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PARTICULATE BONE MATRIX USAGE FOR ALVEOLAR BONE CONSERVATION.
A HISTOMORPHOMETRIC STUDY.
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Abstract

Different filling materials have been used in an attempt to repair bone loss situations.
Objective: The present study aimed to examine the effect of a bone matrix in post-extrac-
tion remodelling of the alveolar bone, and to perform a histomorphometric analysis of the
residual alveolar ridges in Wistar rats.

Material and Methods: Both rat first lower molars were extracted and the right alveoli
were filled with particles of a bone matrix with mineral components (MO-UNC) (experi-
mental group, EG). The left alveoli were used as a control group (CG). The animals were
sacrificed at 0 hrs, 15, 30 and 60 days after extraction, and the samples were processed.
Histological sections were made at the level of the mesial alveolus of the first lower molar.
Repair of the alveoli was histologically evaluated and a histomorphometric study of total
alveolar volume (TAV), height of the buccal plate (Bh), height of the lingual plate (Lh)
and percentage of osseointegration (Ol) of the particles was performed to compare the
residual ridges of CG with those of the EG. Statistical analysis of the data was performed.
Results: In the cases of the experimental group, newly-formed bone tissue was identi-
fied around the MO-UNC particles (osseointegration). Histomorphometric data indicate
that, at 60 days post-extraction, TAV was significantly greater for EG when compared
with CG (p<0.05) and the percentage of osseointegration of the particles increased as a
function of time (57.6 %, 90.5% y 95.5%, for EG at 15, 30 y 60 days respectively).
Conclusions: The bone matrix (MO-UNC) evaluated in this study is an osteoconductive
material that prevents the collapse of post-extraction alveolar bone.

Key words: Bone transplantation. Alveolar ridges preservation. Post-extraction alveoli.
Osteoconductive materials.
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Introduction

In dental practice, knowledge of bone tis-
sue is of fundamental importance becau-
se the practitioner must deal on a daily
basis with injuries and treatments that
directly or indirectly affect the maxillary
bones. Such dental processes as abs-
cesses, cysts, tumours, trauma or simply
the inevitable post-extraction atrophy can
cause severe bone loss, with great de-
crease of the vertical dimension.

After tooth extraction, the healing of the
alveolar bone includes clot formation and
maturation, and, at the final repair, alter-
nated phenomena of bone apposition and
resorption take place % In general, it is
suggested that the ridges of the alveoli
collapse and bone volume decreases in
the late stages of alveolar healing +*

In an attempt to preserve the height and
volume of alveolar ridges, recent research
has focused on different filling materials
and the reactions that they promote in-
side tissues. Biomaterial-induced bone
repair starts with the proliferation of capi-
llaries (angiogenesis) and mesenchymal
cell proliferation, which run between inter-
particle spaces. Differentiated cells of the
osteoblastic lineage invade the area and
usually attach to the particle surface for
osteoid matrix secretion that later minera-
lizes 34,

Some of the options for bone fillings °
are: a) autologous or autogenous grafts,
(e.g. autologous bone); b) homologous or
allogeneic grafts or allografts, (e.g. freeze
dried bone allograft (FDBA) and demine-
ralized freeze-dried bone allograft (DFD-
BA), also called demineralized bone ma-
trix); c) heterologous grafts or xenografts,
(e.g. deproteinized bovine bone mineral
- DBBM, Bio-Oss®, Giestlich Pharma);
and d) alloplastic or synthetic grafts, e.g.
bioactive glass and tricalcium phospha-
te. All these materials, can mediate new
bone formation by one/some of these pro-
cesses: osteogenesis, osteoconduction
and/or osteoinduction & 7101

