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Periodontal regeneration capacity of equine
particulate bone in canine alveolar bone defects
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Purpose: This study was performed to evaluate the periodontal wound healing effect of particulate equine bone mineral on
canine alveolar bone defects.

Methods: Twelve adult male beagle dogs were used as study subjects. The mandibular second and fourth premolars were ex-
tracted prior to the experimental surgery, and the extraction sites were allowed to heal for 8 weeks. After periodontal probing,
two-walled defects were created at the mesial and distal sides of the mandibular third premolars bilaterally, and the defects
were filled with equine particulate bone with collagen membrane or bovine particulate bone with collagen membrane, or col-
lagen membrane alone. The defects without any treatment served as negative controls. After probing depth measurement, ani-
mals were sacrificed at 10, 16, and 24 post-surgery weeks for micro-computed tomographic and histomorphometric analysis.
Results: The equine particulate bone-inserted group showed significantly decreased values of probing depth and first bone
contact compared to the negative control and collagen membrane alone groups at weeks 10, 16, and 24 (P<o0.05). There were no
significant differences in the new cementum length, newly-formed bone area, or newly-formed bone volume between equine
particulate bone- and bovine particulate bone-inserted groups, both of which showed significantly increased values compared
to the negative control and collagen membrane alone groups (P<0.05).

Conclusions: Equine particulate bone showed significant differences in probing depth, first bone contact, new cementum
length, newly formed bone area, and bone volume fraction values when compared to the negative control and collagen mem-
brane alone groups. There were no significant differences between equine and bovine particulate bone substitutes in these pa-
rameters; therefore, we can conclude that equine particulate bone is equivalent to bovine bone for periodontal regeneration.
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INTRODUCTION

Modern periodontal treatment modalities have evolved
from the repair into the regeneration of periodontal tissue.
Alveolar bone destruction is common with severe periodontal
disease and is a major cause of tooth loss. To promote bone
regeneration in alveolar bone defects around teeth that have

suffered from periodontal disease, several types of bone graft
materials have been introduced.

Autogenous bone grafts have been referred to as the gold
standard and have offered the greatest potential for success
in regenerative procedures [1]. This ensures osseous regener-
ation because it can bear osteogenic, osteoinductive, and os-
teoconductive properties associated with preosteoblastic cells
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residing in the graft [2,3]. It is, however, unfavorable to patients
and surgeons because it requires additional surgical sites and
also has several disadvantages including limited availability,
patient morbidity, and irregular resorption rate, which deter
general application in clinical practice [4-6]. Hence various al-
logenic bone substitutes have been developed as alternative
candidates for osteoblast migration and proliferation. They
still, however, have provoked the fear of disease transmission
[7). This possible shortcoming of allogenic grafts has led the
development of alternative graft materials including xeno-
grafts [4,3,9].

Deproteinized bovine hydroxyapatite has been documented
to be more effective than synthetic alloplasts for promoting
new bone formation [10]. Hence, bovine bone mineral has
been extensively studied and is widely used in clinics [11,12].
Despite the deproteinization process of bovine bone substi-
tute for preventing possible disease transmission, debate
continues over the outbreak of bovine spongiform encepha-
lopathy [13]. Therefore, a need is felt for an alternative type of
donor that does not have this risk.

Considering the safety of xenogenic material, an equine-de-
rived bone is proposed to be an alternative xenogenic bone
substitute material, which is seldom mentioned in the litera-
ture. The purpose of this study was to evaluate the bone re-
generative capacity of equine bone mineral on canine alveo-
lar bony defects.

MATERIALS AND METHODS

Experimental animals

Twelve adult male beagle dogs, weighing around 10 kg each,
were used as study subjects. The animals had intact dentition
with a healthy periodontium. Animal selection and manage-
ment, surgical protocol, and preparation followed guidelines
approved by the Institutional Animal Care and Use Commit-
tee of Seoul National University.

