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(1—2 mm) or small (0.25—-1 mm) bovine
bone mineral particles: a prospective,
intra-individual controlled clinical,
micro-computerized tomography and
histomorphometric study
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Abstract

Objectives: To compare the amount of newly formed bone after sinus floor augmentation with two
different particle sizes of bovine bone mineral (BBM) using clinical, micro-computerized tomography
(CT) and histological techniques.

Methods: Bilateral sinus floor augmentations were performed in 10 patients. Six to 9 months later,
bone samples were retrieved and analyzed.

Results: Results: Both groups were not different in vertical bone height achieved after augmentation,
post-operative complications and maximal torque for the insertion of implants. Micro-CT
measurements could not detect a statistically significant difference in bone volume between the
groups (with a tendency for new more bone in the small granules group). Histomorphometric analysis
revealed that both granule sizes produced the same pattern of bone formation, surrounding the graft
granules, and producing a shape of a network, “bridging” between the BBM particles. Multi-
nucleated giant cells, probably osteoclasts, were observed directly on the BBM particle surface in both
groups. The osteoclast-like cells preferred the small-size BBM particles and not the large particles both
in the small-size and the large-size granules group.

Conclusion: Both sizes of BBM granules preformed equally and achieved the aim of the sinus floor

augmentation procedure clinically and histologically.

Crestal bone resorption and pneumatization of the
maxillary sinus are often evident after loss of
maxillary posterior teeth (Tallgren 1972; Brane-
mark et al. 1984; Blomqvist et al. 1996; Sharan
& Madjar 2008). The edentulous posterior maxilla
in these cases, often presents with an insufficient
bone quantity for the restoration of posterior miss-
ing teeth with dental implants. One of the com-
mon methods for achieving sufficient bone volume
is sinus floor augmentation. Clinical success has
been obtained by grafting the maxillary sinus with
different bone replacement materials (Hallman &
Thor 2008; Nkenke & Stelzle 2009) before or
simultaneously with implant placement.

Various bone grafting materials were described for
sinus floor augmentation, such as autogenous bone
(Boyne & James 1980; Tatum 1986; Moy et al.
1993), human demineralized bone matrix (Groen-
veld et al. 1999), bovine deproteinized bone matrix
(Artzi et al. 2005, resorbable hydroxyapatite (Wagner

1991), porous hydroxyapatite (Smiler & Holmes
1987), tricalcium phosphate (Artzi et al. 2005) or
bioactive glass particles (Turunen et al. 2004).
Deproteinized bovine bone mineral (BBM) is a
well-documented grafting material and very pop-
ular for the augmentation of the maxillary sinus
floor. It was proven as a scaffold for new bone
formation in both animal models (Klinge et al.
1992; Spector 1994; Wetzel et al. 1995; Hurzeler
etal. 1997) and human clinical trials (Valentini &
Abensur 1997; Froum et al. 1998; Valentini et al.
1998; Piattelli et al. 1999; Tadjoedin et al. 2003).
BBM is a calcium-deficient carbon apatite with
a crystal size of approximately tonm (Smiler et
al. 1992; Hurzeler et al. 1997). This material was
found to be osteoconductive and the bovine bone
granules provided a scaffold for new bone forma-
tion (Klinge et al. 1992; Spector 1994; Wetzel et
al. 1995; Hammerle et al. 1998). When the
material was used for the augmentation of the
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sinus floor, it had led to the formation of lamellar
bone (Wetzel et al. 1995; Hurzeler et al. 1997)
and to an increase in bone density (McAllister et
al. 1998). In humans, deproteinized bovine bone
granules alone or mixed with other materials
(autogenous bone or demineralized freeze dried
bone allograft) was found to be highly osteocon-
ductive and allowed the creation of bone bridges
between and around the graft granules (Wallace et
al. 1996; Valentini & Abensur 1997; Froum et al.
1998; Piattelli et al. 1999).

Geistlich BioOss" is a commercially popular
BBM preparation, and it is available in two
particle sizes, 0.25-1 or 1-2 mm. Despite the
wide-scale research using this grafting material,
there are no available data comparing these two
particle sizes. Therefore, there is no scientific
basis to the clinician’s choice between these two
commercially available products.

The aim of this prospective human study was
to compare the amount of newly formed bone
after bilateral sinus floor augmentation with
BBM 0.25-1 or 1—2-mm-size particles using his-
tomorphometry (primary outcome measures),
micro-computerized tomography (CT) analysis,
radiographic and clinical measurements (second-
ary outcome measures). Our working hypothesis
was that due to the expected spaces between
the granules, using large granules will induce
the formation of more bone between the BBM
particles.

