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Evaluation of the Bone Regenerating Effects of
Two Anorganic Bovine Bone Grafts in a
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A preclinical trial was conducted to treat 54 mandibular critical-sized alveolar
ridge defects in 27 canines. Each hemimandible was randomized to be treated
with two different anorganic bovine bone grafts (group A = InterOss [Sigma
Graft]; group B = Bio-Oss [Geistlich]) or negative control (group C = empty
defect) followed by a 4-, 8-, or 12-week observation period. Microcomputed
tomography, histology, histopathology, and histomorphometric analyses have
been performed to evaluate the safety and efficacy of these treatments. By all
the parameters assessed in this study, the biocompatibility and healing of group
A treated defects were indistinguishable from those in group B. Radiographic
comparison of graft resorption and bony integration demonstrated similar
mean scores for both treatment groups. Likewise, no statistical differences
were observed between the two groups with respect to percent mineralized
volume and density. When compared to the critical-sized empty controls, both
treatment groups showed statistically greater amounts of bone present in the
defect sites and appeared to help preserve the mesial and distal alveolar walls
of the defect. Histomorphometry also supported the similarity in performance
of both tested groups as no statistically significant differences were observed
with regard to percent bone, percent residual implant, and percent bone
marrow values. While not statistically different, on average group A had more
than twice the mean amount of bone present at 8 and 12 weeks compared
to group B. Overall, group A had a good biocompatibility response, similar
to group B. Clinical studies are recommended to confirm these findings. Int J
Periodontics Restorative Dent 2017;37:e234–e244. doi: 10.11607/prd.3305
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The use of bone graft substitute
such as anorganic bovine bone
(ABB) graft allows clinicians to perform periodontal regeneration
procedures and implant site preparation in a predictable manner. For
example, the effectiveness of ABB
in particulate or block form has
been widely demonstrated in periodontal regeneration, socket augmentation, horizontal and vertical
augmentations, sinus elevation, and
peri-implantitis treatments.1–12
A preclinical study allows researchers and clinicians to compare
different types of bone grafting
materials in a controlled setting.
InterOss (Sigma Graft) is a natural hydroxyapatite bone grafting
material from bovine bone. This
highly purified, osteoconductive
material is produced from natural
bone through a multistep purification process including gamma
irradiation, making it chemically
and structurally comparable to
mineralized human bone. The pore
structure and interconnected pore
system of InterOss allows the grafting material to act as a guide for
body fluids, growth factors, blood
vessels, bone marrow, and bone
cells.
This preclinical study was performed to investigate the safety and
efficacy of two similar anorganic bovine bone grafts that are available
to clinicians for treating critical-sized
alveolar ridge defects.
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Materials and Methods
Study Animals and Biomaterials

This preclinical study was conducted in accordance with the United
States Food and Drug Administration Good Laboratory Practice regulations. A total of 27 male beagle
dogs (aged 17 to 23 months, weighing 8 to 18.5 kg) bred exclusively
for biomedical research purposes
were obtained from a licensed vendor. They were acclimated prior
to research commencement and
were fed an appropriate diet with
ad libitum access to water. The biomaterials used for this study were
anorganic bovine bone graft materials from two manufacturers (InterOss, SigmaGraft, and Bio-Oss,
Geistlich). Three randomly assigned
groups (n = 9 per group) underwent
surgical procedures to receive one
of two different anorganic bovine
bone grafts or an empty control.
Critical-sized alveolar ridge defects
(approximately 6 mm mesiodistal
and 6 mm apico
coronal; two-wall
defects missing buccal and lingual
plates) were created on right and
left mandibular premolar (P3 and
P4) regions immediately after tooth
extraction. Three different evaluation time points (4, 8, and 12 weeks)
were selected. Thus, six sample sites
were available for all three groups
(groups A to C) for each time point.
Group A received 250 to 1000
μm InterOss at six sites for the
4-week evaluation, six sites for the
8-week evaluation, and six sites for
the 12-week evaluation. Group B received 250 to 1000 μm Bio-Oss at
six sites for the 4-week evaluation,

six sites for the 8-week evaluation,
and six sites for the 12-week evaluation. Group C was the negative
control and received no grafting. Six
sites were evaluated at 4 weeks, six
sites at 8 weeks, and six sites at 12
weeks. No barrier membrane was
used for any groups.

