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Aim An allograft, a xenograft and an alloplastic graft,
associated to sinus lift or ridge preservation procedures were
histologically studied to evaluate their characteristics and to
obtain the percentages of bone and remaining graft particles.
This may help the clinician to determine, form the histological
point of view, if they are viable alternatives to the use of
autograft in bone regeneration procedures.

Materials and methods Twenty-five samples from 18
subjects were histologically evaluated with respect to newly
formed bone and remaining graft particles percentage.
Results The three studied grafting materials presented
adequate osteoconduction characteristics. Differences in
newly formed bone percentage were found between the
allograft and the xenograft, whereas no differences were
found between the allograft and the alloplastic graft or the
xenograft and the alloplastic graft. There were no significant
differences in the percentage of residual particles amongst the
different types of graft.

Condlusions All studied bone substitute materials showed
good characteristics for their use in bone regeneration
therapies.

Allograft, Alveolar bone grafting; Bone regeneration;
Bone substitute; Xenograft; Tricalcium phosphate.

The alveolar process is formed during tooth development
and eruption, and it is gradually resorbed after the loss
of one or more teeth (1-3). These events produce a loss
of horizontal and vertical bone volume, making hard
and even impeding the installation of osseointegrated

implants (4, 5). Bone grafts have been widely used to
prevent or correct these deficiencies, in the form of
blocks or particulate grafts, alone or in conjunction with
membranes, titanium meshes or also associated with
other procedures such as sinus lifting (6-11). As grafting
material, autologous bone has been considered the gold
standard in bone grafting procedures, but it is also
associated with many drawbacks, as the need of a second
surgical site, an increase in intervention morbidity, a
limited availability and a relatively high resorption rate
(12-17). All these problems associated to the use of
autologous bone have generated an ample development
of bone grafting biomaterials and have increased their
use, whether alone or combined with autologous bone,
obtaining excellent results in bone augmentation and
sinus lift procedures (8, 18-22).

Bone substitute biomaterials can originate from
many sources (i.e. allogenic, xenogenic or alloplastic).
Differences may be seen in their biological behavior, like
the amount of newly formed bone and the remaining
particles after an adequate period of healing (19, 23-25).
The objectives of this study were to compare the amount
of vital formed bone and residual graft particles present
in a time lapse of 3 to 12 months, in ridge preservation
or maxillary sinus lift procedures, using three different
types of bone graft and to determine if they are viable
alternatives in bone regeneration procedures.

Three types of graft materials were histologically
studied: an allograft (Puros; Zimmer Dental, USA) a
xenograft (Bio-Oss; Geistlich Biomaterials, Switzerland)
and an alloplastic graft composed of hydroxyapatite and
beta-tricalcium phosphate (Osteon; Dentium, Korea).
Twenty-five samples were selected from 18 patients who
were submitted to lateral window maxillary sinus lifting
or ridge preservation procedures between 2013 and
2014, in which one of the three above-mentioned graft
swas used in combination with a collagen membrane
(Biomend Extend; Zimmer Dental, USA or Collagen
Membrane; Dentium, Korea) and a primary intention
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healing was obtained. All patients where non-smokers
and systemically healthy, with age ranging from 24 to 67
years. The study was approved by the Mayor University
ethic committee (Santiago, Chile, 2014).

Every patient signed a written consent regarding his or
her acknowledgment and participation on the study.
Inclusion criteria were based on patients, on whom
allograft, xenograft or alloplastic graft was used, along
with ridge preservation or maxillary sinus lift procedures
to allow a posterior installation of osseointegrated
implants with a healing period between 3 to 12 months.
Patients who received grafting materials in combination
with autologous bone, other types of grafts or other
bioactive substances were excluded from the study.

