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Abstract

Background: In several conditions we have face cranial bone
defects. Reconstruction of these defects remains one of the
most challenging problems encountered by craniofacial sur-
geons.

Objective: To evaluate bone repair in cranial bone defects by
use of an implant made of octacalcium phosphate in combina-
tion with bone matrix gelatin (OCP/BMQG).

Methods: We used 40, 5-6-week-old male Sprague-Dawley
rats. A full thickness standardized trephine defect—S5-mm in
diameter—was made in the rat parietal bone and OCP/BMG
was implanted into the defect. No OCP/BMG particles were
implanted in control group that was otherwise treated identi-
cally. After sacrificing the rats chronologically and processing
the tissues by routine histological procedures, 5-um thick sec-
tions of bone were stained and examined under light micro-
scope.

Results: On the 5" day of implantation, inflammatory cells
were seen around the implanted materials, especially around
the OCP particles. By the end of 21% day, almost all of the
OCP/BMG particles were absorbed and bone trabeculae, bone
marrow cavities and bone marrow tissues were seen. In the
control group, at the end of 21" day, a few areas of new bone
were seen near to the defect margins and host bone, however,
in much less amount than in the experimental group.

Conclusion: Implant of OCP/BMG appears to stimulate new
bone regeneration in bone defects. These biomaterials can be
used for repair of cranial bone defects.
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Introduction

econstruction of bony defects of the craniofacial region

remains one of the most challen1ging problems encoun-

tered by craniofacial surgeons.  Several types of im-
plants and composite bone graft substitutes consisting of os-
teo-inductive proteins and biocompatible delivery matrix have
been used to fill such defects.??
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Fig 1: Photomicrograph of untreated control
group on day 21; a narrow margin of new bone
(NB) attached to the host bone (HB) is observed.
All of the defects were filled by connective tissues
(CT) H&E, x160.

One type of such implants is calcium phos-
phate components. These materials have been
used successfully in bone repair, because of
their biocompability and their chemical and
physical resemblance to the inorganic hy-
droxyapatite component of bone.*? Biological
apatite in bone tissue has been suggested to
be formed via precursor phases. It is generally
accepted that hydroxyapatite (HA) in hard tis-
sues, such as bone and tooth enamel, is cal-
cium deficient carbonate apatite. In supersatu-
rated calcifying solution, calcium deficient HA
has been shown to precipitate via the forma-
tion of one precursor such as octacalcium
phosphate. For that reason, it is believed that
precursor phase may participate in biological
mineralization, such as octacalcium phos-
phate.®™ It has previously been reported that
synthetic octacalcium phosphate (OCP) gran-
ules can stimulate bone formation, if implanted
in the subperiosteal region and areas of skull
defect in rats.”"™

Another substance, also known to induce
bone is bone matrix gelatin (BMG), a complex
insoluble substance composed of type | colla-
gen and a heterogeneous group of noncolla-
genous proteins.”'” One of these proteins is
bone morphogenic protein (BMP) which per-
suades local mesenchymal cells to differenti-
ate into bone forming cells, a process known
as osteoinduction. This protein is suggested to
be responsible, in part, for the osteoinductive
properties of BMG.™

Because of abilities of both OCP and BMG
to enhance bone formation, the plasticity of
OCP and its ability to adsorb protein,19 and the
necessity for a carrier for BMP we hypothe-
sized that OCP can be used as an effective
carrier for BMP to enhance bone repair.
Therefore, the objective of the present study is
to examine the efficacy of an implant made of

Fig 2: Photomicrograph of treated group on day
5; spindle-shaped cells (arrow) surrounded the

BMG () and OCP (e) particles, and occasionally
multinucleated giant cells (arrow heads) are ob-
served around the implants (H&E. x160).

OCP in combination with BMG (OCP/BMG) on
skull defects as compared to untreated con-
trols.

Materials and Methods

Animals

Forty 5-6-week-old male Sprague-Dawley rats
weighting between 125 and 150 g were used.
The rats were obtained from Animal Research
Center of Pasteur Institute, Tehran, Iran. They
were kept under a standard light-dark schedule
and relative humidity. Stock diet and tap water
were available ad libitum.

