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Fabrication and Characterization of Ready-Use Artificial Skull
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Abstract:

Background: At present, medical care in Thailand is far advanced in all specialties. With this,
we have to import large amount of high-cost medical equipment from other countries. However,
there are many animal and plant products which can be modified and used for medical care.

Objective: This research aims to add value to Thailand’s agricultural products, including rice
starch, rubber, and animal bones in Thailand by transforming these products into medical
devices, namely artificial skull for the Thai people.

Materials and method: By using green technology, which is to use chemicals that are not toxic
to the environment and humans to prepare pure medical cow bone implants in the human body.
Heating to remove contaminants and crushing, casting, and sintering. Increasing toughness
by coating with rice starch and additives. Artificial skull prototype fabricated based on fresh
cow bone in Thailand was made.

Result: Artificial skull was made which consists of 75% by weight cow bone powder and
binder which is composed of 80% by weight rice starch and 20% by weight filler, representing
25% for forming. Biocompatibility with the living body and highly responsive to the growth
of human bone tissue. The samples had a maximum degree of swelling in the water of 23%
after 2 hours becoming stable.

Conclusion: This simple green technology was friendly to the environment and human. This
method could make value-added agricultural products for medical material. For this reason,

trade deficit to the country could be decreased.
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Introduction

Currently, Thailand still has to import
medical equipment worth about one hundred
thousand million baht per year from abroad.
Exports, on the other hand, amount to about
ten thousand million baht. The research team
aims to add value to Thailand’s agricultural
products, including rice starch, rubber, and
animal bones. They will be processed into
medical devices, especially artificial skulls
for the Thai people. This is the development
of agricultural products, and we will manage
the knowledge from research to expand the
results to the community by bringing it to
the production and export industries.!”

Hydroxyapatite (HA) is generally a
compound of calcium phosphate. It can be
synthesized by chemical methods such as
co-precipitation*’, sol-gel synthesis®’,
hydrothermal®, and thermal deposition.’
The problem with these methods is that the
reactant cost to produce hydroxyapatite is
high. In addition, the yield is low. Therefore,
the increasing demand for HA has led to
the processing of HA from natural sources
such as edible animal bones, eggshells, and
cockle shells®!? as attractive alternatives in
the future." If researchers want to use HA
powder for medicinal purposes, the powder
must be shaped to be convenient and easy
to use, depending on the research objective.
The molding must be mixed with binder to
obtain the desired shape. Pharmaceutical
grade rice starch, such as Era-Tab'?, was used
as a tablet ingredient, as was medical grade
PVA, a water-soluble polymer.'

The research project is to produce a
dense and porous prefabricated artificial
skull from cow bones mixed with rice starch
and PVA. This will be used to repair broken
and damaged human skulls after accidents
or serious diseases in Thailand. The precursor
from Thai cow bones, a material of natural
origin, is physically and chemically
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processed, so that it is pure without organic
substances. It is then introduced into the
synthesis process and processed into a fine
powder that is formed into a human skull
prosthesis, aiming for commercial expansion.
Therefore, there is joint research funding
with academic departments of universities
to urgently advance concrete results. This
research will start with laboratory trials.
Then, further trials are conducted with
human subjects from various disciplines,
such as general surgery, neurosurgery,
orthopedics, etc.'*

Materials and method

Materials

The cow bone was prepared according
to the American Society for Testing and
Materials (ASTM) designation F1581-99,
2016." The concentration of trace elements
had to be as follows: Arsenic < 3 ppm,
cadmium < 5 ppm, mercury < 5 ppm, lead
< 30 ppm and total heavy metals < 50 ppm.
Then the bovine bone particles were crushed
by high-speed grinding for 3 hours. Era-Tab
was supplied by Erawan Research and
Laboratory, Thailand. PVA was purchased
from Sigma-Aldrich, USA.

