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Three sinuses were grafted with a bioactive glass bone substitute (Biogran) mixed
with autogenous bone retrieved from intraoral donor sites. In two of the three
sinuses a platelet-rich plasma (PRP) gel was added to the graft. Bone biopsies
retrieved after 5, 6, and 15 months were analyzed. Micro–computerized tomography (micro-CT) values of total bone volume/total volume (TBV/TV) were very reliable compared to histomorphometry. Biogran mixed with autogenous bone and
PRP seems to have a positive effect in sinus grafting, with TBV/TV values ranging
between 40% and 68%. Micro-CT results have never been compared with histomorphometry for the evaluation of grafted biomaterials. Micro-CT evaluation of
some morphometric parameters was difficult, because the radiodensities of
Biogran and a certain grade of bone mineralization were similar. (Int J Periodontics
Restorative Dent 2006;26:113–125.)

*Private Practice, Pescara, Italy; Scientific Director, Biomaterials Clinical Research
Association, Pescara, Italy.
**Private Practice, Genova, Italy; Secretary, Biomaterials Clinical Research Association,
Pescara, Italy.
***Private Practice, Genova, Italy.
****Private Practice, West Palm Beach, Florida.
Correspondence to: Dr Paolo Trisi, Via San Silvestro 163/3, 65132 Pescara, Italy; fax:
+390-85-693351; e-mail: paulbioc@tin.it.

The edentulous posterior maxilla
often presents with insufficient bone
quality and quantity to achieve predictable rehabilitation with endosseous oral implants.1–3 Crestal bone
resorption and pneumatization of
the maxillary sinus are often evident
after loss of posterior teeth.4,5
Clinical success has been obtained
by grafting the maxillary sinus with different materials,2,6,7 including autogenous bone, either in blocks from extraoral donor sites 8 or minced into
particles.2,9 Sinus grafting procedures
have been proposed before or simultaneously with implant placement.2,9–11
New bone formation after sinus graft
procedures has been demonstrated
by the use of histologic analysis in animals12 and in humans.13–15
A consensus conference on the
subject of sinus floor elevation in 19964
summarized the bases of the clinical
experience of 38 surgeons, who had
placed 3,554 implants in 1,007 posterior maxillae using bone and various
bone substitutes and a combination of
different grafting materials. Because
the data from the consensus conference4 were so multivariate and multifactorial, definite conclusions could not
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be drawn, and clinicians await controlled prospective studies to better
understand which are the best materials and techniques.
Dental research employs qualitative and quantitative morphometry as
methods to evaluate bone integration
of dental implants, biomaterials, and
regenerative procedures.16,17 Bone
histomorphometry18–21 allows the
evaluation of many parameters, such
as bone volume (bone volume/total
volume, or BV/TV) and bone structure,
including trabecular thickness, trabecular separation, and trabecular
number. Dynamic parameters (eg,
bone formation and resorption rate,
bone balance) can also be evaluated
by labeling bone with tetracyclines.
These parameters are able to give
many indications about the development of bone tissue during the healing period or when subjected to a
functional load.18–23
Bone morphometric analysis has
traditionally been assessed in twodimensional (2D) histologic sections,
with a third dimension added on the
basis of stereology. In an attempt to
better evaluate bone connectivity,
other three-dimensional (3D) procedures have been proposed. 24,25
Micro–computerized tomography
(micro-CT) scanning is a nondestructive
alternative approach to outline and
quantify bone in three dimensions,
allowing higher-resolution 3D images
and quantitative measurements of the
trabecular bone structure.26,27
The histologic processing of
bone biopsies containing alloplastic implants is a destructive procedure,28 and the measurement technique for bone histomorphometric

analysis is tedious and time consuming.29 However, the histologic
process allows high resolution, good
image contrast, and a large number
of evaluations, including that of
number and type of cells.30
The development of regenerated
bone tissues has not been fully clarified
from a biomechanical viewpoint, especially when biomaterials are used as
bone substitutes. It is therefore important to analyze 3D bone architecture
and its relationship to the biomaterials
used to better clarify the biomechanical implications of regenerated bone,
since bone regeneration is often performed to obtain a functional strong
anchorage for implants. Because bone
substitutes are often used for sinus
grafts, the need for more studies is
evident, especially for such characteristics as the ability to conduct bone, the
ability to be resorbed after healing,
and their functional behavior when
bone is subjected to different load conditions.
The aim of the present study was
to evaluate bone biopsies from the
grafted sinuses of three patients.
Biopsies from the patients were evaluated with standard histomorphometry and micro-CT. The values obtained
with the two different techniques were
compared to verify the reliability of the
micro-CT technique as a new way to
the evaluate bone samples containing hard biomaterials.