Preparation of Implants

Octacalcium phosphate (OCP) was prepared
according to the method described by
Legeros.® In brief, 250 ml of 0.04 M Ca
(CH3CO0,),.H,0O solution was slowly added to
250 ml of 0.04 M NaH,P0O,.2H,0 solution over
a period of one hour. The solution was stirring
at 400 rpm at 67.5°C. Ground granules of OCP
between 32 and 48 mesh (particle size: 300—
500 pm) were used for implantation. The
saved granules were sterilized by being heated
at 120 °C for 2 hrs and implanted. Previous
studies have shown that heat does not affect
physical properties such as crystalline struc-
ture of the specific surface area of the granules
of OCP." Bone matrix gelatin (BMG) was pre-
pared by the method previously described by
Jurist,16 which was modified by the method of
Wei-Qi Yan."” Briefly, shafts of femora and
tibiae from 4-week-old male Sprague Dawley
rats were cut into chips. Liquid nitrogen was
used to freeze the bone shafts after their re-
moval and while they were being cut into chips
to avoid possible denaturation of proteins, the
bone chips were extracted in chloroform-
methanol (1:1) for 4 hr at 25 °C, demineralized
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Fig 3: Photomicrograph of treated group on day 7;
a few clusters of cartilage cells (arrows) can be

seen between the BMG particles (x). In addition,
round-shaped cells (long arrow head) can be
seen between BMG particles (H&E. x160).

in 0.6 N of hydrochloric acid at 4 °C for 72 hr,
and gelatinized in 6 M of lithium chloride at 2
°C for 24 hr. The bone chips then were auto
digested at 37 °C for 48 hr in phosphate buffer
(pH 7.4) with 10 mM of sodium azide and 5
mM of iodoacetic acid as a protease inhibi-
tor."®"” The bone chips then were pulverized
with a sample chamber and sifted. Particles
sized 75-500 um were collected by the testing
sieve, lyophilized, sterilized in ethylene oxide,
and stored in sterile glass containers.

Experimental Periods

The rats were randomized into two groups of
equal size: OCP/BMG treated group (n=20)
and untreated control group (n=20). Five rats
from each group were sacrificed and fixed at
5™ 7" 14™ and 21% days after the implantation
of OCP or a control group.

Implantation Procedure

The animals were anesthetized with intraperi-
toneal injection of ketamine hydrochloride (Ke-
tholar™) at a dose of 60 mg/kg body weight,
supplemented by ether inhalation. An elliptical
skin incision about 15-mm long was made
aseptically along the left temporal line. The
dissection was carried down to the calvarium.
Periosteum of the calvarium was ablated and a
full-thickness standardized trephine defect, 5
mm in diameter, was made in the parietal bone
under continuous saline buffer irrigation. Ex-
treme care was exercised to avoid injury to the
dura mater. In treated animals OCP/BMG
combination (in ratio1:4) was implanted into
the trephine defect and covered with surgical.
A similar procedure was followed in control
group but nothing was implanted into the tre-
phine defect.

Tissue Preparation
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Fig 4: Photomicrograph of treated group on day
14; newly-formed bone (nb) initiated near to the
defect margins and host bone (HB). Osteoblasts
(arrow) and multinucleated giant cells (arrow
head) can be observed on the surface of new
bone and BMG particles (H&E, x100).

The rats were anesthetized by intraperitoneal
injection of ketamine hydrochloride (60 mg/kg
body weight). They were then fixed with 4%
paraformaldehyde in 0.1 M phosphate-buffer
saline (PBS, pH 7.4) by perfusion through the
aorta. The implants were resected together
with the surrounding bone and tissues and
kept in the same fixative overnight at 4 °C. The
specimens were decalcified in a mixture of
10% formic acid, 2.9% citric acid, and 1.8%
trisodium citrate dehydrate for three weeks as
described elsewhere."" The samples were de-
hydrated in a graded series of ethanol and
embedded by paraffin. Serial sections of 5 um
thicknesses were cut horizontally and stained
with H&E and alcian blue and studied under
light microscope (Olympus AX-800).

Results

In the control group, at the day 21, the defects
were filled by dense fibrous connective tissue.
A narrow margin of new bone formation could
be seen around the edges of the defects
(Fig1).