In the references, the autologous bone
graft is generally considered as the gold
standard '>'* because it retains both cell
vitality and bioactive molecules, such as
bone morphogenetic protein (BMP). Also,
auto-grafts revascularize easily and do
not transmit diseases. However, obtaining
it requires a second surgical procedure at
a donor site, with the consequent risk of
postoperative complications 56, For this
reason, the use of substitute materials
from human bone banks has increased,
and those most often used in the clinic
are FDBA and DFDBA & 1618 |n this sense,
our work group recently conducted a stu-
dy on the repair of alveoli at 30 days post-
extraction 19 using allograft particles, the
bone matrix developed at Cérdoba Natio-
nal University (MO-UNC). We concluded
that the presence of these particles did
not interfere with the habitual repair of the
post-extraction alveolus. During the study
period, the MO-UNC integrated compa-
tibly with the newly formed bone. It was
also established that particle shapes and
dimensions (535.42 ym) were appropria-
te and within the parameters described in
other studies, which suggest that the best
osteogenic effects occur with specific si-
zes ranging from 125 to 1000 pym -2
Having demonstrated that MO-UNC acts
as a biocompatible and osteoconductive
material, we think that this material could
accelerate bone formation and favour the
preservation of the volume of post-extrac-
tion alveolar bone.

In this sense, the aim of the present stu-
dy was to evaluate morphologically and
histomorphometrically the effect of the
bone matrix (MO-UNC) in the process of
post-extraction alveolar repair at different
experimental time points.

Material and Methods
Filling material features
The bone matrix developed at Cérdoba
National University, is human bone tissue
for therapeutic use from the Bone Bank
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at Cordoba Hospital, authorized by the
Unique National Coordinating Central
Institute of Ablation and Implant (Instituto
Nacional Central Unico Coordinador de
Ablacion e Implante, INCUCAI) from Ar-
gentina. In the Human Tissue Processing
Plant, cortical portion of the long bones
from cadaveric donors is selected. The
bone is processed in aseptic areas, lyo-
philized, ground and sterilized by gamma
radiation. The final bone particles (Figure
1) has been authorized by Argentina’s Na-
tional Medication, Food and Medical Te-
chnology Administration (Administracion
Nacional de Medicamentos Alimentos y
Tecnologia Médica, ANMAT) and registe-
red as medical product (humber 1007/1-2)
Surgical Procedure

Figure 1

Forty male Wistar rats weighing 80 g (+
10, body weight) were used and kept in
biotery. Rats received a balanced diet and
water ad-libitum. In all cases, strict con-
trols were carried out to reduce any pain
or discomfort in the laboratory animals,
complying with the standards of the Natio-
nal Institute of Health (NIH Publication No.
8523 rev 1985). The experimental work
protocol was approved by the Commit-
tee of Research Bioethics of the Faculty
of Medical Science at Cordoba National
University.

The animals were anesthetized with Ke-
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tamine solution (8 mg/100 g body weight;
Ketamine Zoovet®, Lab. Zoovet, Argen-
tina) and Xylazine (1.28 mg/100 g body
weight; Sedomin®, Lab Kdénig SA, Argen-
tina).

Molar extraction procedures in the rat
were carried out following the methodolo-
gy described by Guglielmotti and Cabrini
1. A special examination table was desig-
ned to immobilize the animals and both
first molars were extracted (Figure 2). Af-
ter extraction, the right alveoli were filled
with 0.2 cm3 of MO-UNC particles (Expe-
rimental Group, EG), while the left alveoli
were left unfilled (Control Group, CG).
The animals were separated into four (4)
groups (n=10 each group) and, sacrificed
at 0 h, 15, 30 and 60 days post-extraction
respectively. The hemi-maxillaries were
resected and fixed in a 10%, PH 7 forma-
lin fixing solution for 24 hours. All the sam-
ples were X-rayed, demineralized and
embedded in paraffin. Vestibulo-lingual
cross sections were made at the level of
the mesial alveolus of the first lower molar
for microscopic study with hematoxylin-
eosin stain.