Method and materials
Three patients in good general health
who required dental implants in the
posterior atrophic maxilla gave writ-

ten informed consent. Each received a
bone graft in the maxillary sinus composed of a ceramic bone substitute
(Biogran, 3i Implant Innovations) mixed
with autogenous bone chips retrieved
from intraoral donor sites, with the
addition of an autogenous gel of
platelet-rich plasma (PRP) in two of the
three cases. Biogran was used to augment the autogenous bone. The volume needed was determined by
required implant length. PRP gel was
added because autogenous bone was
part of the graft, and PRP should positively affect the cellular component of
the autogenous bone graft.
After 20, 24, and 60 weeks of healing, during the surgical re-entry for
implant placement, a bone biopsy was
retrieved from each sinus and fixed for
morphometric analysis. After removal,
the specimens were sent to the laboratory of the Biomaterials Clinical
Research Association, Pescara, Italy,
and processed for micro-CT and histologic examination. Initially, the samples were embedded in resin and analyzed by 3D micro-CT (Scanco
Medical); subsequently, histologic sections were prepared for standard histomorphometric measurements.

Sample preparation
Bone biopsies were immediately
rinsed in saline, fixed in 10% formalin, and processed to obtain thin
ground sections. The specimens
were dehydrated in an ascending
series of alcohol rinses and then
embedded in acrylic resin. After
polymerization, the specimens were
ready for micro-CT examination.
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Sample 1
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19,160
20,840
22,520
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29,240
30,920

0.005

Voxels opaque to x-rays

Fig 1 Histogram of grayscale values normed to TV. The gray-level
distribution allows distinction of the different materials. Peaks
under the threshold of 10,760 indicate soft tissues, peaks between
10,760 and 19,660 indicate bone, and peaks over 19,660 indicate
the radiopaque particles of the grafting materials (autogenous
bone particles and Biogran).

Micro-CT processing
The specimens were scanned with a
high-resolution micro-CT system (µCT-20, Scanco Medical) in multislice
mode. Each 3D image data set consisted of approximately 400 microCT slice images (1,024  1,024 pixels with 16-bit grey levels).27,31
The specimens were scanned in
high-resolution mode with an x, y,
and z resolution of about 20 µm. The
voxel size was 15  15  15 µm3.
Scanning time for each specimen
was approximately 4 hours. MicroCT measurement of the bone/graft
was obtained by working on the
thresholds of the gray levels. After
scanning, the 3D data sets were segmented by using two different
thresholds for bone and the ceramic
biomaterial to separate the different
materials. The first threshold was set
to 10,760 (arbitrary units that correspond to density) to view both the
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0.008
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27,224
28,400
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31,928

0.025

TV/1,000
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Voxels opaque to x-rays

Fig 2 Histogram of grayscale values normed to BV. Peaks under
the threshold of 19,660 indicate bone and peaks over 19,660 indicate Biogran. From this graphic it is evident that the radiodensity of
Biogran and that of a certain grade of bone mineralization are very
similar.

bone and the graft; the second
threshold was set at 19,660 (arbitrary units that correspond to density) to view the graft only. The
threshold values were determined
by analyzing the gray-level distribution (histogram analysis) and picking up the intermediate gray-level
value between the two peaks of the
materials to be distinguished (Figs 1
and 2).
With the arbitrary threshold of
19,660, it was possible to visualize
and measure only the graft (autogenous bone chips and Biogran granules), since this threshold hides new
bone tissue, which is generally lower
in density, thus allowing measurement of graft particles only (see Fig
2). By subtracting the measurement
of graft volume (GV/TV) from the
measurement of all bone + graft volume (total bone volume [TBV] /TV),
the measurement of bone volume
(BV/TV) was determined.

