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Porous biphasic calcium
about 77% B-TCP and 23% Hap

Fhosphate bioceramic orbital plate implant consisting of
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as
available orbital plate implan. The pore size of the material, which is 138 microns,

contributed to the early fi far ingrowth
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Y tests show the excellent potential of the developed bioceramic orbital
plate implant for orbital floor fracture reconstruction.
vascularization, resistant to res orption, and has

Itis biocompatible, allous
Proven to have physiological bone

induction as well as bone conducton properties.
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The remarkable progress of ceramicsinre cent years
has resulted in the development of mateials with

Dresner 1994). As seen in Fig. 1, orbital pate implants.
are utiized for orbital floar reconstruction. tis used to

chemical, physical and mechanical are
suitable for biomedical applications. Cerami (Blowout) from

usedfor t

fields of application include orthopedic,  of the postero-medial part of the madary bone.

odontosthomathology, ophthalmology, plastic and

of
Orbital floor repairentails freeing the proapsedorbital

g Among
the bioceramic materials that are being cleveloped,
calcium phosphate, Ca,(PO,),, has been extensively

r over
the fracture fo prevent recurrent prolapse and adhesion
(Rubin & Bilyk 1994).

studied due to its chemical taline
structures, which is similr to the inorgaric substance of
the human body.

Calcium phosphates are group of canpounds that
are naturally found in human bones and teeh. They
exist in different crystalline phases and only

as the reconstructive material for orbital feor fractures
since they provide viable sources of osleobiast for
osteoproduction, skeletal framework to replace bone
psteop it

bane formation (osteoinduction). However, fiey are being

P)is
commonly used in biological systems as artiicial tooth

foots, bone and Recently HAphas been
successfully usedas an orbital plate implant (Karesh &

‘Cortesponcing auhor:foyas @sunt.dost gowph

it 9).
These drawbacks initiated the birh of porous
i 1986and

porous polyethylene ‘medpor® in 1991. This new
generation orbital implant substitules provided
and fion properties Lemk
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Figure 1. Orbital floor [

& Kikkawa 1986, Lavernia & Schoelung 1991)

Unfortunately, these implants are acquired through
P the use of

implants is not widely accepted because of their high

costof US $650.00 perimplant. The growing concern to

lower the cost of these materials has iniialed an interest

implant ( marked B).

binder, local kaokn clay, for several hours in methanol.
The addition of day as binder was varied fiom 510 20%
based on the diy weight of the calcined powder.

shaped molds made of polymers. - After forming, the
polymeric mokis were saturated with the biphasic

hydroxyapatite and [vricalcium phosphate. The study
also aims to evaluate the biocompatibility of the
bioceramic orbital plate implant and demonstrate ils
potential as a low cost alternative to coralline
hydroxyapaite.

Materials and Methods

Synthesis of Biphasic Calcium Phosphate Ceramic

Analytical grade imestone, CaCo, (99%, <44um)
and dicalcium phosphate dihydrate, CaHPO,2H,0
(89%, <44 um) were used as starling malerials. The
batch was prepared by weighing mixiures of CaCO,
and CaHPO 2H,0 with Ca/F ratio ranging from 1 5[0
1.87. The mres

calcium phospl g slurries and then dried
at110°C for severl Mours. twas followed by sintering
in a tube furnace at 1280°C for 3 hours to obtain the
porous biphasic calcium phosphate ceramics. The

identified by Xy dffraction. Microstructures were
JEOL

JSM-T20 operalig at 15-20 kv.

Clinical Applicalion of Bioceramic
Orbital Plate Implarit

Twelve orbiis of six adult cats were used with
weights ranging fom 2.5-3 kg. The guidelines of the
Association for Research in Vision and Ophthalmology
(ARVO) wers observed during the tests. Each cat was
anesthesized wilh intramuscular Ketamine (30 mg/kg/
M), atropine sulkae (0.1 miM) and Midazolam (0.2 ml/
M), T g 10%

for 24 hours in water using zirconia grinding balls and
then followed by oven drying at 80°C for 24 hours.
Calcination of the dried powder was carried out from
700°C 10 1000°C at a heating rate of 200°C/h unil the
desired temperature has been reached.

Fabrication of Bioceramic Orbital Plate Implant
Slurries were initially prepared by miling mixtures

of calcined biphasic caicium phosphate powder and

9

povidine iodine andthe incision site was inflrated with
a mixture of 2% ocaine with 1:10,000 epinephrine.
Creation of a 6mn cunilinear subciliary skin incision
was done and was carried down towards the sub-
periosteum, a membrane of connective bone tissue.
Careful blunt dissection to expose the fioor of the lower
orbit with periostedlevator, a muscle that serves to raise
a body part, was performed. The posterior medial
aspect of the orbia floor was fractured by chisel and
rongeur creatingafaciure defect of 2 mmin diamter.



was implanted overhe area of defect (Fig, 2). Orbital
plate maybe timmet1o  the contours of the defect,
The subperiosteum wais carelully sutured using 4.0
vircyl. This was folloved by skin closure vith simple
interrupted 4.0 silk sutwres.  Daily examination,

antibiota X
‘The right orbil of sachcatwas labeled A and the left as
B. The orbital plate inplants of the right orbit of each
cat (A) were harvested at | month post operation and
that of the left () ol 3 monihs.  Microsections of
decalcified plate implants ve re taken and stained with

* i 7

Bioceramic Orbital Plate

0fCaHPO, 2HO and CaCO, mixtures tosimultaneously
form the two phasesof Ca, (PO,), was selected at 800°C
since itwas atlhis femperature that complete formation
of HAP and 1C P wass first cbserved.