Specimen preparation

Calcined cow bones were prepared,
dried, and wet ground using 95% ethanol as a
suspension medium. Grinding through a ball
mill with a grinding pot and grinding ball
(pot mill) for 70 hours, drying at 80°C, then
filtering the powder through a 400 mesh sieve
(size less than 37 microns) until obtained.
The obtained powder is mixed with rice
starch powder (Era-Tab) and a PVA binder.
Then it is pressed into the mold for an
artificial skull. Finally, it is dried at 150°C
for 14 hours.
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Characterization of samples

A scanning electron microscope
(SEM-EDS, JEOL, JSM-IT800, Japan) was
used to study the morphology of the cross
section of the samples. The degree of swelling
and volume expansion were determined
as follows.'® All quantitative data were
analyzed with origin 8.0 (Origin Lab
Corporation, USA) and presented as the
mean + standard deviation. Statistical
comparisons were carried out using analysis
of variance (ANOVA, Origin 8.0). A value
of p<0.05 was considered to be statistically
significant.

Result and discussion
Figure 1 shows the prototype of the
artificial bone, and Figure 2 shows the SEM
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Figure 1 shows prototype of an artificial
skull

(Scanning Electron Microscope) results of
the cow bone surface after being calcined
at 900°C to remove all organic matter and
visible white spots less than 1 pum in size
uniformly distributed on the surface of the
cow bone. This was caused by the growth
of new calcium phosphate crystals, and the
chemical composition on the surface of cow
bone was analyzed at spectrumNo. 1 (Figure 3)
by the EDS (Energy Dispersive Spectroscopy)
technique. The main minerals were calcium
(Ca) and phosphorus (P). Nitrogen as a
component of protein was not found,
indicating that there was no organic matter
in the cow bone. The average value of Ca:P
was 1.68 + 0.34, which is close to the pure
HA of 1.67 (Figure 4).

Figure 2 shows scanning electron
microscope (SEM) of cow bone
surface at 900°C (3,000 x)
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Eloctron image 1
Figure 3 shows energy dispersive spectros-
copy (EDS) of cow bone surface

of spectrum 1

The sample of an artificial skull consists
of 75 wt% cow bone powder, and 80 wt%
rice starch and, 20 wt% filler, corresponding
to 25 wt% of the binder for moulding.
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Figure 5 Weight increase of the samples
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Element | Weight% Atomic%

CK 6.51 12.62

NK - -

OK 4331 59.80

PK 15.28 87

CaK 34.90 18.88

Totals | 100.00 Ca/P = 1.68

Figure 4 Chemical composition spectrum 1
by EDS technique

The samples had a maximum degree of
swelling in water of 23 £0.5%, which became
constant after 2 hours (Figure 5).
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Figure 6 Volume expansion of the samples

Figure 7 Artificial skull parts before
immersion testing
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Figure 8 Artificial skull partsafterimmersion
testing



An artificial skull exhibited the greatest
volumetricexpansionof 1.2% ,startingat20min
to40 minafter the onset of decomposition of the
sample surface, until greater decomposition
of the bone powder was observed at 60 min.
However, the shape of the sample remains
90% intact without complete dissolution or
disintegration into small pieces. The image
remains intact until after 2 hours (Figure 5)
and an expansion of 1.2%, starting at 20 min
to40 minafter the onset of decomposition of the
sample surface, until greater decomposition
of the bone powder is observed at 60 min.
However, the shape of the sample remains
90% intact without complete dissolution or
disintegration into small pieces. The image
remains intact until after 2 hours (Figure 5
and 6). Figure 7 and 8 show the comparison
of the surface shapes of the samples. It was
found that the skin was normal, smooth,
and firm before the test. However, after the
immersion test in water, the skin was bubbly
and swelled due to the hydrolysis of water,
so the surface of the samples absorbed water.
Meanwhile, the shape of the specimens is
still intact until they are completely broken
in a short time. Foreign artificial skulls are
made of polymethyl methacrylate plastic,
which does not have the properties to
stimulate bone growth, although it is light,
strong, and durable.'” Rice starch was the
hydrogelstate thatswelled and was hydrophilic.
This leads to natural degradation. PVA, on the
other hand, is a synthetic polymer and
stable polymer in nature. Therefore, HA in
combination with rice and PVA can cause
cross linking between the OH groups of rice
starch and the hydrogen groups of PVA.