Histologic processing
After the micro-CT scanning of the
samples was completed, the specimens were sectioned at 200 to 250 µm
by a Micromet high-speed rotating
blade microtome and subsequently
ground down to about 40 to 50 µm by
an LS2 grinding machine (Remet). The
histologic slides were routinely stained
with toluidine blue and basic fuchsin.
Three sections were produced for each
biopsy.
The histomorphometric analysis
was performed by digitizing the
images from the microscope via a JVC
TK-C1380 Color Video Camera (JVC
Victor Company) and a frame grabber. Subsequently, the digitized
images were analyzed by the image
analysis software IAS 2000 (Delta
Sistemi). The images were acquired
with a 5 objective all around the
implant surface.
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Table 1

Morphometric measurements under micro-CT (µCT) and under conventional
histomorphometry (Histo)
Healing time PRP in
(mo)
graft?

Sample 1
Sample 2
Sample 3
Mean
SD

5
15
6
—
—

Yes
No
Yes
—
—

TBV/TV (%)
µCT
40
68
64
57.33
15.14

Histo
42.52
65.70
58.85
55.69
12.92

BV/TV (%)

GV/TV (%)

µCT

Histo

µCT

Histo

29
34
36
33
3.60

37.53
49.71
41.32
42.85
6.23

11
34
28
24.33
11.93

4.99
15.99
17.53
12.84
6.84

BGC/TGS (%)
Histo
25.79
60.17
45.24
43.73
17.24

TBV/TV = total volume; BV/TV = vital bone volume; GV/TV = graft volume; BGC/TGS = bone/graft contact.

Table 2

Morphometric measurements of connectivity
parameters under micro-CT (µCT) and under
conventional histomorphometry (Histo)
TbN (1/mm)

Sample 1
Sample 2
Sample 3
Mean
SD

µCT

Histo

6. 05
5. 27
6. 45
5.92
0.60

2.54
2.91
4.30
3.25
0.92

TbTh (µm)
µCT
70
130
100
100
30

TbSp (µm)

Histo

µCT

Histo

167.38
225.83
136.86
176.69
45.21

100
60
60
73.33
23.09

226. 24
117. 88
95. 69
146.60
69.85

TbN = trabecular number; TbTh = trabecular thickness; TbSp = trabecular separation.

Morphometric measurements
The morphometric parameters calculated by both the micro-CT and
standard histomorphometry were:
total volume (TV), total bone volume
(TBV/TV), bone volume (BV/TV), trabecular thickness (TbTh), trabecular
separation (TbSp), trabecular number (TbN), graft volume (GV/TV),
total graft surface (TGS), and bone
graft contact (BGC/TGS).
TBV/TV represents the total volume amount of the mineralized
bone, plus that of the graft embed-

ded in the bone matrix. BV/TV represents the amount of mineralized
bone after subtraction of the graft
volume (GV/TV). GV/TV represents
the amount of graft particles still
present in the specimens. Under
standard histomorphometric evaluation the percentage of direct contact between particles of Biogran
and bone trabeculae was calculated,
and this value was expressed as a
percentage of bone graft contact
(BGC%) over the total surface of
Biogran particles (GS).

The morphometric values
obtained by micro-CT were compared with the values obtained by
standard histomorphometric analysis. Micro-CT measurements were
calculated from the mean of the values obtained from 400 slices (sections), while the histomorphometric
measurements were as usual calculated from the mean of the values
from three sections per sample.
The values obtained with the
two different techniques were compared statistically using analysis of
variance.

Results
The morphometric results from the
standard histologic quantitative
analysis and from the micro-CT are
summarized in Tables 1 and 2.
The 3D reconstruction of the
sequence on CT scan images from
the micro-CT allowed the authors to
find almost the same histologic section analyzed and also to correlate
the 2D section with the 3D structures.
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Micro-CT results

Morphologic description of
3D and 2D micro-CT images

The mean TBV/TV measured
57.33%, the mean BV/TV measured
33%, and the mean GV/TV measured 24.33%. The mean structural
values of connectivity were as follows: TbN = 5.92 (1/mm), TbTh =
100 µm, and TbSp = 73.33 µm.
Figure 1 is normalized with the
total number of voxels (pixel3) for
each sample. The blue line, which
refers to sample 1, shows a high
peak on the left, indicating the presence of a lot of soft tissue and small
amounts of bone and bioglass.
Samples 2 and 3 showed an equal
distribution of the voxel density
between soft and hard tissues.
Figure 2 is normalized with the number of bone voxels (voxels above
10,760) per sample. Sample 1
showed a higher percentage of
bone than graft, whereas samples 2
and 3 had equal amounts of bone
and graft.