Figure 2

Analysis

A descriptive analysis was made of the
presence of MO-UNC particles in the al-
veoli and the neo-formation of bone tissue
in direct relation to them (osseointegra-
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tion), at the different time points studied.
Histomorphometric analyses were perfor-
med using image analysis software (Ima-
ge Pro-Plus 4.5). A comparison of the total
alveolar volume (TAV), height of the buccal
plate (Bh), height of the lingual plate (Lh)
and percentage of osseointegration (Ol)
of particles, was made between EG and
CG at each experimental time point. For
the measurements (Figure 3), a tangent
line was drawn to the most salient point
of the buccal plate (line t) and another line
perpendicular to t, passing through the
upper edge of the lower dental nerve ca-
nal (line a). The whole bone tissue with its
bone marrow spaces, located above line
a, was considered as TAV. To define Bh
and Lh, the highest points in the buccal
and lingual plates respectively were mar-
ked. Lines were drawn from these points
to the intersection with line a, leaving lines
B and L demarcated. For the assessment
of Ol the perimeter of each particle was
marked and the amount of new bone in
close contact to its surface was measu-
red. Data were statistically analyzed by
nonparametric ANOVA (Kruskall Wallis
test), setting p< 0.05 for statistically signi-
ficant differences.

Figure 3

Results

Histological analysis of EG and CG, at
each experimental time point.

0 hours: in the CG, the preparations
showed the alveoli fully occupied by clot
and remnants of periodontal ligament.
In the EG, bone particles are arranged
within the alveolus leaving wide spaces
between them and the alveolar bone (Fi-

gure 4).

15 days: in the controls, newly-formed
bone of the reticular type was observed
in the apical third of the alveoli. In the EG
there was also formation of reticular bone
tissue and recently synthesized bone was
seen around the MO-UNC grafted part-
cles.

Figure 4

30 days: in the CG, the alveoli were com-
pletely occupied by lamellar, homogenous
bone, similar to the adjacent cortical bone.
In the EG, reparative bone tissue of the
lamellar type was observed, as well as
bone matrix particles filling the alveolus.
The newly-formed bone had closely atta
ched to the surface of the particles: os
seointegration (Figures 5 and 6).

60 days: in the CG, the margins of the
alveolar ridge had definitively remode-
lled. In the EG, the alveoli were occupied
by particles completely surrounded by
newly-formed (osseointegrated) bone, of
the lamellar type (Figure 7). In some ca-
ses, the surface of the particles showed
lacunae, indicative of bone resorption.
Histomorphometric analysis of alveolar
ridges

The most significant histomorphometric
values are presented in Tables 1 and 2.
Bh and Lh: when comparing the heights of
the vestibular and lingual plates between
the control and experimental groups, no
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statistically significant differences were
found at any of the time points studied.
TAV: At 530 and at 60 days, the TAV va-
lues were greater for EG than for the
respective CG. However the differences
were statistically significant only at 60
days post-surgery (Table 1).

Percentage of ossointegration (Ol): When
analyzing the cases treated with MO-UNC
(EG), at the different times of the study
(15, 30 and 60 days), statistical analysis
showed that Ol of the particles increased
as a function of time (Table 2).

Discussion:

This experimental study of post-extraction
alveolar repair aims to clarify some as-
pects about the biological effect of a new

allograft based on freeze-dried human
bone, the bone matrix developed at Cor-
doba National University, (MO-UNC).