General and Local Anesthesia

All surgical procedures were performed under general and local
anesthesia in sterile conditions. The
mouths of the animals were rinsed
with 0.12% chlorhexidine solution
prior to surgery. Lactated Ringer’s
solution was infused during surgery
via a catheter inserted into a suitable
vein. Preoperative clavamox (250
mg, po, bid) was administered 1 day
prior to surgery. On the day of surgery, acepromazine malate (0.1 mg/
kg) and atropine sulfate (0.05 mg/
kg) were administered subcutaneously, followed by propofol (6.0 mg/
kg, iv), isoflurane (to effect, inh), and
cefazoin (25mg/kg, iv). Local anesthesia (2% lidocaine with 1:100,000
epinephrine) was provided at the
surgical sites.

Surgical Defect Creation and
Ridge Augmentation Procedure

The initial incisions were made in
the gingival sulcus of the third (P3)
and fourth (P4) mandibular premolars, and the flap was elevated to expose the mandibular bone. Crowns
were sectioned into single root segments and extracted. Bilateral standardized critical-sized alveolar ridge

defects (approximately 6 mm mesio
distally and 6 mm apico
coronally)
were created by removing buccal
and lingual plates, creating two-wall
defects.

Ridge Augmentation Procedure

Each hemimandbile was randomized to receive two different bone
grafting materials (groups A and
B) in addition to a negative control
site (group C). The graft materials
were reconstituted with sterile saline
and condensed into the defects according to a randomized distribution pattern. No barrier membrane
was used to cover any treated or
nontreated sites. The flaps were released by periosteal incision to allow
for a tension-free primary wound
closure combining mattress and interrupted sutures (Vicryl, Ethicon).
Pain management was achieved
using meloxicam (0.2 mg/kg, SC),
hydro
morphone (0.05 mg/kg, iv)
and recuvyra (1.5-2.7 mg/kg, topically, postoperatively). The animals
received 7 days of postsurgical infection and pain control consisting
of clavamox (250 mg, po, bid), 0.12%
chlorhexidine rinse, and meloxicam
(0.1 mg/kg, SC, sid). They received
certified canine diet (LabDiet) and a
soft diet (8 weeks following surgery,
LabDiet or Hills Pet Nutrition) during the entire healing period and
treatment phase. All animals were
observed for morbidity, mortality,
injury, and availability of food and
water up to twice daily. A detailed
clinical examination of each animal
was performed at receipt, periodically during acclimation, daily during
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Fig 1 Demonstration of method used
to determine histomorphometric region
of interest (ROI). (a) Establish ridge
height. (b) Transpose ridge to computed
tomography scan and establish original
defect location for volume of interest
(VOI). (c) Buccolingual section establishing
bottom of VOI. (d) Transpose location of
defect bottom to histology slide. (e) Define
histomorph ROI.
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week 1, and weekly thereafter. Body
weights for all animals were measured and recorded at receipt, periodically during acclimation, the day
prior to surgery, and weekly during
treatment.

Sacrifice

The animals were euthanized via intravenous overdose of sodium pentobarbital at their evaluation point.
Obtained mandibles were placed in
10% neutral buffered formalin and
shipped to a pathology lab for histopathologic and histomorphometric
evaluations. At study termination,
Faxitron images were obtained and
the right and left mandibles were
collected and analyzed using microcomputed tomography (microCT)
to determine the percent mineralized volume and mineralized densities of the samples. Samples were
then processed for undecalcified

f RO

I
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histology and analysis using semiquantitative histology scoring and
histomorphometry.

MicroCT

The mesial and distal portions of
each hemi-mandible were trimmed
to facilitate scanning of the defect
sites using a Scanco microCT 40
scanner at a resolution of 36 μm3.
Scanning was performed at 55 kVp
and 145 μA. A volume of interest
(VOI) centered on the defect that
did not include any pre-existing
bone was defined via manual segmentation of the defect site (Fig 1).
The VOI was defined as 6 mm mesiodistal × 6 mm apicocoronaland
spanned the full distance of the
mandible in the buccolingual direction. Bone volume (BV), residual
graft volume (RGV), and bone mineral density were to be determined
for each grafted site based upon a
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VOI that encompassed the original
defect. However, given the similarities in densities between the ceramic components of the fillers and
native bone, it was not possible to
accurately distinguish bone from
residual grafting materials. Therefore, total mineral volume (bone +
residual graft) and total mineral density (bone + residual graft) were reported instead.