Histologic and
histomorphometric results
The mean TBV/TV measured
55.69%, the mean BV/TV measured
42.85% and the mean GV/TV measured 12.84%. The mean structural
values of connectivity were: TbN =
3.25 (1/mm), TbTh = 176.69 µm, and
TbSp = 146.6 µm.

The visual assessment of the bony
structure obtained with micro-CT
produced several 2D slices and a 3D
reconstruction of the specimens.
The 2D slices allowed the
authors to distinguish most of the
Biogran granules, which were often
denser than the autogenous bone
particles of the graft and of the bony
trabeculae on radiographs. The 3D
reconstructions gave a precise representation of the bone trabeculae
and allowed visual exploration of the
bone architecture in all parts of the
biopsy.
The 3D reconstructions allowed
the authors to obtain 3D images of
bone and Biogran (Fig 3a), and by
image subtraction, Biogran alone (Fig
3b), allowing the evaluation of the 3D
distribution of all the grafted particles
in the space. In some parts of the 2D
and 3D sections, it was difficult to distinguish Biogran granules from the
autogenous bone chips in the graft,
because the radiodensity of the
Biogran granules was very similar to
that of the bone (Figs 3b and 3c).

Morphologic description of
each sample analyzed
Sample 1
This sample was retrieved from the
sinus after 5 months of healing. The
bone graft inserted in the sinus was
composed of 75% (by volume)
Biogran and 25% autogenous bone.
A PRP gel was added to the graft.

At micro-CT examination, three
main radiodensities were observed.
On one side was a very high density
with a granular shape, which could presumably represent granules of Biogran
(white), while on the other side was a
dark gray structure with a morphology
similar to that of thin bone trabeculae.
A third structure with an intermediate
radiodensity (between the Biogran and
the bone trabeculae) was also visible.
This structure had a different morphology from the Biogran particles
and the bone trabeculae and could
represent the autologous bone chips
of the graft (see Fig 3c).
Histologic examination revealed
that bone trabeculae appeared to be
composed mainly of woven bone with
many large rounded osteocyte lacunae (Fig 3d). Regions of osteoid formation and lamellar bone formation
were found on bone surfaces.
Resorption lacunae were also
observed. Biogran particles were
found embedded in new bone, showing the typical border staining and
cracks (Fig 3e). Twenty-six percent of
the graft particle surface was in contact with mineralized bone. The 3D
micro-CT examination (Figs 3a and
3f) and the quantitative analysis of the
bone structure revealed a TBV/TV of
43%, although this sample had healed
for only 5 months. The 3D image of
the biopsy showed a very dense bone
structure (see Figs 3a and 3f). The
visual analysis of the graft (see Fig 3b)
obtained through the digital image
subtraction gave an idea of the spatial distribution of the grafted particles, allowing the authors to recognize
the shape of autogenous bone chips
and of Biogran granules.
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*

Fig 3a Sample 1. Three-dimensional
micro-CT reconstruction of a cylindric biopsy retrieved from a sinus grafted with
Biogran after 5 months of healing. This sample shows a representation of the bone trabeculae (original magnification 16).

Fig 3b Sample 1. Three-dimensional
micro-CT image showing the spatial distribution of the graft in the biopsy. By applying
the image subtraction technique, it was
possible to subtract from the image all the
parts under a certain threshold of radiodensity. In this way the grafting material could
be distinguished from bone. In this image,
two different shapes are evident: particles
(arrowheads), probably Biogran granules,
often broken into small parts, and particles
(arrows) that closely resemble the autogenous bone chips of the graft (original magnification 16).

Fig 3c Two-dimensional micro-CT analysis
of sample 1. It is possible to observe three
main radiographic densities. A very high
density with a granular shape could presumably represent granules of Biogran
(arrowheads). It is also possible to see dark
gray structures with a morphology similar to
that of thin bone trabeculae (arrows). A
third structure is visible, with a radiodensity
that is intermediate between the Biogran
and the bone trabeculae, that could represent the autologous bone chips (asterisks)
(original magnification 16).

