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Evaluation of Porcine Hybrid Bone Block
for Bone Grafting in Dentistry
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Abstract. Background/Aim: The purpose of this study was

to develop hybrid bone blocks using porcine-derived collagen
and low crystalline porcine-derived hydroxyapatite to
overcome the disadvantages of commonly used bone grafts in
dentistry. Materials and Methods: Collagen was added to
hydroxyapatite particles to increase the spatial integration of
particulate bone grafts. Physicochemical examination and in
vivo tests were performed to analyze scaffold’s characteristics
and evaluate bone regeneration. Results: Porcine hybrid bone
block had an irregular and interconnecting macroporous
structure that was adequate for bone regeneration and bone
ingrowth, and showed a good space-occupying ability to
become well positioned. In addition, it showed higher
angiogenesis and biodegradability than Bio-Oss Collagen®,
a commercialized bone graft used in dental clinics.
Conclusion: Our results suggest that improved collagen
hybrid bone block can be generated when porcine cancellous
bone particles and collagen were reasonably mixed. This
hybrid bone block was easy in handling had flexibility, good
biodegradability and provided bone regeneration.

Bone graft materials are necessary to fill large bone defects
in dentistry. Among the various types of bone grafts, the
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particle type is commonly used because it enables dense
packing in an intraosseous defect with irregular forms (1).
However, particulate bone grafts are susceptible to external
compressive force and are not easy to be well localized
within the defect. Hence, a barrier membrane is required to
maintain the grafted particulate bone within the defect and
prevent collapse of the site. Because the use of a barrier
membrane increases costs and operation time, bone
substitutes that can be adjusted in the bone defect without a
membrane should be developed (2).
A combination of organic components such as collagen
and inorganic particles is a promising strategy for ideal bone
grafting because collagen and hydroxyapatite are the main
components of bone (3). Collagen is the most abundant
protein in mammals, and provides structural and mechanical
support to tissues with good biodegradability and
biocompatibility (4). Collagen has been widely used as a
scaffold in medical applications and tissue engineering, such
as for skin and vascular grafts, hemostats, adhesives, and
drug delivery (5). Despite its excellent biological properties,
collagen has poor mechanical strength and must be crosslinked by physical or chemical treatments, or combined with
other polymers or inorganic materials.
Bio-Oss Collagen® (BC) shows enhanced handling
characteristics and provides good hemostatic properties by
mixing 90% Geistlich Bio-Oss® granules with 10% porcine
collagen. Several preclinical and clinical studies have shown
that Bio-Oss Collagen® exhibits favorable osteoconductivity
and space-making properties. However, Bio-Oss® granules
tend to be absorbed very slowly and remain in the new bone
tissue. Moreover, the use of bovine-derived materials such
as Bio-Oss Collagen® poses a risk of bovine spongiform
encephalopathy (BSE).
The aim of the present study was to develop porcine
hybrid bone block (PHBB) with characteristics such as easy
handling, flexibility, good biodegradability and free from
BSE. To confirm the clinical efficacy of the PHBB, we
compared bone regeneration and biodegradability of PHBB
with those of BC.
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Preparation of porcine hybrid bone block. Type I collagen was
extracted from porcine skin. Briefly, the porcine dermis
homogenized with pepsin and 0.5 M acetic acid was incubated for
24 h at 4˚C. The insoluble parts were removed and salted out with
5 M NaCl. Pellets were obtained by centrifugation and dialyzed
against distilled water for 24 h. The pure collagen was freeze dried
for 3 days.
Porcine cancellous bone was trimmed and cut into pieces.
Cancellous bones were defatted with toluene and deproteinized with
ethylenediamine. The resultants were subjected to heat treatment at
350˚C.
The extracted porcine type I collagen was dissolved in 0.05 M
acetic acid and adjusted to pH 5±0.5 with 1 M NaOH. The collagen
solution was cross-linked with 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide and its core agent N-hydroxysuccinimide (both SigmaAldrich, St. Louis, MO, USA) and then dialyzed against distilled
water for 24 h.
The cross-linked collagen solution was mixed to porcine
cancellous bone particles (250-850 μm) at a ratio of 1:9 (w/w) and
freeze-dried for 2 days (PHBB).
Both BC and PHBB were prepared in the shape of a disc of
diameter 8 mm, weighing 25 mg. The discs were sterilized with
ethylene oxide gas and aerated for animal studies.