Histology, Histopathology, and
Histomorphometric Analysis

Each specimen was radiographed for
trimming (if necessary), processed for
undecalcified histology, and embedded in polymethyl methacrylate. Two
buccolingual ground sections between 50 and 100 μm thick were taken through the center of the defect
to preserve the grafts and prevent
tear-out of the biomaterials during
sectioning. One section was stained
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Fig 2 Group A at 4 weeks demonstrating a significant amount of residual material with some woven bone formation (N). Implanted graft
material that is not integrated (*) into into new bone growth and implanted graft material that is integrated (I) into new bone growth can
both be seen. F = fibrous connective tissue.
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Fig 3 Group B at 4 weeks demonstrating a significant amount of residual material with some woven bone formation (N). Implanted graft
material that is not integrated (*) into into new bone growth and implanted graft material that is integrated (I) into new bone growth can
both be seen. F = fibrous connective tissue.

a

b
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Fig 4 Group C at 4 weeks demonstrating a lack of new bone formation (N). A thick layer of fibrous connective tissue (F) can be seen.
A = pre-existing alveolar bone.

with Stevenel blue/van Gieson solution and the remaining section was
stained with hematoxylin-eosin. The
slides were subjected to a blinded
histopathologic assessment by a
board-certified pathologist.
Computer software (Image-Pro
Plus, Media Cybernetics) was used

to quantify bone, bone marrow, and
residual graft areas for all treatment
groups using a defined region of
interest (ROI). The ROI for each histomophometry slide was defined
based on coregistration of the in
vivo postoperative radiographs,
terminal microCT images, and his-

tology slides. This method of ROI
determination was selected due to
the difficulty in clearly identifying
the original defect margins due to
the extensive bone erosion and remodeling occurring in and around
the defect sites, especially in the
empty defects (Figs 2 to 10). In short,
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Fig 5 Group A at 8 weeks demonstrating a significant amout of new bone formation (N). Some implanted graft materials are integrated or
partially integrated into new bone growth (I); some are not integrated (*). F = fibrous connective tissue.
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b

c

Fig 6 Group B at 8 weeks demonstrating a significant amout of new bone formation (N). Some implanted graft materials are integrated or
partially integrated into new bone growth (I); some are not integrated (*). F = fibrous connective tissue.

a

b
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Fig 7 Group C at 8 weeks demonstrating minimal new bone formation (N). A thick layer of fibrous connective tissue (F) containing
capillaries can be seen.

the in vivo radiographs were overlaid with the single mesiodistal microCT section taken near the center
of the defect and the original height
of the alveolar ridge and location of
the defect were transferred to the
microCT image using the remaining
molar and premolar teeth as regis-

tration landmarks. This image was
then used to define the VOI for the
microCT analysis. Next, a buccolingual microCT section was obtained
that visually matched or was similar
to the buccolingual histology section. The bottom of the defect was
transferred to the histology slide
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using corresponding morphologic
landmarks, and the top and bottom
of the original 6-mm depth of the
defect were established. Next, the
corresponding buccolingual width
of the mandible was determined
based on the buccolingual width of
the microCT images and this width
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Fig 8 Group A at 12 weeks demonstrating a mixture of mature and woven bone (N). Remaining graft materials are integrated or partially
integrated into new bone growth (I); some are not integrated (*). F = fibrous connective tissue.
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Fig 9 Group B at 12 weeks demonstrating predominantly woven bone, but there was a mixture of mature and woven bone (N) throughout
the specimen. Remaining graft materials are integrated or partially integrated into new bone growth (I); some are not integrated (*). F =
fibrous connective tissue.

a

c

b

Fig 10 Group C at 12 weeks demonstrating predominantly woven bone (N) and a thick layer of fibrous connective tissue (F) containing
capillaries.

was used to determine the width of
the ROI for the histology section.
This process was then repeated for
all histomorphometry slides. Histomorphometry was performed in
a blinded manner on all Stevenel
blue/van Gieson-stained slides to
determine the following:

•

•

Defect area (DA): area
representing graft material
and regenerated tissue in the
defect ROI
Bone formation area (BA): area
represented by new alveolar
bone