Surgical procedure

All surgical procedures were performed under general and
local anesthesia in sterile conditions with 2% xylazine hydro-
chloride (Rumpen, Bayer, Seoul, Korea)/ketamine hydrochlo-
ride (Ketalar, Yuhan, Seoul, Korea), and 2% lidocaine hydro-
chloride/epinephrine (1:100,000), respectively. The mandibu-
lar second and forth premolars were extracted prior to the
experimental surgery and the extraction sites were allowed
to heal for 8 weeks. Post extraction care included intramus-
cular administration of cefazoline sodium, at a dosage of 20
mg/kg (Cefazolin, Yuhan, Seoul, Korea). The extraction sites
and remaining dentition received daily oral prophylaxis using
0.2% chlorhexidine (Hexamedin, Bukwang Pharm., Seoul,
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Figure 1. Two-walled box-
type intrabony defects were
surgically created on the me-
sial and distal side of canine
mandibular third premolars
(A). After bone mineral was
insertion (B), flaps were su-
tured (C).

Korea) topical application.

The experimental surgery, which was performed after peri-
odontal probing, included elevation of the buccal and lingual
mucoperiosteal flaps to surgically create two-walled intrabony
defects at the mesial and distal sides of the mandibular third
premolars bilaterally. The defect, of which dimension was
5x5x5 mm (mesio-distal width xbucco-lingual width xdepth),
were created using round and fissure burs with sterile saline
coolant (Fig. 1). The defects were filled with equine particulate
bone (OCS-H, NIBEC, Seoul, Korea) with collagen membrane
(Bio-Gide, Geistlich Pharma AG, Wolhusen, Switzerland) or
bovine particulate bone (Bio-Oss, Geistlich Pharma AG, Wol-
husen, Switzerland) with collagen membrane, or collagen
membrane alone which was used to stabilize the grafted site.
The defects without any treatment served as negative con-
trols. Then the flaps were replaced in the original position
and sutured. For post-surgical care, cefazoline sodium at a
dosage of 20 mg/kg per day and daily topical application of
0.2% chlorhexidine (Hexamedin, Bukwang Pharm., Seoul,
Korea) were administered for infection control. The sutures
were removed 2 weeks after surgery. Experimental animals
were euthanized at 10, 16 and 24 post-surgical weeks after
measuring the periodontal probing depth.

Micro-computed tomography (micro-CT)

Mandibular block sections including the defect sites were
collected and images were obtained using a micro-CT ma-
chine (Skyscan 1172, Skyscan, Kontich, Belgium). The speci-
mens were arranged in a three-dimensional array not exceed-
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ing field-of-view dimensions in order to prevent truncation
artifacts. The images obtained were in three-dimensions with
an isotropic voxel size of 15x15x15 pum. The X-ray generator
was operated at an accelerated potential of 85 kV with a beam
current of 116 pA. The X-ray source combines with a two-di-
mension detector operation at 316 ms of a shutter speed. The
three-dimension volume viewer and analyzer software (CT-
analyzer, Skyscan, Kontich, Belgium) was used for quantifica-
tion of newly-formed bone volume (%).

Histological procedure

All specimens were dehydrated through a series of ethanol
solutions of increasing concentrations and embedded in me-
dia (Technovit 7200 VLC, Heraeus Kulzer, Wehrheim, Germa-
ny).

Coronal sections were sliced to bear a 30 um thickness with
a grinding machine (EXAKT cutting/grinding systems, EXAKT
Advanced Technologies GmbH, Norderstedt, Germany). The
sections were stained using toluidine blue. Microscopic ob-
servation was done under a light microscope (BX50, Olympus
Optical, Osaka, Japan).

Histomorphometric analysis

For the histomorphometric examination, photographs of
each slide were taken using a digital camera (DP71, Olympus
Optical, Osaka, Japan) and the resulting images were saved
on a computer. Computer-assisted histomorphometric mea-
surements of the newly-formed bone area percentage, new-
ly-formed cementum length, and first bone contact, which
was the length from the cementoenamel junction (CEJ) of the
designated tooth to the very top of the alveolar bone, were
obtained using an automated image analysis system (Scope
Eye, Techsantech Co., Seoul, Korea)

Statistical analysis
Means and standard deviations were calculated for all quan-
titative data. The collected data of each group was compared
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by Repeated Measures Analysis of Variance using statistical
software package (SPSS, SPSS Inc., Chicago, IL, USA). P<o0.05
was considered to be statically significant.

RESULTS

Probing depth

Probing pocket depth was measured at the proximal sites
of the mandibular third molar. There were no significant dif-
ferences among the baseline probing depth of each group.
As can be seen in Table 1, the equine particulate bone-insert-
ed group showed significant probing depth reduction com-
pared to the negative control and collagen membrane alone
groups (P<o.05). There was no significant difference between
the bovine bone group and equine bone group.