Characterization of PHBB. BC and PHBB were imaged by lowvoltage scanning electron microscopy (LV-SEM, JEOL, Tokyo,
Japan) to compare their surface morphology.
Chemical characterization of PHBB was carried out by obtaining
infrared spectra of BC, PHBB, porcine cancellous bone, and type I
collagen using ATR-FTIR spectroscopy (Bruker TENSOR 37,
Bruker AXS. Inc., Germany). The transmission and ATR spectra of
each sample were recorded from 4,000 and 600 cm–1 with 64 scans
at a resolution of 4 cm–1.
The evaluation of mechanical properties of PHBB was performed
at room temperature with a texture analyzer (TMS-Pro, Food
Technology Corporation, Sterling, VA, USA). BC and PHBB
samples (4×6×7 mm) were immersed in PBS for hydration for 1 h,
and then loaded in uniaxial compression at a displacement rate of
10 mm/min to achieve compression of ~50% of the original sample
height. Moreover, flexibility of the PHBB was evaluated by
checking resilience of the wet sample after the removal of
compression.

Animals. Eight-week-old male Sprague-Dawley rats (weighing 250–
280 g, SamTako, Osan, Korea) were used in this study. Animals
were housed in polycarbonate cages and kept under standard
conditions (23±2˚C, 50±10% humidity, 12/12 light-dark cycle, with
access to water and food ad libitum). The animal care and surgical
protocol were approved by the Institutional Animal Care and Use
Committee of Chonnam National University and carried out in
accordance with the Guidelines for Animal Experiments of
Chonnam National University (CNU IACUC-YB-R-2016-42).

Animal surgery. Animals were anesthetized using 10 mg/kg xylazine
(Rompun, Bayer, Leverkusen, Germany) and 40 mg/kg ketamine
(Ketamine, Yuhan Co., Seoul, Korea) by intraperitoneal injection.
The parietal region of rats was shaved and disinfected with 10%
povidone-iodine and 70% EtOH, and then the cranium was exposed

1420

by incision of the skin and periosteum. An 8-mm critical sized
calvarial defect was created using a trephine bur, and then BC or
PHBB was grafted into the defect site. The periosteum was closed
using 4-0 absorbable sutures (Surgisorb®, Samyang, Seoul, Korea),
and then 3-0 non-absorbable sutures (Dafilon®, B.Braun,
Melsungen, Germany) were used to close the skin. Five animals in
each group were sacrificed by CO2 at 4 and 8 weeks after operation.
Micro-CT analysis. After harvesting the cranium of rats, microcomputed tomography (CT) scanning was conducted using the
Skyscan 1172 Desktop X-ray microtomograph (Bruker, Billerica,
MA, USA) at 50 kVp and 200 μA to evaluate bone mineral density
and bone volume of the scaffolds before and after implantation.

Histological analysis. Specimens were fixed with 10% buffered
formalin and decalcified with Calci-Clear™ Rapid (National
Diagnostics, Atlanta, GA, USA). Samples were then dehydrated in
an ascending series of alcohol and embedded in paraplast
(Sherwood Medical Industries, Lane Cove, Australia). Embedded
specimens were cut to 5-μm sections with a microtome (Cambridge
Instrument, Somerville, MA, USA). Each slide was stained with
hematoxylin and eosin, Masson’s trichrome, and Goldner’s
trichrome and observed under a microscope.

