 
ideal composition for bacterial prevention and barrier 
properties [8]. Reference [9] investigated the effect of adding 
(melt blending) different weight contents of UHMWPE on 
the mechanical properties of Copolymer Polypropylene, the 
resulted composite processed using Fused Deposition 
Modeling (FDM). The study results showed gradual decline 
of the composite tensile and flexural properties with 
increasing UHMWPE content, whereas positive effect of the 
UHMWPE content was noticed on the impact strength. The 
composite impact strength significantly increased with the 
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increase of UHMWPE content and reach the peak at 10 wt.% 
which improved by 57.1% (from 3.5 to 5.5 KJ/m2) compared 
with pure pp, over this percentage it decline and goes lower 
than PP strength [9]. For the same research group in separate 
study, [10] the effect of FDM process parameters has been 
investigated on the impact strength of the PP/UHMWPE 
(90/10) composite using Fractal Factorial Design. The 
experimental results arranged the effect of the investigated 
parameters; layer thickness as first followed by layer 
thickness and number of shells interaction, infill speed and 
number of shells coming in third and fourth orders. The 
optimal setting for investigated parameters raised 
significantly the impact strength of the composite from 5.5 to 
9.26 KJ/m2.   

 The current study focused on investigation of 
PP/UHMWPE (90/10) composite biocompatibility in order 
to be utilized in medical application particularly to 
reconstruct defected skull bone for a patient at University of 
Science Malaysia (USM)-hospital in Penang considered as 
case study. The required implant was designed and processed 
in suitable format (STL) for FDM application by Mimics 
Research version 17.0 and 3Matic software, then 
manufactured using FDM under controlled and optimal 
process parameters setting which was already gained in 
previous work.    

I. EXPERIMENT 

A. Material 

The PP/UHMWPE (90/10) composite was used in 
filament form, which were manufactured according to [9] 
research work specifications which control the filament 
diameter size to 1.7 ±0.05mmand cross section profile 
continuity [10]. The composite mechanical properties is 
already presented in previous work [9]. 

B. Method 

Biocompatibility test 

To validate the biocompatibility of this material for medical 

application (skull reconstruction), MTT (Tetrazolium) assay 

has been conducted. Prior to the biotest, each sample was 

cleaned with ethanol and sterilized with Hank’s Balanced 

Salt Solution (HBSS) to avoid any contamination. In the 96-

microplate, three samples for each blend composition 

ranging from PP/UHMWPE (90/10) to (50/50), pure PP and 

UHMWPE, and control samples (culture medium + HaCaT 
cell) were arranged as presented Figure-1. 

 

 

 

 

 

II. PREPARE YOUR PAPER BEFORE STYLING 

 

 

 

 

 
 

 
Fig.1 “96-microplate” prepared for MTT assay 

Each sample was supplied with both HaCaT cells (cells 
seeded at densities between 5000-10,000 cells per well) and 
100 µL cell culture medium (Dulbecco’s modified Eagle’s 
medium per well), were covered and stored in an incubator at 
37oC for 48-72 hours. Next, the cell growth during the 
recommended incubation time was examined under a 
microscope. In the case of good cell growth, the culture 
media was removed and a fresh dose of culture medium was 
applied by adding 10 µL of 12mM MTT solution. This was 
prepared by adding 1 mL of sterile PBS (phosphate-buffered 
saline) to one 5 mg vial of MTT, and mixed by vortexing or 
sonication until it was dissolved. For all wells, the negative 
control (for negative control 10µL of 12 mM MTT plus 100 
µL of culture medium), 50 µL of 0.01 M solution 
dimethylsulfoxide (DMSO) was included as observed in 
Fig.1. 