A mucoperiosteal flap was performed in the previously
regenerated site and the samples were retrieved using
a 2 mm interior diameter and 3 mm external diameter
trephine (Dentium, Korea), under abundant irrigation
with 0.9% saline solution and at room temperature, to
avoid any alteration of the samples due to overheating
of the tissue. The depth of the trephine drilling was
determined by the amount of previously regenerated
bone, measured with a previously taken cone-beam
computer tomography, and the length of the planned
implant, obtaining a minimum drilling depth of 8 mm.
Then, the samples were immediately fixed in 10%
buffered formalin and were divided according to
each patient, graft material used and type of grafting
procedure previously performed. The histological
processing of the samples was performed at the
department of pathological anatomy (Mayor University
Dentitry School, Santiago, Chile). Six longitudinal
cuts, 8 x 2.5 mm, for each sample were made. They
were subjected to decalcification and staining with
haematoxylin-eosin.

The vital bone was stained with a characteristic
eosinophilic color highlighting concentric apposition of
bone and basophilic dots corresponding to osteocytes.
On the other side, the remaining graft particles were
completely stained with a basophilic color.

A descriptive analysis of the characteristics of the
bone/graft particle interface was made for all samples,
using an optical microscope (DM 750 Leica, Germany)
at a 40 times magnification. Four times magnification
microphotographs were obtained for the different
samples using a 1920 x 1080 pixel camera (ICC50HD,
Leica. Germany) installed in the same optical microscope.
All photographs were saved in the same resolution
(1980x1020) and size, using an image processing
software, provided by the camera manufacturer (Leica
Suite EZ, Leica, Germany). Another computer software
(Image J; NIH, Bethesda, MD, USA) was then used to
calculate the percentage of newly formed bone and
remaining graft particles in each sample by selecting
the image color threshold, using the hue - brightness
and saturation filter according to the sample staining.
To isolate the newly formed bone, eosinophilic color

was filtered from graft particles and connective tissue.
All the filtered area was measured and the percentage
of bone was calculated according to the number of
pixels occupied by the selected area (Fig. 1). The same
procedure was performed to determine the percentage
of graft particles, but in this case filtering the basophile
material that corresponds to the residual graft particles.
The measurements for each sample were registered in
an Excel template (Microsoft, USA) for quantification
and evaluation of the percent of newly formed bone
and residual graft particles.

To determine if a normal distribution of samples was
achieved, a Shapiro - Wilk test for newly formed bone
and residual particles percentages was separately
performed for each of the three grafts groups.

To test if there were differences between samples
regarding patient’s age or amount of days from grafting
procedure to sample retrieval, a variance analysis was
performed.

A t test was carried out to seek if there were any
differences in the distribution of the samples in respect
with the type of grafting procedure performed.
Afterwards, the existence of differences, according to
the percentage of newly formed bone and remaining
graft particles between the different materials, were
tested using first a variance analysis and then, if
required, a Scheffé test to determine between which
groups the significant differences may be presented.
All statistical tests where performed with Systat 13.1
software (Systat, USA).

The level of significance was set at: 0.05.

When analyzing their histological characteristics,
all samples of the three groups showed the presence
of newly formed bone, residual graft particles and
connective tissue in greater or lesser amounts (Fig. 2).
The presence of newly formed bone, in direct contact
with residual particles of each bone substitute material,
indicated the adequate osteoconductive capacity.

The percentage of newly formed bone, residual particles,
age of patient and bone graft procedure performed for
each analyzed sample are shown in Table 1.
Shapiro-Wilk test showed only differences in the
distribution of newly formed bone percentage in the
allograft group. Percentage of remaining particles in
the allograft group, and percentages of newly formed
bone and remaining particles in the xenograft and
alloplastic groups showed no significant differences in
their distribution (Table 2).

With respect to newly formed bone percentage, the
allograft presented a mean of 65% (range 22 to 86%),
the xenograft a mean of 45% (range 13 to 67%) and
the alloplastic graft a mean of 49% (range 31 to
71%). When the percentage of remaining particles was
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FIG. 1 All micro-photographs of the samples were saved with the same resolution (A). The bone and remaining graft particles were filtered and then the
percentage of vital bone and graft particles was calculated using a specialized software (B). magnification 4X, Haematoxylin—eosin staining.