Fig 3f Three-dimensional micro-CT
overview of sample 1, showing the bone
structure (original magnification 16).

Fig 3d Histologic overview of sample 1.
Thin bone trabeculae are visible (blue staining), containing many large and rounded
osteocytic lacunae. Small and crumbled
pieces of Biogran are found between the
bone and marrow tissues (toluidine blue;
original magnification 25).

Fig 3e Sample 1. Biogran particles were
found embedded in new bone showing the
typical border staining and cracks. Twentysix percent of the graft particle surface is in
contact with mineralized bone (toluidine
blue; original magnification 50).
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Fig 4a (top left) Sample 2. A dense bone
was found composed of thick trabeculae
very well connected to each other (dark
gray). Dense particles similar to granules of
Biogran (light gray), mostly encased within
mineralized bone, are evident (arrowheads).
The particles are mostly broken into pieces
or excavated into the center (2D micro-CT;
original magnification 16).
Fig 4b (top right) Histologic overview of
sample 2. The analysis revealed a dense trabecular bone composed of thick trabeculae
that were very well connected to each other
(purple staining). The particles of Biogran
are visible as white spots with sharp edges
into the bone trabeculae. These particles
appear broken into pieces (arrows) and
excavated in the center (arrowheads). The
central excavations are often filled with
bone (basic fuchsin and toluidine blue; original magnification 25).
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M

*
G

*
M

M
B

G

*

G
G

B

G

Fig 4c (bottom left) Higher magnification
of the sample shown in Fig 4b. Large
amounts of Biogran particles were found
encased in the bone matrix, mostly osseointegrated. The Biogran particles are disrupted in small pieces (arrows) or hugely excavated in the center and filled by bone (asterisks) (basic fuchsin and toluidine blue; original magnification 200). B = bone; G =
granules of Biogran; M = soft marrow tissue.

G

M

Fig 4d (bottom right) In some places, the
surfaces of the Biogran particles (G)
exposed to the soft marrow tissue (M) are
covered by macrophages digesting small
parts of the graft (basic fuchsin and toluidine blue; original magnification 400).

Sample 2
This sample was retrieved from the
sinus after 15 months of healing. The
bone graft inserted in the sinus was
composed of 90% (by volume)
Biogran and 10% autogenous bone
retrieved from intraoral donor sites.
The 2D micro-CT analysis
showed dense bone composed of
thick trabeculae that were very well
connected to each other (Fig 4a).
Radiopaque particles, similar to
Biogran granules and mostly in contact with mineralized bone, were evi-

dent. Some of the particles seemed
to be broken into pieces or excavated at the center. The central excavation was often filled by bone.
The histologic examination confirmed these observations (Fig 4b); it
also revealed that the bone matrix
was mainly composed of lamellar
bone, but in the central core of the
trabeculae, some islands of woven
bone were still present. The volume
occupied by the Biogran particles,
under histologic analysis, measured
16% of the total volume, while the

G

M

mineralized bone occupied 50% of
the total space of the biopsy. Sixty
percent of the graft particle surfaces
were in contact with mineralized
bone. The bioglass particles had
split into small pieces or were hugely
excavated in the center and filled by
bone (Fig 4c). The bone surfaces
were mostly in a resting state, but
signs of bone remodeling were also
found. The surfaces of the Biogran
particles exposed in the marrow tissues were covered by macrophages
(Fig 4d).
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Fig 5a Two-dimensional micro-CT analysis
of sample 3. This sample revealed a trabecular bone structure, with numerous particles
of Biogran and internal central excavations
(asterisks) in the bone matrix and in soft tissue. In the lower part of the picture, a large,
heavy, mineralized fragment of dense
matrix is visible (FT), similar in shape and
dimension to an autologous bone chip, also
visible in the histologic section labeled A in
Fig 5b. All around the heavy mineralized
fragment, thin trabeculae of low radiodensity are present, possibly an expression of
thin woven bone trabeculae (arrows) (original magnification 20).