Statistical analysis. The experimental data were managed and
calculated by using a statistical software (SPSS 21.0, SPSS Inc.,
Chicago, IL, USA) to compare different groups. Mann–Whitney Utests were used for statistical analysis.

Results

Analysis of surface morphology. The surfaces of BC and
PHBB were scanned by low-voltage scanning electron
microscopy (LV-SEM) (Figure 1). LV-SEM images showed
that both BC and PHBB have structures with irregular and
interconnecting macroporosity. Both BC and PHBB had
microstructures in which collagen fibers were embedded
with bovine or porcine bone particles.

ATR-FTIR spectroscopy. Chemical characteristics of BC,
PHBB, porcine cancellous bone, and type I collagen were
evaluated by using ATR-FTIR spectroscopy. Porcine
cancellous bone exhibited distinctive peaks at frequencies of
1,454, 1,444, 1,020, and 600-550 cm–1. Porcine type I
collagen showed five characteristic absorption bands at the
frequencies of 3,296, 2,920, 1,647, 1,544, and 1,236 cm–1
(Figure 2). In case of BC, two absorption band peaks were
observed at 1020 and 600-550 cm–1. PHBB exhibited
additional peaks between 1,714 and 1,433 cm–1 as well as
distinctive peaks at 1,020, and 600-550 cm–1.

Mechanical properties. Uniaxial external forces were applied
to evaluate the compressive strength of dry/wet BC and
PHBB. Both BC and PHBB showed significant differences
in mechanical properties between dry and wet samples at
room temperature. The dry compressive strength of the BC
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Figure 1. LV-SEM images of bone block surface. (A) Bio-Oss Collagen® (BC) (×200), (B) porcine hybrid bone block (PHBB) (×200). Cross-linked
collagen and macroporous structures of the surface were observed in both bone grafts.

Figure 2. ATR-FTIR spectra of BC, PHBB, porcine cancellous bone,
and collagen.

was 53.49±11.59 N, whereas the wet strength was 4.86±0.88
N. In comparison, the PHBB exhibited dry compressive
strength of 11.22±1.53 N and wet compressive strength of
2.33±0.37 N (Figure 3). The resilience of wet PHBB after
the removal of compression is shown in Figure 4.

Micro-CT analysis. Both BC and PHBB were well
positioned within the calvarial defects (Figure 5). New bone
formation was greater in BC and PHBB groups than in the
critical defect (CD) group.
In micro-CT analysis, bone mineral density (BMD) and
bone volume (BV) were increased over time in all groups
(Figure 6A and B). Both BMD and BV were significantly

Figure 3. Compressive strength of PHBB and BC. Data are expressed
as means±SEM (n=5 per group).

higher in defects containing BC or PHBB than untreated
defects at 4 and 8 weeks (p<0.01). In addition, BMD and
BV of the BC group were higher than those of the PHBB
group (p<0.05). However, the BC-PHBB ratio of BMD and
BV were decreased at 8 weeks after implantation from 1.91
to 1.23 (BMD) and from 2.00 to 1.22 (BV) compared to
those of scaffolds before implantation.

Histological findings. In both BC and PHBB groups, the
bone graft space was maintained well without collapse unlike
1421
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Figure 4. Macroscopic images of PHBB. (A) Before compression, (B) during compression, and (C) after compression.

Figure 5. Micro CT 3D images of rat calvarial defects at 4 and 8 weeks after implantation. (A) The CD group at 4 weeks, (B) the BC group at 4
weeks, (C) the PHBB group at 4 weeks, (D) the CD group at 8 weeks, (E) the BC group at 8 weeks, and (F) the PHBB group at 8 weeks.