Conclusion

An artificial skull made of cow bone
mixed with rice starch and PVA was the
dense artificial skull in this study. It has basic
physical properties that make it possible to
be used as a prosthetic skull made of Thai
agricultural materials. Because the theory

of an artificial skull is not less than 0.5 mm
thick and resistant to impact, skull fixation
materials can be used to hold a prosthetic
skull made of cow bone powder and rice
starch to blend seamlessly into a real human
skull with a real human head. After suturing
the skull, the size of the skull is comparable
to that of a real human skull.

Acknowledgment
The authors would like to thank Mae
Fah Luang University for financial support.

References

1. https://www krungsri.com/th/research/
industry/industry-outlook/Other-
Industries/Medical-Devices/10/
medical-devices.

2. file:///C:/Users/smart815/Videos/
Downloads/abcjournal ,+Journal+
manager,+126-138.pdf.

3. http://medicaldevices.oie.go.th/Article.
aspx?aid=10304.

4. BaoCY,Zhang YZ,Wang HL,LuoJM,
Tan YF, Fan HS, Zhang XD. Stress
Analysis and Optimizing of
Osteoinductive Ca-P Ceramics and
Net-Cage-Structured Titanium Alloy in
Dog Segmental Femoral Defect
Reparation. Key Eng Mater. 2006; 309:
231-4.

5. DengC,WengJ,Cheng QY,Zhou SB,
Lu X, Wan JX,Qu SX, Feng B, Li XH.
Choice of dispersants for the nano-
apatite filler of polylactide-matrix
composite biomaterial. Curr. Appl.
Phys. 2007; 7: 679-82.

6. Ooi CY, Hamdi M, Ramesh S.
Properties of hydroxyapatite produced
by annealing of bovine bone, Ceram.
Int. 2007; 33: 1171-7.

7. Balamurugan A, Kannan S, Rajeswari
S. Bioactivesol-gel hydroxyapatite
surface for biomedical application-
invitro study, Trends Biomater. Artif.
Organs. 2002; 16: 18-21.

Vol. 3 No.2 May — August 2023 « 113



10.

I1.

12.

13.

Sivakumar M, Kumar TSS, Shantha
KL. Rao KP, Development of
hydroxyapatite derived from Indian
coral. Biomaterials.1996; 17:1709-14.
Shi D, Jaing G, Wen X. Invitro
bioactive behavior of hydroxyapatite-
coated porous Al203. J. Biomed.
Mater. Res. 2000; 53: 457-66.
Sasikumar S, Vijayaraghavan R. Low
temperature synthesis of nanocrystalline
hydroxyapatite from eggshells by
combustion method, Biomater. Artif.
Organs. 2006; 19: 70-6.

Kokubo T, Takadama H. How useful
is SB Fin predicting in vivo bone
bioactivity? Biomaterials. 2006; 27:
2907-15.

Vongsurakrai V, Varavini S. Product
of Spray Dried Rice Starch (Era-Tab ®)
and Its Utilization in Pharmaceutical
Industry, Adv. Mater. Res. 2010; 93-94:
672-4.

Halajan M, Torkamany M, Dorranian D.
Effects of the ZnSe concentration on the
structural and optical properties of
ZnSe/PVA nanocomposite thin film.
J. Phys. and Chem. Solid. 2014; 75:
1187-93.

114 « Greater Mekong Subregion Medical Journal

14.

15.

16.

17.

Sivakumar M, Kumar TSS, Shantha
KL, Rao KP. Development of
hydroxyapatite derived from Indian
coral. Biomaterials. 1996; 17: 1709-14.
Phuendee M, Jarupoom M, Leksakul
K, Sroykeaw J, Khumpa S. To Study
and Apply of Rapid Prototyping for
Developing Artificial Tibia and Skull
Part. Presented in the Industrial
Engineering Conference on 17-19
October 2012 at Cha-am, Petchaburi,
Thailand.

ASTM F1581-08R20. Standard
Specification for Composition of
Anorganic Bone for Surgical Implants,
West Conshohocken, PA, USA, 1-4.
Chaudhary A, Sinha VD, Chopra S,
Shekhawat J, Jain G. Low-Cost
Customized Cranioplasty with
Polymethyl Methacrylate Using 3D
Printer Generated Mold: An
Institutional Experience and Review
of Literature. Indian Journal of
Neurotrauma. 2021; 18 (2): 99-104.
DOI: 10.1055/5-0041-1729679.