Examination of the 3D micro-CT
reconstruction revealed very dense
bone, with thick trabeculae that were
very well connected to each other.
The subtraction analysis showed
many small radiographically dense
particles—probably Biogran particles—that were broken into small
pieces and dense particles similar to
the autogenous bone chips of the
graft.
Sample 3
This sample was retrieved from a
grafted sinus after 6 months of healing. The sinus was grafted with a
mixture of Biogran (75% by volume)
and 25% autogenous bone,

B

M

A

B
G
N
G
N

WB

M

Fig 5b Histologic overview of sample 3.
Dense trabecular bone, mainly woven
bone, was found in this sample. Many
Biogran particles (G) are visible embedded
in the new bone (N), and a large autologous
bone chip was also found (A; see FT in Fig
5a) (basic fuchsin and toluidine blue; original magnification 50).

Fig 5c Higher magnification of the sample
shown in Fig 5b. The bone surfaces are covered almost everywhere by layers of osteoid
(arrowheads). A fine woven bone network
(WB) is present (basic fuchsin and toluidine
blue; original magnification 100). B =
bone; G = granules of Biogran; M = soft
marrow tissue.

retrieved from intraoral donor sites
and minced into particles. A PRP gel
was added to the graft.
At the 2D micro-CT examination
(Fig 5a), this sample revealed a
dense trabecular bone with particles
of Biogran in the bone matrix and in
soft tissue. Some particles of Biogran
revealed an internal central excavation with bone inside. Other particles
appeared to be crumbled into
pieces, mostly surrounded by bone.
In some parts of the biopsy, very thin
trabeculae of a low radiodensity
were present, possibly an expression of thin woven bone trabeculae.
The histologic analysis (Figs 5b and
5c) showed that most of the new

bone was woven. Many particles and
some large autologous bone chips
were visible in the histologic sections (see Fig 5b), whose extended
shape resembled the images on the
micro-CT reconstruction. The bone
surfaces were covered by layers of
osteoid almost everywhere (see Fig
5c). Particles of Biogran were found
embedded in the bone matrix and in
contact with the soft tissues. Fortyfive percent of the Biogran surfaces
were in contact with mineralized
bone. Also, particles of autologous
bone chips were found (see Fig 5b)
surrounded by new woven bone.
Examination of the 3D reconstruction revealed dense bone. The
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subtraction analysis revealed
radiopaque particles that closely
resembled bone chips of the graft.

Statistical comparison of
the results
Comparing the results obtained by
conventional histomorphometry and
micro-CT, we observed that:
• The values for TBV/TV obtained
by both methods were very similar
in all the samples, without statistically significant differences.
• The values of BV/TV obtained by
histomorphometry were always
higher (by about 30%) than those
obtained by micro-CT, but without
statistically significant differences.
• The values of GV/TV obtained by
histomorphometry were always
lower than those obtained by the
micro-CT, but without statistically
significant differences.
• The values of TbN obtained by histomorphometry were lower than
those obtained by micro-CT and
were statistically significantly different.
• The values of TbTh and TbSp
obtained by micro-CT were lower
than those obtained with histomorphometry, but without statistically significant differences.

Discussion
The density of regenerated bone is
often very low after a few months of
healing and depends on the time of
healing32 as well as on the density of
the preexisting bone around the
defect.33 However, the load applied
under function to implants placed in
the posterior maxilla is very high
because posterior teeth are in close
proximity to the temporomandibular
joint. It is therefore important to clearly
analyze the 3D architecture of the
regenerated bone after sinus grafting
and its relationship with its mechanical
competence to better clarify the healing time of the graft and the implants
and to determine what loading conditions to apply.
In 1989 Feldkamp et al26 introduced an x-ray micro-CT system to
create 3D images. More recent
developments34 allowed the creation of higher-resolution 3D images
and quantitative measurements of
the trabecular bone structure.27
Micro-CT was validated as a
method for the 3D assessment and
analysis of cancellous bone by Muller
et al in 1998, who compared the morphometric results of conventional histomorphometry to results of microCT.35 These authors demonstrated the
strength of 3D representation of trabecular bone architecture in comparison with conventional 2D histology,
showing excellent correlation of the
indices assessed. Recent studies have
proposed the application of micro-CT
for dental implant research.36,37
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The mechanical properties of
bone largely depend on the 3D
structure,24,38,39 which is measured
by the bone volume and the connectivity indexes. The ultimate goal
of any bone measurement in
patients is to estimate bone
strength.31,38 Because most regenerative procedures are performed to
obtain strong tissue to support
implant placement, it is important
to precisely quantify bone microarchitecture with a 3D technique, such
as micro-CT 3D analysis.
To the authors’ knowledge, microCT techniques have not been used to
perform a 3D quantitative evaluation
of bone biopsies containing hard biomaterials from the maxillary sinus. To
validate micro-CT measurements, it is
very important to compare the data
obtained by standard histomorphometry to the data obtained using microCT in the same biopsy sample. This is
possible because micro-CT is a nondestructive technique that allows subsequent histologic analysis.
All the samples analyzed in the
present study showed that the 2D
histologic analysis gave almost the
same results, without statistically significant differences in TBV/TV, as the
3D micro-CT scanning. Other evaluated variables did not show statistically significant differences, even
when the mean values were quite
different. These differences were
particularly evident in the micro-CT
measurements of BV/TV, which were
always lower, and the micro-CT measurements of GV/TV, which were
always elevated versus the histomorphometric measurements. This
fact could be explained by the phys-