•

•

Percent bone (%B; BA/DA*100):
area represented by new
alveolar bone as a function of
total tissue regenerated within
the ROI
Bone marrow area (BMA): area
represented by new bone
marrow within the ROI
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•

•

•

•

Percent bone marrow
(%BM; BMA/DA*100): area
represented by new bone
marrow within the ROI as a
function of the total ROI
Bone formation density
(BA/BMA): ratio of regenerated
bone/marrow spaces
Residual implant area (GA):
area representing residual graft
material
Percent graft area (%GA;
GA/DA*100): area representing
residual graft material as a
function of the total ROI

Statistical Analysis

The effect of treatment over group
was evaluated using a generalized
linear mixed model. Density showed
a normal distribution, percentages a
binomial distribution, and histopathology a multinomial distribution.
Results of all pairwise comparisons
were reported at the 0.05 and 0.01
significance levels following adjustments for multiple comparisons. All
endpoints were analyzed using twotailed test.

terials for groups A and B sites. Two
animals from the 4-week evaluation
period receiving group A, group B,
and Group C treatments and one
animal from the 12-week evaluation period (groups B and C) had
to undergo repair surgery due to
exposure of the grafted site resulting from the sutures tearing out
through the gingiva. The wounds
healed normally after this repair
surgery.

Radiographic Evaluation

Lateral Faxitrons of each hemimandible were qualitatively assessed and scored for bone
incorporation into grafted materials using following scoring system:
0 = no visible new bone formation; 1 = minimal graft replacement (< 50%); 2 = moderate graft
replacement (> 50%); 3 = graft fully
replaced by new bone.
No significant radiologic differences were observed between
two grafted materials for any of the
evaluated time points. Except one
site that was grafted with group A,
groups A and B received a radiographic resorption score of 0 or 1.

Results
Clinical Evaluation

MicroCT Evaluation

All but three animals underwent
normal wound healing. Within 1
week of surgery, three animals presented with open wounds on four
sites (one group A, one group B
and two group C), and it was decided to remove the remaining
graft materials and place new ma-

Bone formation was characterized
by filling of the defects from their
distal and mesial ends and from apical to coronal. Occasional migration
or displacement of the grafts out of
the defect site was observed due
to the lack of a barrier membrane.
Because group C did not receive a
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bone graft, there was excessive resorption of the mesial and distal alveolar bone surrounding the defect.
In some cases, this led to doubling
of the defect size.

Percent Mineral Volume: BV/TV
(by MicroCT)

No statistically significant differences were noted between two
grafted groups at any evaluation
time points. However, significant
differences were observed between
the critical-sized empty defects and
those critical-sized defects treated
with bone grafts. Groups A and B
demonstrated significantly higher
volumes of mineralized material
than the empty critical-sized defects
at 4, 8, and 12 weeks (P < .01).

Mineralized Density:
mg HA/cm3 (by MicroCT)

The mean mineralized density (mg
HA/cm3) was also determined for
each defect. Groups A and B had
significantly higher mean density
values compared to the empty defects across all time points (P < .01).
No differences were observed between the mean densities of groups
A and B at 4 weeks, but differences
were observed at 8 and 12 weeks
between two groups, with group B
having a slightly higher mean density compared to group A (P < .05
and P < .01 respectively).
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Residual Graft Material and
Resorption (Semiquantitative
Morphology)

The amount of residual graft material and the amount of new bone
formation/remodeling were scored
as follows: 0 = absent, 1 = minimal,
2 = mild, 3 = moderate, 4 = marked.
The average amount of residual
graft material remaining in the defect site and surrounding soft tissue,
in general, decreased slightly from 4
to 12 weeks for groups A (3.0 to 2.3
to 2.5) and B (2.8 to 2.7 to 2.5) with
the exception of a minor increase in
group A at 8 weeks compared to 12
weeks. This parameter was scored
using a semiquantitative approach
(ie, assessing general amounts of material present). It is therefore not an
exact measure of the amount of graft
material present in each specimen,
though it does give an approximate
measure. Occasionally, in groups A
and B, the graft material migrated
over the edge of the defect site and
formed a periosteal-type reaction on
the lingual and/or buccal surfaces of
the pre-existing alveolar bone. These
graft materials were encased in small
amounts of fibrous connective tissue
and did not appear to cause an additional inflammatory reaction or other
undesirable effects.