Thereafter, the microplate was incubated at 37°C for 4 
hours. The absorbance of the samples including the control 
and negative control samples were subsequently examined 
by spectrophotometry. The resulting absorbance chart was 
used to demonstrate the intensity based on the purple colour 
emanating from the cells Formazan. By comparing the 
absorbance values, the samples with absorbance values 
similar to the control value and far from negative control 
absorbance values were categorised as biomaterials. In 
addition, the greater the absorbance value as indicated by the 
greater purple colour intensity, the greater the chance of the 
cells surviving. 

Data preparation and implant design  

The CT-scan image of the accident patient used as the 
case study, was captured at the University of Science 
Malaysia (USM) Hospital in Penang, Malaysia. The patient 
had suffered a severe accident, damaging a large area of the 
left side of the skull bone. The image was captured using the 
Siemens Somatom Definition AS+ 128-Slice scanner. The 
acquired image of the patient’s skull included all the soft 
and hard tissues such as flesh, bones, and surrounding skin. 
However, the difference in tissue density resulted in 
different features in the image. Fig.2 presents the details of 
the patient head at a certain slice. As observed, the bone and 
other tissues are cleared distinguished in the raw data 
imagery as required for the FDM process. However, the data 
needs to be converted into the required format compatible 
with the FDM duplicating machine. 

 

 

 

 

 

 

 

 

 

 

Fig.2 “CT-can” image (DICOM format) 

The software, Mimics Research version 17.0, was used 
to convert DICOM data into STL format. Next, the 3D 
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model for patient’s damaged skull was created, edited, and 
prepared for capture. Based on prepared defected skull 
model, the design of the implant was subsequently 
performed and saved in stl format to be ready for 
duplicating on FDM machine as shown in fig.3. 

 The MakerBot software (version 3.10.0.1364, 2015) 
was used to generate the operating program for the FDM 
machine. The open source software includes several 
parameters used to control the model building process. All 
process parameters were based on default software setting 
except for the factors selected to enhance the composite 
impact strength in the previous study [9]. The factors 
include layer thickness = 0.3 mm, number of shells = 5, 
extrusion temperature = 200 °C, raster angle = 0°, and infill 
speed = 30 m/sec. Open Source Flashforge Dual Extrusion 
3D Printer equipped with specifications; build envelope 
(225 × 145 × 150 mm), nozzle diameter 0.4 mm was used to 
fabricate the implant. Consequently, the implant was 
fabricated in the estimated time illustrated in Fig.4. On 
completion of the FDM process, the support material is 
removed. Next, the inner and outer surface of the implant is 
cleaned gently. 

 

 

 

 

 

 

 

 

 
 

Fig.3 Edited and smoothed implant design 

 

 

 

 

 

 

 

 

 

Fig.4 Fabrication process for skull implant 
 

III. RESULTS AND DISCUSSION 

A. Biocompatibility test 

The first investigation of the prepared 96-microplate 
after 24 hours clearly revealed good growth of cells in all 
samples as presented in Fig.5 (a&b). From the Figure, the 
cell boundaries are evident as depicted in the widespread 
cell growth which appears over the entire culture medium. 

 

 

 

 

 

 

 

 

 

 

Fig.5 Cell growths in control and test samples; (a) control sample (b) 
PP/UHMWPE (90/10) samples 

It is worthy to note there are some condensed water droplets 
on the microplate cover which could be mistaken for cell 
growth. The absorbance behaviour of the samples and 
controllers to purple Formazan was examined by 
Spectrophotometry as depicted in Fig.6. 

The absorbance peaks for all composites were examined 
at a wavelength of 540 nm which corresponds to the colour 
of purple formazan resulting from metabolism process for 
live cells, with a reference wavelength ranged 500 to 600 
nm [11]. The three red curves in Figure-8 present the 
behaviour of the control samples (including cells+ culture 
medium only), three bottom yellow curves represent the 
negative control samples (Tetrazolium dye MTT only), 
while the other curves represent the tested samples 
(PP/UHMWPE + cells + culture medium + MTT).  