Fabrication of Bicceramic Orbital Plate Implant

After detemining the processing conditions for the
synthesis of the biphasic calcium phosphate
bioceramic oibital plate implant powders, the
fabrication of the plite implant was undertaken Using
the synthesized powders. Porous ceramics are

e
stained microsections were examined by light
microscope and pamm elers such as evidence of

presence of any signs of necrosis, infection and
inflammation were noled.
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Resuilts and Discussion

Synthesis of Biphasic
Calcium Phosphate Cerarnic

Biphasic calcium phosphale powders were initially
synthesized from the misures of GaHPO,2H,0 and
CaCO,. Figure 3 shows the Xray diffraction patierns
0fCaHPO, 2H,0 and CaC0, nixtures after miling and
calcination al 700°C to 1000° C. }tcan be seen that the
onset for the formation of tio phases of calcium
phosphate, HAp and -TCP, vas observed at 700°C
(Fig. 30). The presence ofCaCO,, whichis one of the
stariing materials, was akso delected suggesting the
reaction to form the two phases had not been
completed. At800°C, 900°C and 1000°C no detectable
CaCo, peaks were idenified implying complete
reactions (Fig. 3c-e). From these results, calcination

ciheiby the process or

y
phosphate powders (Lavernia & Schoenung 1991,
Leiieure et al 1886 ). The latier method was adopted
in this study. During the sintering process, the
polymers satunted with the synthesized powders
undergo thermal dscomposition, thus leaving the
ceramic materias poous.

The effect of binder addition was studied during
the fabrication of the porous ceramics. Clay was
selected because thismaterial is readily available and
inexpensive. Afler sittering at 1280°C for 3hr, formed

the ad

clay. while the addtion of 15-20% clay did not collapse.
These results sug gest the importance of binder
addiion in the fabricafion of the porous ceramics and
the clay to be added should not be less than 15% in
order 1o bond the particles in the materials after
sintering. Figute 4 gresents the XRD patterns of
porous ceramics vith 0.1 5 and 20% olay ater sintering
and their corresporiding phase compositions are
shown in Fig. 5. These phase compositions were
timated b i i

using the main diliaction peaks of 2.88 (26=31.0) and
282 (29=31.6) for B-TCP and HAp, respectively. It
can be seen that (rere s anincrease in B-TGP content
as the additon of day is increased. This implies that
B-TCH ting
with HAp 10 produce TCP ( Ruys et al. 1994). A 15%
clay addiion resulied taabout77% TCP and 23% HAp
(Fig. 4). The XRD paliems of the human bones.
unheated and healed a 800°C, are shown in Figure
6a-b, respectively, The presence of a single phase
calcium phosphate,HAp, was noted. Biphasic calcium
phosphate was developed because it offers more
advantages. In addionlo HAp thal contributes o the
direct chemical bontin gwith ihe bones, the presence
of TCP promotes bune regeneration (Aoki, 1984)
The microstructure of the developed bioceramic
orbilal plate implariwith 15% clay addition is shown
in Fig. 7. WWis cheracterized by an interconnected
matrix of pores, having an average pare size of 198
microns. This pore size is more than the minimal
requirement of 40 micrans needed for fibrovascular
ingrowth (Karesh & Dre sner 1994). Large pore sizes
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Figure 6.
after sintating at 1280° for 3hours

are more dasnahle in orbital mp\ams because they
allow

{2) 0%, (b) 15% and (c) 20% clay

was very much secured to the adjacent bone (Fig. 8)

Clinical Application of Biocerarmle
Orbital Plate implant

Results of histologic examimtions showednosigns

was fikewise noted, Grossly, the grall was pinkish and

showed microsections of tissue fragments composed

f y collage tissue.
The fragments of the tissue implants consisted of
islands of osteoid surrounded by osteablasts and set
in loose connective tissue (Fig. 9). Likewise, areas of
implants admixed with new forming bone were noted,
Vascularization in the form of capillary buds were
observed as early as one month.
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Figure 7. SEM micrograg|
pores (bar = )

Figure 8. Relaonship of the graft implan! v
infection
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Figure 9. Malured bans Uiabecula with atacies 1yt
tion at one monih post mpiantaton

) 87 5
ant(marked A) showing osteoid (marked B) forma-

9



Figure 10, Istands of

Bioceramic Orbital Plate

theimplan) wih the new forming bone at 3 monihs post implantation.

On thehird month, six (left) orbital plate implant

adjacent maturebone. along with fibrovascular tissue
filling the inpiant (Fig. 10).

Conclusion

Biocermics orbital plate implant was successfully
developed using calcium phosphate dinydrate and
calcium carbonate as starting materials. The
processingconditions for the fabrication of this material
requires fhe_calcination of the starting materials at
800°C to obtain the complele formation of the two
phases of calium phosphate, hydroxyapatite and
beta-tricakiumphosphale. - After sintering at 1280°C
for 3 hours, XRD analysis showed the mineral
composilions of the porous biphasic caicium
phosphale cermics to be 77% §-TCP and 23% HAp.
The pore size of the material, which is 198 microns,
coniributed to fhe early fibrovascular ingrowth nlo the
pores of e plte implant. Resuls of biocompatibilty
tests shou the excellent potential of the developed
orbital plate implant for orbital floor fracture
reconstuction. It is biocompatible, allows
vascularization, resistant to resorption and has proven
o have physidlogical bone induction as well as bone
conduction properties. Indeed this offers an aitractive
affordabie oplon in reconstruciive surgery.

Recommendation

‘The authors plan to conduct long term studies and
with the approval of the institutions bioethical
commitee will consider human clinical tral.
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