New Bone Formation and
Remodeling (Semiquantitative
Morphology)

The average amounts of new bone
formation/new bone remodeling
found within the entire alveolar
bone extraction site increased from

4 weeks to 12 weeks for each treatment group. At 12 weeks, group A
had the greatest relative amount
of new bone formation/remodeling (average score 3.0), group B
had the lowest amount (average
score 2.3), and the negative control
had an average score of 2.5. Again,
this parameter was scored using
a semiquantitative approach and
therefore is not an exact measure of
the amount of new bone formation
present in each specimen. However,
it does give an approximate measure of the amount of new bone
formation/remodeling and assesses
a broader area than the histomorphometry methods.

Bone Maturation

Bone maturation was scored as follows: 4 = mature alveolar bone,
3 = more mature than woven bone, 2
= 50% mature bone and 50% woven,
1 = more woven than mature bone,
and 0 = predominantly woven bone.
At 4 weeks, the new bone
growth was predominantly woven
bone (score 0) for all three treatment
groups. At 8 weeks, groups A and
C each had an average bone maturation score of 0.2, with five specimens from each treatment type
having a score of 0 and one specimen from each treatment having a
score of 1. All specimens from the
group B treatment had a score of 0
for bone maturity at 8 weeks. At 12
weeks, the bone maturation score
was highest in group C (average
score 3.0), while group A showed
an average score of 2.3 and group
B had the lowest average score, 1.5.

These results imply that, on average, bone matured slightly faster
in group C (empty defect). This is
presumably due to the ability of
bone to fill in without having to surround and resorb the grafting material. However, the morphometry
results show that the percent bone
is lowest at 12 weeks in group C.
Therefore, the amount of bone filling the defect is lowest in the empty
control defects but the maturity of
the bone that is present in those defects was slightly more advanced at
12 weeks.

Biocompatibility: Inflammatory
Response and Necrosis

At 4, 8, and 12 weeks, rare instances
of polymorphonuclear cells (neutrophils) were noted and, more
commonly, macrophages and multinucleated giant cells were found
surrounding the implant material
in groups A and B. Group C had a
low incidence of neutrophils at 4
weeks; macrophages at 4, 8, and
12 weeks; and multinucleated giant cells at 12 weeks. At 8 weeks,
groups A and B had significantly
higher levels of macrophages present than the negative control (P <
.01) as these cells were actively engaged in phagocytic digestion of
the calcium phosphate ceramics,
a primary mode of resorption for
ceramic bone fillers. Macrophages
and multinucleated giant cells were
found at a similar incidence and
severity in groups A and B, though
the average scores were lower at
12 weeks than at 8 weeks for both
treatments (signifying a decrease in
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Table 1 Histomorphometric Results
4 wk
Group A
Mean

SD

8 wk

Group B
Mean

SD

Group C
Mean

SD

Group A
Mean

SD

Group B
Mean

SD

12 wk
Group C
Mean

SD

Group A
Mean

SD

Group B
Mean

SD

Group C
Mean

SD

Bone (%)

1.94 1.66

4.11 1.52

2.35 3.16

8.88 6.32

3.58 3.07

3.99 1.84 14.76 3.96

7.54 5.82

4.27 2

Bone
marrow (%)

3

3.62 2.75

1.92 3.12

3.12 2.66

1.57 2.37

0.99 0.49

5.35 2.96

2.79 3.6

0.55 0.33

0

6.88 6.04

8.72 2.75

0

5.78 2.83

5.73 4.43

0

3.26 1.43

6.58 4.47 14.75 15.97

Residual
graft (%)
Bone
formation
density

4.99

10.35 3.84 13.19 6.2
1.19 0.64

1.46 0.87

inflammation over time, though not
significant). No evidence of necrosis
was found in any of the groups.

General Healing
Characteristics: Fibrosis,
Fatty Infiltrate, and
Neovascularization

In general, the amount of fibrosis
tended to decrease from 4 to 12
weeks, with the exception of a minor increase in fibrosis in group A
at 12 weeks compared to 8 weeks.
Between groups A and B, the fibrosis scores tended to be equivalent
at each time point, with the exception of 12 weeks, which had significantly higher fibrosis scores in group
A as compared to groups B and C
(P < .05).
No incidences of fatty infiltrate
associated with fibrosis were noted
for any treatment types at any time
point.
The neovascularization associated with fibrosis scores for group
A were comparable to groups B and
C with no statistical differences observed at any time point.