GRAFT PATIENT SAMPLE VITALBONE  PARTICLES AGE DAYS PROCEDURE TABLE 1 Results
Mlograft | 1 1 65,54% 38,66% 42 155  Ridge Preservation by Group.
2 2 71,60% 13,53% 56 145 | Ridge Preservation
2 3 75,60% 27,80% 56 145  Ridge Preservation
2 4 79,39% 21,64% 56 | 145  Ridge Preservation
3 5 70,30% 31,50% 45 433  Ridge Preservation
3 6 86,22% 15,609% 45 433  Ridge Preservation
4 7 77,90% 711% 43 121  Ridge Preservation
5 8 22,18% 62,11% 53 | 168  Ridge Preservation
Xenograft | 1 1 67,20% 33,67% 24 165 | Ridge Preservation
2 2 18,58% 47,07% 54 287 | Ridge Preservation
2 3 65,40% 9,90% 54 287 | Ridge Preservation
3 4 44,20% 44,47% 61 | 294 Ridge Preservation
4 5 44,73% 47,80% 29 | 356  Ridge Preservation
5 6 48,17% 36,52% 67 347 | Ridge Preservation
6 7 44.,81% 43,25% 52 116 | Ridge Preservation
7 8 13,28% 78,91% 59 169 | Sinus Lift
8 9 58,65% 23,66% 53 180 | Sinus Lift
Alloplastic | 1 1 42,80% 44,32% 47 219 Sinus Lift
1 2 58,76% 35,29% 47 219 Sinus Lift
2 3 51,05% 33,81% 52 116 Ridge Preservation
2 4 32,88% 34,10% 52 116 Ridge Preservation
3 5 63,76% 17,45% 49 | 186 Ridge Preservation
4 6 39,34% 23,39% 47 1122 Sinus Lift
4 7 70,92% 9,26% 47 122 Sinus Lift
5 8 30,78% 22,84% 53 175 | Ridge Preservation
Type of graft utilized (Graft), amount of patients (n=18), amount of samples analyzed (Sample n=25), percentage of vital bone
(% Vital Bone) and percentage of residual particles (% Particles) of the three types of grafts studied. Age of each patient (Age),
healing time in days (Days) between grafting and sampling and procedure performed (Procedure).
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FIG. 2 Mature bone in direct contact with the different graft particles. A. Allograft (Puros, Zimmer. USA). B. Xenograft (Bio-0ss, Geistlich, Switzerland). C.
Alloplastic graft (Osteon, Dentium. Korea). 40X magnification. Haematoxylin—eosin staining.

Allograft

Vital Bone 0.72918 | 3.773 1 2.590  0.00479%
Particles 0.92607 1.030 | 0.048 | 0.48104
Xenograft

Vital Bone 0.89366 | 1.562 0.781 0.21751
Particles 0.93478 0.958 | -0.071  0.52817
Alloplastic

Vital Bone 8 0.94543 0.760 -0.427 | 0.66518
Particles 8 0.96228 0.525 -0-960  0.83153
Shapiro - Wilk test for distribution of vital bone and remaining
particles between samples of each graft group. Number of groups (n),
Shapiro — Wilk test value (W), covariance matrix (V), standard score (z),
significance level (P-value). a) Statistically significant difference in the
distribution.
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TABLE 2 Shapiro - Wilk test for distribution of vital bone and remaining
particles between samples of each graft group.

evaluated, the allograft showed a mean of 27% (range
7 to 62%) of remaining graft particles, the xenograft
a mean of 41% (range 10 to 79%) and the alloplastic
graft a mean of 28% (range 9 to 44%) of the grafted
area.

The distribution of residual particles and newly formed
bone percentages are shown in Figure 3.