On the 5™ day post-implantation, the re-
sected specimens from experimental animals
showed infiltrated with spindle-shaped connec-
tive tissue cells with occasion multinucleated
giant cells, especially around the OCP parti-
cles (Fig 2). By day 7, a few clusters of carti-
lage cells dispersed between the BMG parti-
cles in the central position of the defects (Fig
3) were apparent. New bone formation was
observed, by the day 14, at the margin of the
defects (Fig 4), and on the implanted
OCP/BMG particles, far away from the margin
defects. Osteoblasts were visible on newly-
formed bone and around the implanted parti-
cles (Figs 4, 5). Some implanted particles were
surrounded by multinucleated giant cells (Fig
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Fig 5: Photomicrograph of treated group on day
14; newly-formed bone is observed on the im-
planted particles (e,:) especially on the OCP parti-
cles (o), away from the margins. Some of the im-
planted particles and newly-formed bone are sur-
rounded by osteoblasts (arrow) and multinucle-
ated giant cells (short arrow) (H&E, x100).

5). On day 14, no cartilage was seen in the
defects of the experimental animals. Newly-
formed bone filled the defects on the day 21.
The bone matrix became more compact and
bone trabeculae, bone marrow cavities and
tissues were more obvious in the experimental
animals as compared to the controls (Fig 6). At
the end of the study, most of the implanted
particles were absorbed and replaced by
newly-formed bone.

Discussion

Since autograft materials may not be available
in sufficient amounts, repair of large bony de-
fects in the craniofacial region is a challenging
task for surgeons.?’ Recent studies have ad-
vocated the use of other alloplastic materials
with osteoinductive properties, such as demin-
eralized bone matrix (DBM) and BMG, '¢'8 2224
and materials with osteoconductive properties,
such as hydroxyapatite (HA) and B-tricalcium
phosphate (B-TCP).??” Furthermore, previous
studies have indicated that synthetic OCP
granules stimulate bone repair when implanted
in the skull defect of rats.™

A novel delivery system including
OCP/BMG was used in this study. Our experi-
ment demonstrated that OCP/BMG composite
could enhance bone repair through augmenta-
tion of the host bone regeneration. It also
showed resorption of the implanted materials
in the early stage of bone formation. Previous
studies have confirmed that the implanted
OCP can serve as a core for initiating bone
formation and shows the osteoinductive ability
as well as the osteoconductive properties, if it
is implanted in the critical-sized calvarial defect
of rats.®®*° A critical-size bone defect is de-

Fig 6: Photomicrograph of treated group on day
21; further apposition of new bone (nb) can be
seen that have filled the defect. Bony trabeculae
are surrounded by osteoblasts (arrow). Many os-
teocyte (short arrow) and well-developed bone
marrow cavity (bmc) can be observed (H&E,
x160).

fined as the size of an osseous defect that
does not heal spontaneously with bone during
the lifetime of the animal unless some osteo-
genic, osteoconductive, or osteoinductive ma-
terial is placed in or onto the defect.? The ad-
vantage of BMG is attributed to its content and
diffusibility of the BMP and other osteoinduc-
tive cytokines, which interact with undifferenti-
ated osteogenic precursor cells in the host bed
and that cause them to differentiate into func-
tionally active osteogenic elements.”®" For
these reasons, we proposed that OCP, in addi-
tion to acting as an osteoinductive material for
the promotion of bone ingrowths, could be
used as an effective carrier for BMP so that it
is released from BMG.

The present study indicated that the size of
the implanted materials reduces with time. It
suggests that resorption of the implants is per-
haps enhanced by combining BMG and OCP.
A previous study showed that the multinucle-
ated giant cells (MNGCs) around the implanted
materials, especially OCP, share ultrastructural
features with osteoclast.®® The recent study
has demonstrated that osteoinductive cyto-
kines may act directly on the osteoclast pro-
genitor cell population to stimulate differentia-
tion.*’ BMP released from OCP/BMG may
stimulate MNGCs to differentiated further and
resorbe the implanted materials. However, it is
not clear how OCP/BMG implants surrounded
directly by newly-formed bone are resorbed.
The implants may also be resorbed by the
MNGCs after being exposed by the remodeling
process of surrounding bone. In the present
study, the size of implants was decreased with
time; however the implants still remained in the
newly-formed bone up to 3 weeks of implanta-
tion. They might be resorbed further with the
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passage of time. The number of MNGCs
around the implants seemed to decrease with
time as the implanted materials become sur-
rounded by newly-formed bone.

Our study demonstrated that OCP com-

bined with BMG could synergistically enhance
bone repair as well as resorption of the im-
plants in the early stages of bone formation.
The combination of OCP/BMG could be a suit-
able bone substitute which is expected to be
resorbed within a relatively short time and re-
placed by newly-formed bone in the meantime.
Finally, we propose that OCP could also be
used as an effective carrier for other osteoin-
ductive cytokines in clinical application.
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