0

1.84 0.75

4.3

3.19 16.1 17.31

4.58 1.86

Histomorphometry: Percent
Bone by Area (BA/DA

The critical-sized empty defects
(group C) had < 5% average bone
growth at all evaluated time points
(2.35% at 4 weeks, 3.99% at 8 weeks,
and 4.27% at 12 weeks), which correlates closely with the microCT findings and confirms the critical nature
of this model. While not statistically
different, on average group A had
more than twice the mean amount
of bone present at 8 and 12 weeks
(8.88% and 14.76%, respectively) as
compared to group B (3.58% and
7.54%, respectively). Both groups A
and B showed a temporal increase
in the mean amount of bone present
over the 12-week period, whereas
group C appeared to have peaked
at 8 weeks (Figs 11–13 and Table 1).

Histomorphometry: Percent
Bone Marrow by Area (BMA/
DA)

No statistical differences were noted between groups A and B. Overall, group C had the lowest average
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0

0

percent bone marrow values at all
time points. The percent bone marrow values were highest in group B
at 4 weeks (3.62%) and in group A at
8 and 12 weeks (3.12% and 5.35%,
respectively) (Fig 11 and Table 1).

Histomorphometry: Percent
Residual Graft by Area (GA/DA)

Overall, both groups A and B were
very similar throughout the study;
no statistical differences in percent
residual graft were observed between the two treatment groups. At
12 weeks, the values were 5.78% ±
2.83 for group A and 5.73 ± 4.43 for
group B (Fig 12 and Table 1).

Histomorphometry: Bone
Formation Density (BA/ BMA)

Bone formation density is the ratio of newly formed bone to newly
formed bone marrow area and can
be used to understand bone formation densities. With the exception
of week 8, bone formation density
was highest for group C, which was
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Figure 11 Percent bone by area.

Figure 12 Percent bone marrow by area.

Figure 13 Percent residual graft by area.

predominantly driven by the low
amounts of bone observed in these
defects and the even lower amount
of bone marrow present. For week
8, group B had a significantly higher
mean bone formation density than
groups A and C (Fig 13 and Table 1).

Discussion
This preclinical study compared
two similar anorganic bovine bone
grafts. Nakajima et al13 conducted a

preclinical study with a similar alveolar bone defect design, but all bone
grafts were covered with an e-PTFE
membrane and stabilized buccally
with stainless steel fixation screws.13
They noted that the placement of
a barrier membrane enhanced the
potential for bone regeneration in
surgically created defects. They also
waited 8 months before biopsy and
obtained a high percentage of bone
matrix (71%–89%). Kim et al14 also
conducted a preclinical study with
similar alveolar ridge defects evalu-

ating the regenerative response
to ABB used alone or in combination with a bioresorbable porcinederived bilayer collagen membrane
(CM). According to their CT result,
the percentage of CT-derived bone
density for the sites receiving both
ABB and CM was significantly higher than for those with ABB alone
or empty control (P < .01) at 8 and
16 weeks. In the present preclinical
study, no barrier membrane was
used in order to examine the natural ability of ABB to form new bone
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without the effect of barrier membranes. As a result, the percentage
of vital bone might be lower than in
other reported studies. The lack of
barrier membrane may have negatively affected graft containment
and wound stabilization.
By all the parameters assessed
in this 12-week study, biocompatibility and healing of group A–treated
defects were indistinguishable from
those in group B. Radiographic
comparison of graft resorption and
bony integration demonstrated similar mean scores for both treatment
groups. Likewise, no statistical differences were observed between two
groups with respect to percent mineralized volume and density. When
compared to the critical-sized empty
controls, both treatment groups
showed statistically greater amounts
of bone present in the defect sites
and appeared to help preserve the
mesial and distal alveolar walls of the
defect. Although some migration of
both graft materials was observed
due to a lack of barrier membrane
use, the overall loss of this material
did not appear to compromise the
performance of the grafted sites as
compared to leaving the defect unfilled. Histomorphometry also supported the similarity in performance
of the tested groups, as no statistically significant differences were observed with regard to percent bone,
percent residual implant, and percent bone marrow values.

Conclusions
Both ABB materials were biocompatible and osteoconductive and
clinically and histologically successful in forming bone.
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