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Demineralized bone matrix (DBM) is often used to treat bone defects due to its osteoinductive and
osteoconductive properties. The aim of this work is to evaluate the characteristics and evolution of the
repair of experimental radial orthopaedic bone defects treated with DBM. DBM was prepared from
rabbit bone obtained from cadavers, which were fragmented, defatted, demineralized and preserved in
alcohol. Ten New Zealand rabbits were used. Critical size defects were created in one of the radiuses.
The defects of 8 rabbits were filled with DBM while the other 2 rabbits did not receive any treatment.
Each rabbit was radiologically followed at 15, 25, 40, 60 and 90 days. The untreated animals did not
show presence of new bone in relation to the defect, whereas the DBM-treated defects were com-
pletely filled at day 90. The presence of new bone was evident from day 15 onward until the entire
defect was repaired. The production of bone at each post operative period was statistically significant
(P<0.0001) between the control examinations on days 15, 25 and 40, while at post operative days 60
and 90 there was no significant difference (P>0.05). The pattern of defects’ repair started with pres-
ence of new bone at the extremes of defects and continued towards their centre.
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INTRODUCTION

Demineralized bone matrix (DBM) is
used in veterinary orthopaedic surgery to
treat bone defects, comminuted fractures,
osteotomy and arthrodesis (Hoffer et al.,
2008; Chow & Balfour, 2012; Fitzpatrick
et al., 2012; Coggeshall et al, 2014).

DBM is a biomaterial, which revascula-
rises rapidly (Parikh, 2002) and has os-
teoinductive (Shen et al., 2010) and os-
teoconductive properties (Oakes et al.,
2003). The osteoinductive potential gene-
rates mesenchymal cell chemotaxis and
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induces differentiation into osteoblastic
progeny cells (Chakkalakal et al., 2001).
DBM is osteoinductive due to the pre-
sence of bone morphogenetic protein
(BMP) (Bessa et al., 2008), growth trans-
forming factor f (Honsawek & Dhitiseith,
2005), osteocalcin and osteopontin (Davis
et al., 2008; Yu et al., 2014) which regu-
late the formation of endochondral bone
(Honsawek et al., 2005), even when im-
planted in an extra skeletal form (Ripa-
monti, 2009). On the other hand the osteo-
conductive property is due to the presence
of type I collagen which constitutes the ex-
tracellular matrix (Ludwig & Boden, 1999).

The absence of structural resistance
(Iwata et al., 2002) and the significant va-
riability of the obtained results, which are
attributable to the donor source (Pietrzak
et al., 2005) are some of the advantages of
the DBM.

The bone demineralisation process
with 0.6N hydrochloric acid causes a
slight alteration of the bone architecture
(Figueiredo et al., 2011) decreasing the
antigenic reactions and allowing the
growth factors to be exposed to the site of
the graft (Riley ef al., 1996).

DBM stimulates osteoinduction by
endochondral ossification processes simi-
lar to those occurring in the embryo and in
the repair of fractures in adults (Le Geros,
1991).

Radiology is the diagnostic technique
most often used to evaluate the repair of
flat, long bones defects treated with vari-
ous substitutes including DBM (Bigham
et al., 2008; El-Daharawy et al., 2010;
Ungor, 2012).

The aim of this paper is to describe the
characteristics of the evolution of the
process of repair of experimental ortho-
paedic segmental defects of critical size in
rabbits treated with DBM and evaluated
by means of radiological monitoring.
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MATERIALS AND METHODS

Experimental animals

The experiments were performed accor-
ding to the ethical standards of care of the
Faculty of Veterinary Science, National
University of La Pampa, Argentina. Ten
(10) sexually mature male and female
rabbits were used, which were divided
into treatment group (TG; n=8), and cont-
rol group (CG; n=2). The animals were
kept in individual cages, fed a balanced
formula and water ad libitum. After a
period of habituation to the housing con-
ditions the surgical interventions were
carried out.