Histological findings

The alveolar bone defects were mainly filled with fibrous
tissues with little new bone formation in the negative control
and collagen membrane alone groups compared to the bone
substitute inserted groups (Fig. 2). The remaining collagen
membrane was not detected in these histologic sections, so
it had to have been completely resorbed during the healing
period. New cementum formation was evident in both of the
particulate bone-inserted groups compared to the control and
collagen membrane alone groups.

Histomorphometrical analysis

Fig. 3 revealed that the equine particulate bone-inserted
groups reached lower first bone contact values than the nega-
tive control and collagen membrane alone groups. The equine
particulate bone group showed 2.68+0.43 mm, 2.42+0.49 mm,
and 0.60+0.36 mm at week 10, 16, and 24, respectively. There
was a significant difference from the negative control or col-
lagen membrane alone group at all periods (P<o.05). There
was no significant difference in the first bone contact values
between the equine and bovine particulate bone groups. In

Probing pocket depth (mm) of each group (mean=+SD). Equine particulate bone showed a significantly low value compared to the
negative control and collagen membrane alone groups. There was no significant difference between the equine and bovine particulate

bone groups.

10 weeks 16 weeks 24 weeks
Groups . . ; ; . .
Baseline Final Baseline Final Baseline Final
Negative control 1.50+0.58 6.50+0.58 1.75+0.50 4.75+0.50 1.75+0.50 4.25+0.50
Collagen membrane 1.50+0.58 5.50+0.587 2.00+0.00 4.25+050° 2.50+0.58 3.25+0.50°
Bovine bone 1.25+0.50 3.75+0.50*" 1.75+050 3.00+0.00* 1.50+0.58 1.50+0.58*
Equine bone 1.50+0.58 3.75+0.50*" 1.50+0.58 2.75+0.50*" 2.00+0.00 2.25+0.50*"

3Statistically significantly different from negative control at the same period (P<0.05).

®Statistically significantly different from collagen membrane at the same period (P<0.05).
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Figure 2. Photomicrographs showing the defects at 10, 16, and 24 weeks. New cementum and bone formation was evident in both particu-
late bone substitute groups. (A) negative control group, (B) collagen membrane group, (C) bovine particulate bone group, and (D) equine par-

ticulate bone group (+ new bone;

Fig. 4, the new cementum length was the highest in the equine
particulate bone group, with values of 1.95+0.44 mm, 2.88+0.25
mm, and 3.99+0.37 mm at week 10, 16, and 24, respectively.
Statistical significance from the negative control existed at all
periods (P<o.05). At week 16 and 24, the equine particulate
bone group showed significant new cementum length com-
pared to the collagen membrane alone group (P<o0.05). There
is no significant difference in the new cementum length be-
tween the equine and bovine particulate bone groups. The
newly-formed bone percentage of the equine particulate bone
group was prominent, which was 32.05+6.84%, 43.99+9.92%,
and 52.99+8.98% at week 10, 16, and 24, respectively (Fig. 5).
The collagen membrane alone group showed a significantly
increased new bone formation percentage at week 10 and 16,
with values of 18.87+8.46% and 25.23+7.23%, respectively,
compared to the negative control (P<o.05). There was no sig-
nificant difference between the equine and bovine particu-
late bone groups.

new cementum; - bone substitutes ).

Micro-CT analysis

Micro-CT was acquired and analyzed for the bone volume
fraction of each group. While the negative control and colla-
gen membrane alone groups showed low values in all obser-
vation periods, the equine particulate bone-inserted group
showed the highest bone volume fraction, with values at
44.85+12.72%, 50.02+12.53%, and 61.25+15.84% at week 10, 16,
and 24, respectively. There was no significant difference be-
tween equine and bovine particulate bone groups, both of
which showed significant differences compared to the nega-
tive control and collagen membrane alone groups (P<0.05)

(Fig. 6).
DISCUSSION

Among the bone substitute materials, xenografts are widely
used because they have an adequate structure relative to the
component being replaced and do not compromise the pa-
tient’s remaining tissues [14,15]. It is previously reported that
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Figure 3. First bone contact (cementoenamel junction to alveolar
bone crest) by histomorphometric analysis. Bone mineral-inserted
groups showed significantly lower values than the negative control
and collagen membrane alone groups. Error bars represent standard
deviations.