in the CD group (Figure 7A, E and I). At week 4, bone-like
material and new bone formation were observed along the
surface of the graft materials in both BC and PHBB groups.
However, the PHBB group showed higher angiogenesis and
less residual grafts than the BC group (Figure 7).
At week 8, the defect site was mostly filled with fibrous
connective tissue in the CD group (Figure 8). Relatively, the
1422

defect sites of BC and PHBB groups were filled with
residual grafts, bone-like material, and newly formed bone
in addition to fibrous connective tissue (Figure 8E and I).
Moreover, new bone formation above the dura mater
appeared characteristically in both BC and PHBB groups,
which was not observed at 4 weeks after bone grafting. The
newly formed bone tended to become more mature in both

Kim et al: Porcine Hybrid Bone Block for Bone Grafting in Dentistry

Figure 6. Micro CT measurement of bone formation in rat calvarial defects after implantation. Bone mineral density (A) and bone volume (B) of
raw and implanted scaffolds in the defect sites. *p<0.05, **p<0.01. Data are expressed as means±SEM (n=5 per group).

experimental groups compared to that at week 4. In the
PHBB group, replacement of the grafted materials with bony
tissue was prominent.

Discussion

Bone grafts play a pivotal role in filling extensive bone
defects in dentistry. Particulate bone grafts are favored
because they fill sufficiently irregular intraosseous defects
during dental treatment and maxillofacial surgery (1).
However, particulate bone grafts may escape from the
grafted site, and thus additional materials and methods such
as a barrier membrane are needed to place the grafted
materials in the proper position and avoid collapse of the
grafted site. The use of a barrier membrane involves
additional expenses and prolonged surgical time, exposing
patients to greater discomfort. Thus, bone substitutes with a
good space maintenance capacity without any additional
materials are necessary for better clinical outcomes (2).
Bone consists of many components, among which collagen
and hydroxyapatite are the most abundant in the organic and
inorganic fractions, respectively (3, 6). Thus, many researchers
have developed bone substitutes mimicking the properties of
live bone tissue by using collagen and hydroxyapatite.
Particularly, collagen is one of the most promising materials
for the development of scaffolds for clinical use and tissue

engineering because it shows high biocompatibility, high
biodegradability, and low antigenicity. However, collagen is
vulnerable to external force because of its poor mechanical
strength, and so the use of collagen as a biomaterial is limited.
Thus, material reinforcement such as chemical or physical
crosslinking must be carried out for application of collagen in
biomaterials science (7).
Bio-Oss Collagen® (BC) is a widely used bone graft that
consists of bovine cancellous bone particles and porcine
collagen fibers. Despite the many advantages of BC such as
enhanced handling characteristics and good hemostatic
properties, it shows low biodegradability and may bear the
risk of prion transmission (8). The fear of BSE is a
particularly important limitation of bovine-derived bone
substitutes because of the long latency of prions from 1 to
over 50 years. In a previous study, we developed low
crystalline hydroxyapatite from porcine cancellous bone by
low heat treatment to overcome the weakness of bovinederived bone grafts, and confirmed the improved
biodegradation and bone regeneration capacities of this
material (9).
In this study, we added porcine-derived type I collagen to
porcine-derived low crystalline hydroxyapatite to achieve
properties such as easy handling, flexibility, good
biodegradability and elimination of the risk for BSE. To
evaluate the biodegradability and bone regeneration of
1423
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Figure 7. Histological findings of rat calvarial defects at 4 weeks after implantation (A-D) the CD group, (E-H) the BC group, and (I-L) the PHBB
group. Samples (A, B, E, F, I, and J) were stained with H&E. Samples (C, G, and K) were stained with Masson’s Trichrome. Samples (D, H, and L)
were stained with Goldner’s Trichrome. *Residual grafts, BV: blood vessel, NB: newly formed bone. [(A, E, I: original magnification ×40), (B, C,
D, F, G, H, J, K, L: original magnification ×200)].