It can be noted that overdoing of the control sample 
(A01) and some test samples about the mean area can be 
attributed to the increase the number of cells included in the 
selected samples. Furthermore, it can be observed that most 
of the curves appeared around the control samples (B01 & 
C01) but far away from the negative control curves. This 
evidently indicates that the cells included in test samples are 
alive and exhibit metabolic activity. Consequently, it can be 
inferred that the developed polymers and their composites 
can be termed bio-materials. Table-1 and Fig.7 present the 
mean values for the absorbance. 

It can be noted that overdoing of the control sample 
(A01) and some test samples about the mean area can be 
attributed to the increase the number of cells included in the 
selected samples.  

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Spectrophotometer chart 
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Fig.7 Mean values of the absorbance for purple colour  

The results evidently demonstrate that the absorbance 
values for the PP/UHMWPE composites are greater than the 
pure polymers. Therefore, the biocompatibility of PP 
increased by 48.7 % and 17.9 % at 30% and 10% of 
UHMWPE content, respectively. This suggests that the use 
PP as a composite with UHMWPE is preferable to its pure 
phase.  

B. Dimensional analysis and skull implant fitting 

The similarity of the manufactured implant to the design 
product was evaluated. This was performed by capturing the 
3D scan of the manufactured implant for comparison with 
the raw data of the designed image. Subsequently, the 
increment in implant volume required to compensate the 
expected material shrinkage was estimated. 

After capturing the skull implant and healing the fault 
faces, the implant image in IGES format was loaded onto 
Solid Works to compare the design and the product. Table-2 
presents the geometric comparison between design and 
product according to the comparative results from Solid 
Works. 

 

 

 

 

 

The comparative results clearly indicate that there is a 
reduction in the product geometry due to material shrinkage. 
As observed, the overall reduction in the product volume 
was 11.87% which is similar in mass, regardless of the type 
of the material considered. However, the reduction in the 
surface area (3.77 %) is considerably lower than the volume 
reduction. This strongly indicates that the volume reduction 
mainly occurs in the implant thickness as clearly illustrated 
in Fig.8 as deduced from ATOS (3D scanner software). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

(a)Inner surface of design and product 

 

 

 

 

 

 

 

 

 

C. Units 

 

(b) Outer surface of design and product 

Fig.8 Digital comparisons of the thickness between design and 

production of the skull implant 

In principle, material shrinkage is compensated by    
enlarging the design scale by a value equivalent to the perc- 

 

 

 

 

 

 
 

entage reduction. However, the function required to increase 
the thickness of the implant by isolating other design 
dimensions is absent in the MakerBot software. Hence, the 
surface area reduction (3.77%) which is lower is considered. 
Otherwise, the resulting product will bigger than real 
implant dimensions. However, after enlarging the implant 
design by 3.77% the volume variance of the implant 
marginally reduced to 8.10%. 

 

Table2. Geometry comparison results 

Parameter Design Product Remarks 

Face count (solid body) 383 1677 Due to surface roughness 

Mass  9.80 8.64 Reduction by 11.80% 

Surface area  7265.25 6993.02 Reduction by 3.77% 

Volume  9800.8 8636.89 Reduction by 11.87% 

 

 

 

Rows 

Microplate columns 

01 
contr

ol 

02 
50/5

0 

03 
60/40 

04 
70/30 

05 
80/20 

06 
90/10 

07 
PP 

08 
UHPE 

09 
Neg. 

control 

A 3.636 2.376 2.520 1.897 1.738 2.166 1.933 1.451 0.0462 

B 1.463 0.990 1.355 2.248 1.377 0.800 1.242 1.138 0.0457 

C 2.008 1.933 2.371 2.378 1.989 2.205 1.210 1.387 0.0497 

Mean 2.369 1.766 2.079 2.174 1.701 1.723 1.462 1.325 0.0472 

 

Table.1 Mean of the absorbance values for MTT assay 
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The process of fitting the model (50% scale) of the 
patient’s skull was performed by FDM. The manual fitting 
of the implant reveals a high level of matching between the 
implant and defected area as presented in Figure-11. As 
observed, a small clearance appears between the skull 
implant matching. This is due to the large difference 
between the skull (ABS) and implant (PP/UHMWPE) 
materials shrinkage rate. 