The first alternative to auto-grafts are
the substitutes from human tissue banks
(allografts) which have mineral content
(FDBA) or are demineralised (DFDBA).
Another alternative are xenografts and,
among them, the one which has been wi-
dely reported in the scientific literature, is
the bone of bovine origin (DBBM) ""'. A
recent literature review concluded that a
lack of available scientific data hampers
to make clear recommendations on the
choice of a specific material for bone re-
generation 2" This is probably due to con-
troversies over experimental methodolo-
gies and the interpretation of the results 2

. Control Group Experimental Group . Control Group Experimental Group
Time P Time P
(CG) (EG) (CG) (EG)
15 days 2.51£0.37 2.82+0.8 p=0.05 15 days 2.51+0.37 2.82+0.8 p=0.05
30 days 2.57+0.57 2.76+0.46 p=0.058 30 days 2.57+0.57 2.76+0.46 p=0.05
60 days 2.45 £0.43 3.40x0.38 p=0.05* 60 days 245 £0.43 3.40+0.38 p=0.05*

Table 1. TAV values between CG and EG (expressed
in mm2) at the different experimental time points.
Note the statistically significant differences at 60
days post-extraction.

Table 2. Percentage of Ol of the particles at the di-
fferent EG study time points. The increase in this
parameter is significant as a function of time.
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A comparative controlled study suggests
that some filling procedures may limit, but
not eliminate, the resorption of the alveo-
lar ridge .

Our experimental work clearly shows that
the material used osseointegrated to the
cicatricial bone of the post-extraction al-
veolus at all the time points studied (Oh,
15, 30 and 60 days). In no case did the
particles implanted interfere with the usual
repair of the alveolus and, moreover, the
MO-UNC served as an appropriate physi-
cal matrix for the apposition of new bone
(osteoconduction). These results match
those of Urist '®and Glowacki 2*, who ar-
gue that filling non-critical bone defects
with biomaterials demonstrates the os-
teocompatibility and osteoconductivity of
bone substitute materials. Histomorpho-
metric data of the present study show no
significant statistical differences in the
heights of the buccal and lingual plates
when comparing the experimental group
with controls. At the 15, 30 and 60 days
studied, the total alveolar volume (TAV)
was higher in the alveoli treated with MO-
UNC, compared with controls, but the di-
fferences were statistically significant only
at 60 days post-extraction. This seems to
indicate that the filling used may promote
bone modeling of the alveolus and pre-
vent the long-term contraction of the mar-
ginal ridge, which is consistent with other
studies in which bone fillings were used
alone or combined with osseointegrated
implants 2%121421.24 \We also obtained
histomorphometric data of the percen-
tage of osseointegration of the particles.
This was seen to increase as a function
of the times studied and, at 60 days (EG),
reached more than 95% coverage of the
particles with newly-formed bone, values
comparatively higher than the ones repor-
ted by Carmagnola et al '8,

At 60 days post-surgery, we microsco-
pically observed lacunae and irregular
areas on the surface of the particles of
MO-UNC in the experimental group. We

infer that this may be related to a pheno-
menon of resorption of the material at this
advanced stage of repair of the alveolus.
Thus, we suggest that the grafted material
is biocompatible because, as described
previously, biomaterials must meet the
requirement of being degraded progressi-
vely within the tissues .

Other studies % % reported that placing
certain type of filling particles produces
a delay in bone repair. This delay is at-
tributed to a foreign body reaction after
implantation of the particles, which were
surrounded by multinucleated cells and
inflammatory tissue. In our study, there
were neither inflammatory phenomena
nor delay in bone remodelling at any of
the time points studied.

The histomorphometric data of total al-
veolar volume, comparing CG and EG,
suggest that MO-UNC promotes conser-
vation of the alveolar ridge post-extraction.
The results obtained using this animal mo-
del might provide data of interest about
the behaviour of biomaterials in bone tis-
sue that can be applied in clinical practice.
We believe that more studies should be
made to determine the course of the par-
ticles over longer time periods.

Conclusiéns

In view of the results obtained in this study
and considering the limitations of the mo-
del used, we suggest that:

Bone matrix-UNC (MO-UNC) does not
interfere with the process of repair of the
post-extraction alveolus and the parti-
cles osseointegrate to the newly-formed
bone.

This type of filling prevents the collapse of
the post-extraction bone ridge.

The percentage of osseointegration of
MO-UNC particles in post-extraction al-
veoli increases as a function of the time.
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