developed the bone substitute (PHBB), we used a rat criticalsized calvarial defect model and compared the characteristics
of PHBB with those of BC.
Examination of the surface structures of BC and PHBB by
LV-SEM revealed irregularly and fully interconnecting
macropores. These macropores generally enhance resorption
and facilitate the movement of Ca and P ions into the
intercellular medium beyond the bone graft material,
improving osteoconductivity (10-12). Thus, both BC and
PHBB were expected to show good osteoconductivity in vivo.
The chemical properties of the BC and the PHBB were
assessed using ATR-FTIR spectroscopy. The FTIR spectra of
porcine cancellous bone, one of the constituents of the
PHBB, showed the characteristic peaks of PO43- (1,020 and
600-550 cm–1) and carbonate (1,454 and 1,444 cm–1), which
are typical hydroxyapatite peaks (13). Porcine type I
1424

collagen, another constituent of PHBB, showed five typical
bands of collagen at the frequencies of 3,296, 2,920, 1,647,
1,544, and 1,236 cm–1 corresponding to amide A, B, I, II,
and III, respectively (14). The spectrum of PHBB was
characterized by absorption bands arising from
hydroxyapatite (1,444, 1,020, and 600-550 cm–1) and
collagen (1,680 and 1,647 cm–1).
The compressive strength of BC decreased dramatically
from 53.49±11.59 N to 4.86±0.88 N when it was wet. In
comparison, the difference in compressive strength between
dry and wet PHBB was smaller than that of BC (11.22±1.53
vs. 2.33±0.37 N, respectively). PHBB exhibited approximately
one half of the compressive strength of BC under wet
condition. However, the compressive strength of dental bone
graft is not a very critical factor once the bone graft can
maintain the space and act well as a bone void filler.

Kim et al: Porcine Hybrid Bone Block for Bone Grafting in Dentistry

Figure 8. Histological findings of rat calvarial defects at 8 weeks after implantation (A-D) the CD group, (E-H) the BC group, and (I-L) the PHBB
group. Samples (A, B, E, F, I, and J) were stained with H&E. Samples (C, G, and K) were stained with Masson’s Trichrome. Samples (D, H, and L)
were stained with Goldner’s Trichrome. *Residual grafts, BV: blood vessel, NB: newly-formed bone. [(A, E, I: original magnification ×40), (B, C,
D, F, G, H, J, K, L: original magnification ×200)].

The flexibility of PHBB was assessed by checking
resilience of the wet sample after the removal of compression.
PHBB showed good recovery to its original shape when the
compression was removed. This property can be attributed to
type I collagen that holds hydroxyapatite granules together and
enhances handling characteristics of PHBB.
In the animal study, well-localized materials at the grafted
site were confirmed by micro- CT analysis. Both BC and
PHBB groups showed significant differences in bone mineral
density and bone volume compared to the CD group at 4 and
8 weeks after bone graft. And interestingly, the BC-PHBB
ratio of BMD and BV were decreased over time after
implantation indicating that new bone formation occurs
faster in the PHBB group than in the BC group.
In histological analysis, the defect site of the CD group was
collapsed with a small amount of connective tissue. In

contrast, the defect sites of the BC and PHBB groups were
well maintained with residual grafts, bone-like material, and
newly-formed bone in addition to fibrous connective tissue.
At week 4, the PHBB group showed more angiogenesis than
the BC group. This higher angiogenesis may cause
mesenchymal cells to differentiate into osteoblast progenitors,
particularly during intramembranous ossification (15).
Moreover, blood vessels in the bone graft site supply various
growth factors including vitamins and parathyroid hormones
(PTHs) which facilitate the healing process, particularly at an
early stage of bone healing (16). At week 8, replacement of
the grafted materials with bony tissue was prominent in the
PHBB group. This indicates that the bone particles of PHBB
degrade faster than the Bio-OSS® granules, providing more
space for new bone formation. These results are consistent
with those of other studies describing the fast resorption rate
1425
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of porcine bone grafts (16, 17). Typically, faster resorption of
grafted materials is expected to induce earlier substitution with
new bone (15), and thus a similar result was predicted for the
PHBB grafted site (18).
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