ical characteristics of the radiopaque
graft material that was inserted in
the sinuses, which was a mixture of
autogenous bone and Biogran,
which have similar radiodensity. For
this reason, the histogram analysis of
the gray levels (see Fig 2) shows a
superimposition of a part of the
peaks, which certainly caused a
modification of the quantitative
micro-CT results of BV/TV and
GV/TV. This was particularly evident
at the 3D examination of the GV/TV
after subtraction analysis (see Fig
3c), where we expected to find only
bioglass particles but also found
radiopaque particles that closely
resembled the bone chips that were
added to the graft. Moreover, under
histologic analysis we could not distinguish between newly formed
bone and grafted autologous bone
because of the difficulty in clearly
identifying the latter. After some
months of healing, Biogran particles
seemed to be broken into small
pieces. Very small bioglass fragments were much more difficult to
detect with resolution of the microCT and also with visual 3D analysis.
The lack of statistically significant differences could also be a result of the
small number of samples and large
variations between samples in the
same group.
The histologic examination
showed the same differences
between samples, but the connectivity values obtained from the
micro-CT were quite different from
the corresponding histologic values.
This may be a result of the 2D limitation of the histologic analysis for
parameters that reflect a structural
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spatial organization, as do the connectivity indexes.
Sample 1 had low percentages
of new bone and Biogran. In contrast, samples 2 and 3 were quite
similar and demonstrated a very
dense BV/TV and a higher percentage of Biogran overall. However,
sample 1 had healed for only 5
months. This could explain the differences found between sample 1
and sample 2, which had healed for
15 months, and the smaller differences between sample 1 and sample 3, which had healed for only 6
months. However, the differences
between samples 1 and 3 were particularly evident when examining the
total bone volume (TBV/TV)
obtained, while they seemed to be
less evident in examining vital bone
volume (BV/TV). Another observation was the similar total bone volume (TBV/TV) obtained in samples 2
and 3. Sample 2 had healed for 15
months but did not include PRP.
Sample 3 had healed for 6 months
but did include PRP. This could indicate that PRP might favor or accelerate new bone formation. But PRP
was also included in the sample 1
graft, and the percentage of total
bone volume was still lower after 5
months. However, a percentage of
total bone volume around 40%,
although it was lower than in the
other samples, is sufficient for predictable implant placement and can
be considered a satisfying percentage of new bone formed if it is taken
into account that the graft had
healed for only 5 months. Moreover,
the percentage of vital bone volume
(BV/TV) obtained was 37.53% after 5

months and 41.32% after 6 months.
These are notable results that might
be explained by the positive effects
of PRP or Biogran on bone regeneration or by the combination of both.
With the limitation of the small
number of samples analyzed, the
results of the present study also
showed that PRP added to a mixture
of autogenous bone and Biogran
could improve the new bone formation, with a reduction in the time
needed for the graft healing and a
high quantity of bone formed after
only 5 to 6 months.
Moreover, micro-CT was shown
to be a fast, nondestructive procedure that allowed measurement of
trabecular and compact bone and of
the radiopaque grafting materials in
unprocessed biopsies as well as an
automatic determination of 3D structural morphometric indices. The
encouraging data collected in this
series of three case reports encourage us to continue this study. In the
future, micro-CT might help us to
investigate the relative importance
of bone architecture as a better
index of bone strength, especially
when used in combination with histologic study.
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