When evaluating the percentage of newly formed bone,
significant differences were found between the allograft
and the xenograft.

No significant differences were found in the percentage
of newly formed bone between the allograft and the
alloplastic graft or the xenograft and the alloplastic
graft. When analyzing the percentage of residual graft
particles, no significant differences were found between
the different types of graft (Table 3).

No significant differences between samples were found,

November 2016; 8(2) © ARIESDUE
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FIG. 3 Percentages of vital bone (A) and residual particles (B) from the three
types of studied grafts. Allograft (Puros, Zimmer. USA), Xenograft (Bio-Oss,
Geistlich, Switzerland) and alloplastic graft (Osteon, Dentium. Korea).
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n X+SD
VITAL BONE
Allograft 69 + 20
Xenograft 45 + 19
Alloplastic 49 + 15
ANOVA F=4,12; df =22; p =0.030
Sheffé Allograft ~ T=2.7081; p= 0.042"
VS.
Xenograft
Allograft T=2.2096; p= 0.110
VS.
Alloplastic
Xenograft | T=0.4344; p=0.910
Vs.
Alloplastic
PARTICLES
Allograft 27 + 17
Xenograft 41 +19
Alloplastic 28 + 11
ANOVA F=1,87; df = 22; p = 0.178
Number of samples (n), mean (X), standard deviation (SD), ANOVA critical
value (F), Sheffé test critical value (T), degrees of freedom (df) and
significance level (p).
a) Statistically significant difference between groups.
b) Statistically significant difference between these two groups

TABLE 3 Variance analysis for vital bone percentage and remaining
particles percentage.

in respect with patient’s age and amount of days from
grafting procedure to sample retrieval between the
three groups (Table 4). There were also no differences,
regarding newly formed bone and remaining particles,
with respect to the type of procedure, in the xenograft
and alloplastic graft groups (Table 5).

DISCUSSION

According to the results found in the present study, it
was possible to microscopically observe that the different
bone grafting materials presented osteoconductive
characteristics that allowed apposition of mature vital
bone in direct contact; the newly formed bone was
characterized by the presence of osteocytes in the inner
part, as well as osteoblastic and osteoclastic activity in
the outer part. These findings indicate that the three
materials may be suitable for bone augmentation
procedures due to their osteoconduction characteristics.
There were, however, differences in the percentage of

n X+SD
Age

Allograft 8 |49.500 + 6,302

Xenograft 9 50,333 + 14,370

Alloplastic 8 49,250 + 2,659

ANOVA F=0,031; df = 22; p = 0.970
Days Grafted

Allograft 8 218,125 + 133,264

Xenograft 9 | 244,556 + 87,817

Alloplastic 8
ANOVA

159,375 + 45,701

F=1,741; df = 22; p = 0.199

Number of samples (n), mean (X), standard deviation (SD), ANOVA critical
value (F), degrees of freedom (df) and significance level (p).

TABLE 4 Variance analysis for patients age and amount of days from
grafting procedure to sample obtaining.

Xenograft - Vital Bone

Ridge 7  47.584 + 16.182

Preservation

Sinus Lift 2 35.965 £ 32.081

T test t=0,752; df = 7; c = 2.365; p > 0.05

Xenograft - Particles

Ridge 7 | 37.526 + 13.271

Preservation

Sinus Lift 2 | 51.285 + 39.068

T test t=-0,893; df = 7; ¢ = 2.365; p > 0.05

Alloplastic Graft - Vital Bone

Ridge 4 44598 + 15.694

Preservation

Sinus Lift 4 52.955 + 14.662

T test t=-0,778; df = 6; c = 2.447; p > 0.05

Alloplastic Graft - Particles

Ridge 4 1 27.050 + 8.272

Preservation

Sinus Lift 4  28.065 + 15.187

T test t=-0,117; df = 6; c = 2.447; p > 0.05

Number of samples (n), mean (X), standard deviation (SD), t value (t),
degrees of freedom (df), critical value (c) and significance level (p)