Experimental design

The rabbits were prepared for surgery
under aseptic conditions. The animals
were sedated with 0.1 mg/kg of diazepam
(Diazepam®, Lab Zoovet, Argentina),
0.01 mg/kg IM acepromazine (Acedan®,
Lab Holliday, Argentina) and anesthetised
with 40 mg/kg IM ketamine (ketamina
50®, Lab Holliday, Argentina). Additio-
nally, regional analgesia was performed
on the right thoracic limb by blocking the
brachial plexus. The incision was made on
the skin and subcutaneous tissue on the
dorsal aspect of the forelimb and the
extensor muscles of the region were
dissected to expose the middle third of the
shaft of the radius. Osteotomy was
performed to create a defect of critical
size (Sharifi et al.,, 2012). A critical size
defect is one that due to its minimum
dimensions does not heal spontaneously
during the animal’s life (McBride et al.,
1993). Its size is equivalent to 2 times the
diameter of the shaft (Hollinger &
Kleinschmidt, 1990). The size correspon-
ding to each rabbit’s defect is listed in
Table 1. The bone defects of TG rabbits
were filled with DBM while the CG
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Table 1. Length of the radius and dimensions of the critical segmental defects (length and surface

area)
Rabbit Radial length Defect length Defect length / radius Defect area
No. (mm) (mm) length ratio (mm?)
Treatment group
1 69 8.23 11.92% 27 109
2 70 8.38 11.97% 37 581
3 69 7.75 11.23% 22 380
4 70 8.19 11.70% 32 148
5 72 7.96 11.05% 32700
6 66 9.58 14.51% 26 440
7 70 8.99 12.84% 26953
8 70 9.80 14.00% 24 490
Control group
1 70 8.43 12.05% 31783
2 70 9.22 13.17% 27 240

rabbits received no treatment. The limbs
did not receive orthopaedic stabilisation.
The extensor muscles were sutured with
simple interrupted suture using polyglac-
tin (Vicryl®), the subcutaneous tissue and
skin were sutured routinely. The rabbits
received 1,000,000 IU benzylpenicillin
and dihydrostreptomycin (Dipenisol®,
Bayer Lab, Argentina) and a nonsteroidal
antiinflammatory drug (Ketofen 0.1 mg/kg
(Kalmavet®, Lab Vetanco, Argentina) for
3-5 days.

DBM preparation

DBM was obtained from adult rabbits’
cadavers by preparing the long bones
under aseptic conditions. The shafts were
fragmented into pieces of 6—7 mm and
washed with abundant distilled water at
4 °C to remove the greatest amount of or-
ganic waste. The fragments were sub-
jected to grinding to obtain particles of
about 74-420 um. The ground bone re-
mained 8 hours in chloroform-methanol
mixture (1:1) with continuous agitation to
facilitate the separation of lipids. Lipid-
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free bone was demineralized by submer-
ging it in a solution of 0.6N hydrochloric
acid (HCl) (25 meq HCl per 1 g bone) for
18 hours with continuous agitation and
periodic replacement of the acidic solu-
tion. The material was filtered through
Warthman No.l paper and washed with
distilled water at 4 °C to remove excess
acid and to stabilize the pH of the solu-
tion.

Radiological evaluation

Radiological follow-up was performed on
the operated limbs at 15, 25, 40, 60 and
90 days post-surgery. Each member was
x-rayed with the animal in lateral decu-
bitus position in lateral-medial view. Each
radiograph was photographed with a 12
megapixel Kodak® digital camera. The
photographs were analysed with the soft-
ware Image J version 1.46r (Wayne Ras-
band National Institutes of Health, USA).
Once the photographs were uploaded, the
software tools were used to measure the
surface and linear length of the defects,
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the surface occupied by the new bone to
assess the evolution of defects’ repair.

Statistical analysis

The data obtained with the Imagel soft-
ware were processed with the software
Infostat (UCA, Argentina) to perform a
descriptive statistical analysis, ANOVA
and Fisher's LSD test.

RESULTS

None of the animals had complications as
a result of the interventions or suffered
from inflammatory oedema or fluid drai-
nage of the operated limb. The rabbits
made functional use of the operated limb
24 to 48 hours postoperatively.

The radiographic analysis showed that
the radius had an average length of
69.6+1.51 mm; the defects — 8.65+0.70
mm and their surface was 28.88+4.55
mm’. The relative ratio of the length of
the defects to the length of the radius was
12.44+1.15% (Table 1). The treated de-
fects healed after 90 days, whereas control
rabbits not only showed no repair but also
exhibited atrophy on the osteotomies
extremes with sharpening of the bone in
the same period of time (Fig. 1).

At the 15™ day post-surgery, periosteal
reaction and new bone growth from both
ends was observed. The images of that
new bone had a slightly triangular shape
oriented towards the centre of the defects,
and at post operative day 25 these shapes
were fused together and to the cortex
immediate to the ulna. Between days 40
and 60, the new bone occupied the entire
defect and by the 90" day the image
represented the remodelling of the peri-
osteum (Fig. 2).