their physical and chemical properties are similar to those of
human bone, so they provide an osteoconductive function
[16,17]. Among xenogenic bone substitutes, bovine-derived
bone replacement material has been extensively studied and
is commonly used in clinical circumstances [11,12,18]. Regard-
ing bovine-derived bone substitutes, however, safety concerns
still remain especially with the discovery of bovine spongi-
form encephalopathy [13]. Considering the safety of xenogen-
ic material, an equine-derived bone is proposed to be an al-
ternative xenogenic bone substitute material, which is rarely
reported. One study showed better physical properties of
equine block bone than deproteinized bovine block bone [19].
In that study, equine hydroxyapatite and collagen bone blocks
were adapted to the shape of the mandibular bone defects of
canines. There has been another report that onlay apposition
of equine bone blocks appeared to be biocompatible and to
be associated with new vessel ingrowth [20]. However, there
have been no studies on equine particulate bone substitute
as yet. This study is the first report on particulate bone sub-
stitutes of equine origin.

Periodontal tissue consists of soft and hard tissue compo-
nents including gingival epithelium, connective tissues, ce-
mentum, and alveolar bone. Periodontal regeneration is hard
to achieve because conventional periodontal treatments of-
ten result in repair by apical migration of gingival epithelium
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Figure 4. New cementum length (mm) by histomorphometric anal-
ysis. Both of the bone mineral-inserted groups showed significantly
higher values compared to the negative control and collagen mem-
brane alone groups. Error bars represent standard deviations.

between the connective tissue and the root surface [21]. In or-
der to regenerate periodontal tissue, the periodontal ligament
must attach to the cementum of the tooth while alveolar bone
cells proliferate and promote bone formation. For this pur-
pose, we additionally used collagen membranes instead of
the bone substitutes alone, the latter of which is not recom-
mended because of the lack of new attachment [22,23]. The
possible reason for the appearance of new cementum in the
groups with collagen membrane with or without particulate
bones can be explained by supplementary use of collagen
membrane.

To evaluate the amount of new periodontal attachment, we
measured the probing pocket depth just before surgery and
before sacrifice. Equine particulate bone, along with bovine
particulate bone, showed significantly decreased probing
depth compared to the negative control and collagen mem-
brane alone groups. This is an expected result, considering a
previous report that the additional use of bone substitutes
with membrane resulted in probing depth reduction [24].

The other parameters for periodontal regeneration were
examined by quantitative methods in this study. First bone
contact, which is the length between the CEJ and the alveolar
bone crest, was adopted to confirm whether the probing depth
reduction resulted from the alveolar bone formation or con-
nective tissue attachment. In our findings, both particulate
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Figure 5. Newly formed bone area by histomorphometric analysis.
Both bone mineral-inserted groups showed significantly higher
bone formation compared to the negative control and collagen
membrane alone groups. Error bars represent standard deviations.

bone-inserted groups showed significantly decreased value
in this parameter, which confirmed that the probing depth
reduction our experiment was mainly due to the alveolar
bone regeneration by the bone substitutes. Probing depth
reduction might be facilitated by cementum regeneration
also, which was evaluated as new cementum length. New ce-
mentum length of the equine particulate bone group showed
prominent figures, which is another possible explanation for
the probing depth reduction in our study.

For quantitative determination of periodontal bone forma-
tion, we used both two-dimensional and three-dimensional
methods, i.e. measuring newly formed bone area by histo-
morphometry and bone volume fraction by micro-CT analy-
sis. It has been reported that the structural differences by mi-
cro-CT analysis could provide a more accurate assessment in
bone regeneration [25-28]. There was consistency in our two-
dimensional and three-dimensional results, which showed
that equine particulate bone is equivalent to bovine particu-
late bone in periodontal bone regeneration. Comparing to
the control and collagen membrane groups, both bone sub-
stitute groups showed significantly increased bone formation
values.

In conclusion, both equine bone and bovine bone mineral-
inserted groups showed significant differences in probing
depth, first bone contact, new cementum length, newly
formed bone area, and bone volume fraction values compared
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Figure 6. Bone volume fraction (%) of each group. Both bone min-
eral-inserted groups showed significantly higher bone volume frac-
tions than the negative control and collagen membrane alone
groups (P<0.05). Error bars represent standard deviations.

to the negative control and collagen membrane alone groups.
There were no significant differences between equine bone
and bovine bone in those parameters; therefore, we can con-
clude that equine particulate bone substitute is equivalent to
the bovine counterpart within the limits of this study.
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