As observed, the good matching between implant and 
skull model can strongly enhance the implant fixing and 
time of surgery required. As a result, the supporting plates 
and screws, made from biomaterials, can be used to fix the 
bone implants as presented in Fig.9 . 

 

 

 

 

 

 

 

 

 

 
(a) Defect skull model and implant 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

(b) Skull-implant assembly view 

Fig.9 Multi views of implant-skull assembly 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
Fig.10 Implant fitting using supporting plates and screws 

D. Cost estimation 

The estimated costs of the manufacturing process were 

calculated based on the costs of materials and manufacturing 

processes. The cost of the composite materials and 

manufacturing processes is presented in Tables-3&4 [12, 

13] 
 

Table-3 Implant materials cost 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Table-4 Implant manufacturing processes costs  

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

The net weight of the end product was 160.21 g. The total 

cost of the skull implant manufactured in the case study was 

RM 383.80. According to estimates by the USM-hospital, 

the material costs for not pre-moulded Titanium mesh 

typically ranges from RM 3000 – 5000 depending on the 

size of the implant. 

IV. CONCLUSION 

In this paper PP/UHMWPE (90/10) composite was 
investigated based on biocompatibility to human 
environment to fabricate real implant for defected skull to 
one of the patient in USM-hospital using FDM technology. 
Consequently, the manufactured implant evaluated based on 
dimensional accuracy compared to original design, as well 
as the total costs for implant’s material and manufacturing 
processes has been estimated. The study results 
demonstrated the following points; 

1. The addition of UHMWPE to pure PP amplifies its 

biocompatibility property; 17.9% improvement was 

observed at 10% UHMWPE content and reaches the peak at 

30% UHMWPE content.  This suggests that the use PP as a 

 

 

 

Material 

Material 

cost 

RM/g 

Material 

percentage 

% 

Weight  

[g] 

Cost/product 

RM/implant 

(160.21g) 

PP SM240 

 
0.01 90 144.189 1.442 

UHMWPE 

GUR1020 

 

4.84 

10 16.021 77.542 

Sub-total  78.984 

(≈19$) 

 
RM: Malaysian Ringgit, g: gram 

Process 
Process cost 

RM/g 

Cost/product 

RM/implant 

(160.21g)  

Melt blending 

(Estimation) 
0.15 24.032 

Extrusion [14] 0.111  17.78 

FDM [15] 
213  

[RM/product]  
213 

Post process  

(Estimation) 

50 

[RM/product] 
50 

Sub-total  
304.812 

(≈73$) 

 



ICTS24632019-MD5017 

1327 

composite with UHMWPE is more superior in comparison 

to its pure state.  

2. Fine matching between manufactured implant and 

defected skull model has been performed, which is can be 

hardly performed by hand made based on surgical 

experience. 
3.  Data preparation and FDM-manufacturing events can be 

efficiently performed in 8 – 10 hours. Pre-moulded implant 

definitely shortening the surgery time. 

4.  Comparison of dimensional accuracy divulged that the 

similarity of manufactured implant to the original design 

was 88.22%. The different percentage (11.78%) was owing 

to material shrinkage, 3.77% of them was at implant surface 

area, while the rest of it was through the implant thickness. 

Due to the limitation of manufacturing control software only 

area shrinkage has been compensated.  

5. The cost comparison revealed that utilization of the 

alternative material suggested by the study (PP/UHMWPE) 
and FDM technology to fabricate the implant can save RM 

2616 per implant which corresponding to 87.2% 

conventional materials costs. 
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