By the 15" day the new bone occupied
6.43+1.51 mm’ of the defect, equivalent to
22.47% of its surface. By the 25" day, the
bone stretched along 9.94+1.64 mm’, that
is, 34.97% of the defects. By post surgery
day 40, 18.18+2.96 mm’ were filled, or
63.45% of the surface of the defects. Sixty
days after the operation, the amount of
bone comprised 26.62+7.08 mm? (88.33%
of the defect). Finally, by the 90" day, the
defects contained 28.72+5.00 mm’ new
bone, 100% of the defect (Table 2).

The relative amount of bone quantified
on the basis of surface defects at the 15™
day was 22.48% (min: 15.76; max:
28.48), at the 25" day: 34.97% (min:
30.71; max: 48.45), at day 40: 63.45%
(min: 60.56; max: 71.75). At post opera-
tive day 60 the amount of bone was

Fig. 1. Radiological latero-medial view of the radius in one of control rabbits. The defect was not
repaired and the extremes of the defect were atrophied.
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Fig. 2. Radiological control examinations of the radius in one of treated rabbits, which shows the
evolution of the defect repair at post operative day 15 (A), day 25 (B), day 40 (C) and day 90 (D).

88.83% (min: 80.02; max: 99.05) and at
day 90 — the presence of bone relative to
the defect was 100%, although the bone
reaction promoted by the periosteum ge-
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nerated bony calluses which added bone
volume to the region.

Statistical analysis of the results indi-
cated significant differences between the
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Table 2. Amount of bone formed in each radiological control examination (mean+ SD)

Post operative period

Mean surface

Relative surface

Day 15 6.43 +£1.51 22.47%
Day 25 9.94+1.64 34.97%
Day 40 18.18 £2.96 63.45%
Day 60 26.62 +7.08 88.33%
Day 90 28.72 +£5.00 100.00%

control examinations performed at days
15, 25 and 40, while the measurements on
days 60 and 90 days did not differ sig-
nificantly (P>0.05).

DISCUSSION

The repair and the immediate recovery of
the functional use of the limb confirmed
that the experimental model did not
require internal or external fixation sys-
tems to stabilise the limb. The selected
model avoided the use of fastening means
that could have interfered with the healing
process. All the experimental defects
treated with DBM were cured, thus sur-
passing the previously reported rates of
60—100% (Chakkalakal et al., 1999; 2001;
Ozdemir ef al., 2011). The ideal bone im-
plant should be osteoconductive, osteoin-
ductive, resorbable and radiolucent to per-
mit the radiological assessment of bone
formation and repair (Babis & Suocacos,
2005).

The amount of production of the new
bone which filled the defect was estab-
lished by quantifying the real relative sur-
face occupying the defect. Bone produc-
tion was recorded from the first control
and it increased until the last one.

DBM has the property of not being ra-
diologically visible (Pryor et al., 2009).
This characteristic allowed the identifi-
cation of presence of new bone and the
progress and evolution of the repair. The
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surface of the defect and the bone occupy-
ing it was established on each radiograph.
As regards the interpretation of results, the
authors determined the amount of new
bone in relation to the measured surface.

The beginning of the repair was evi-
dent in the examination carried out by the
15" day, in which the presence of new
bone in the interior of the defects was
observed. The produced bone had a trian-
gular shape which projected from both
osteotomies towards the centre of the de-
fect. In this first stage, the amount of bone
was equivalent to 22.47% of the total sur-
face of the defect. In the study carried out
at post operative day 25, both shapes in-
creased until they made contact and fused.
During this period the amount of bone
observed in the radiographs represented
63.45% of the surface of the defect. By
the 90™ day, the production of bone was
100%. Bone production was significant at
days 15, 30 and 60 days (P<0.0001).
Between the 60™ and the 90™ day the pro-
duction of new bone for repair was not
significant (P>0.05).

Periosteal reaction in the cortical bone
immediate to the osteotomies of the defect
was observed by the 15™ day post-surgery,
changes which are similar to the repair of
fractures and small defects (Rahn, 2002).

In conclusion, the radiological evalua-
tion of the new bone production during
the repair of orthopedic critical defects
treated with demineralized bone matrix
followed a chronological sequence and
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became evident from the 15" day onward.
It began at the osteotomies’ ends and pro-
gressed to the centre of the defect until it
was filled completely at day 90. Defect
repair was significant between days 15
and 40 (p<0.0001). The timing and mode
of production suggested that radiolo-
gically the bone repair was produced by
osteoconduction mechanisms.
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