TABLE 5 The differences between xenograft and alloplastic graft groups for
vital bone and remaining particles with respect to the type of procedure..
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newly formed bone between graft particles. The allograft
presented a significantly higher amount of newly formed
bone percentage than the xenograft, nevertheless,
the percentage of newly formed bone in the allograft
group showed differences in its distribution. This could
indicate that the amount of newly formed bone between
the graft particles may be influenced by other factors,
like type of surgery, graft maturation time or patient’s
characteristics. This difference in newly formed bone
percentage could also indicate a different type of
biological behavior of the evaluated grafts. With respect
to remaining bone particles, there were no differences
between grafts. A study conducted by Scarano and
coworkers showed similar results, with respect to newly
formed bone and remaining particles, comparing a
demineralized freeze-dried allograft, a xenograft and
an hydroxyapatite alloplastic graft in sinus grafting
procedures (25). Another study by Froum et al. (19)
showed differences in remaining graft particles between
the allograft and xenograft, due to a greater resorption
of the allograft particles. These results also agree with
those of other studies, which have shown significant
differences between bovine xenograft and alloplastic
graft, favoring the latter, in terms of vital bone formation
and less remaining particles (26, 27). Another study by
Gonshor and Tye, evaluating a bovine xenograft in ridge
preservation procedures, showed slightly different results
compared with the present study, with less mean of newly
formed bone content (26.4%) and more mean remaining
particles (38.4%) (28). The differences between studies
might be due to the characteristics of the materials used,
patient features, operator skills and also to the type of
surgical procedure performed.

The evaluated alloplastic grafting material, composed
of a mixture of hydroxyapatite and beta-tricalcium
phosphate, showed no significant differences in terms
of newly formed bone and remaining graft particles
percentages, compared with the allograft and xenograft,
indicating that it could be used as an alternative in
bone regeneration procedures. Recent studies have
shown good results using tricalcium phosphate alone or
combined with hydroxyapatite (29, 30). Moreover, the
ossteoinductive potential of a newly developed biphasic
calcium phosphate was recently reported, indicating that
some alloplastic grafts might not only serve as a scaffold,
but might also be able to promote osteoinduction (31).
Furthermore, the possibility of using an alloplastic graft
material instead of an allogeneic or a xenogeneic graft
may decrease the risk of disease transmission, especially
with regard to prion transmission associated to bovine
derived grafting materials (32, 33).

The differences in newly formed bone and remaining
particles with other studies might be due to the different
type of surgeries performed and also to the different
healing periods from surgical procedure to sample
harvesting. Although the tests performed in this study
showed no differences with respect to patient’s age, type

of surgery and amount of days from grafting procedure to
sample harvesting between the groups, all these findings
should be further studied in well-performed clinical
trials, with more homogeneous and controlled groups. It
has been also proposed by several Authors that human
derived growth factors and also recombinant growth
factors, peptides or bone morphogenetic proteins, in
combination with different grafting materials, may
enhance the histologic characteristics of the regenerated
tissue (34-37), therefore these potential benefits should
be evaluated in future studies.

Within the limitations of this study, we could observe
that the three studied grafts presented adequate
osteoconduction characteristics in terms of newly
formed bone apposition. The allograft presented a
significantly higher amount of newly formed bone
than the xenograft. There were no differences in the
percentage of newly formed bone between the allograft
and the alloplastic graft, and between the alloplastic
graft and the xenograft. No significant differences in the
percentage of residual particles between the three types
of grafts were observed. All studied bone substitute
materials showed good characteristics for their use in
bone regeneration therapies. Better controlled studied,
with more homogenous groups of samples, evaluating
the type of procedure performed and the healing period,
should be performed to validate these findings.

“No potential conflict of interest relevant to this article
was reported"”.
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