Material and methods

Patient selection

Ten patients, four females and six males, all non-
smokers, age range from 46 to 65 years with an
average age of 54.25, were included in this study.
All patients were candidates for bilateral max-
illary sinus augmentation, in a two-stage ap-
proach. The patients were included in the study
if they were able to comply with the study-
related procedures such as exercising good oral
hygiene and attending all follow-up procedures.
The exclusion criteria included pregnant and
nursing women, people who smoke more than
10 cigarettes a day, alcohol and drug abusers,
people suffering from uncontrolled diabetes
(HbA1c>7.5), severe osteoporosis, rheumatic
arthritis, precancerous or neoplastic lesions of
oral cavity and people suffering from any diag-
nosed pathology in the maxillary sinus. All
patients were fully informed of the study protocol
and implications, and consent forms were signed
before treatment. The study and the consent
forms were approved by the Ethics Committee
of the Hadassah Medical Center, and the guide-
lines for Good Clinical Practice were respected.
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In all 10 patients participating in the study, a
CT scan of the maxilla was taken. From the
tomography of each patient, three sagittal cuts
were selected from the mid portion of each sinus
and the residual bone height was recorded. These
three measurements were then used to obtain the
average residual alveolar height.

Surgical procedures

In each patient, one side was randomly assigned
(by a random table generated before the study by
T.C.) to be grafted with BBM 0.25-1 mm and the
contra-lateral side with BBM 1—2 mm (Geistlich
Inc., Wolhusen, Switzerland).
Thirty to 6omin before surgery, patients were
given 875 mg of amoxicillin/clavulanate potas-
sium (Augmentin, GSK, Worthing, West Sussex,
UK) plus 1.5g amoxicillin, and analgesics,
according to the decision and choice of the treat-

Biomaterials

ing surgeon. The maxillary sinus floor augmen-
tation was then preformed according to the lateral
window technique described by Boyne & James

(1980) and Tatum (1986) (Fig. 1). Under local
anasthesia, a muco-periosteal flap was elevated
and the lateral wall of the maxillary sinus was
exposed. An oval window was cut in the lateral
wall to enable the gentle elevation of the Schnei-
derian membrane. BBM (0.25-1 or 1—2 mm) and
blood clot were mixed and applied into the sinus
cavity by avoiding extreme packing. Before soft-
tissue closure, the entire obturated lateral win-
dow was covered with a resorbable collagen
membrane (Bio-Gide, Geistlich, Switzerland).
After surgery, the patients were prescribed Aug-
mentin 875 mg twice a day for a week, and
advised to rinse their mouth daily with chlorhex-
idine (0.2%) for 2 weeks. The patients were
examined 1 week post-surgery when the sutures
were removed. All patients were checked regu-
larly to verify healing. Any adverse reactions,
signs of infection, hamatomas or swelling were
recorded.

Six to 9 months after the augmentation proce-
dure, a second CT scan was performed (Fig. 2)

Fig. 1. Sinus floor augmentation technique used in this study. (a) Window preparation. (b) Membrane elevation. (c) Packing

using a syringe. (d) The packed granules.

Fig. 2. Example of a second-stage computerized tomography scan (6-9 months after augmentation procedure).
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Fig. 3. Harvesting bone sample during second-stage surgery.

Fig. 4. An example of a micro-computerized tomography scan showing three gray-scale areas to be examined: white, gray and

black.

and the bone height was measured as described
above. The patient was scheduled for implant
placement surgery. Before placing an implant, a
biopsy of the augmented tissue was retrieved
using a 3.5 mm internal diameter trephine bur
(Fig. 3). The insertion torque of each implant was
also recorded.

Initially, the samples were analyzed by three-
dimensional (3D) micro-CT. Subsequently, his-
tological sections were prepared for standard
histomorphometric measurements.

Micro-CT processing

The samples were fixed in 10% buffered forma-
lin, rinsed in saline and alcohol, and then
scanned using a high-resolution micro-CT sys-
tem (Scanco Medical, Bassersdorf, Switzerland).
The resolution of the scanning was about 16 um

© 2010 John Wiley & Sons A/S

in a multi-slice mode. Each 3D image data set
consisted of approximately 500 micro-CT slice
images. Scanning time for each specimen was
approximately 3h. Micro-CT measurements of
the bone/graft were obtained by working on the
thresholds of the gray levels (gray for bone, white
for graft and black for marrow spaces, Fig. 4). The
micro-CT scan produces serial two-dimensional
(2D) sagittal slides that could be reproduced to a
3D image (Fig. 5) using the scanner software.
With the arbitrary threshold, it was possible to
visualize and measure separately the graft parti-
cles alone and the bone segments alone. It was
not possible to distinguish the residual and new
bone segments. Fig. 6 was presenting the CT scan
taken before second-stage surgery and the corre-
sponding micro-CT 3D reproduction of the core
biopsy. Using the micro-CT software, the 3D
image reproduction was measured for the follow-

ing: TV, total volume of the whole core (mm3);
BV, bone volume (mm?3); BBM-BV, graft volume
(mm?3); BV/TV, % bone volume from the whole
core; BS, linear calculation of the surface of the
bone/graft trabecules (mm?); BS/TV, total surface
of bone/graft trabecules out of total core volume
(mm?®/mm?3); Th, trabecular thickness (mm); Sp,
spaces between bone/graft trabecules (mm); and
TbN, trabecular number (1 mm ~ ).

Histological processing

Following micro-CT scanning, the specimens
were processed to obtain thin ground sections
with the Precise 1 Automated System (Assing,
Rome, Italy). The specimens were dehydrated in
an ascending series of alcohol rinses and em-
bedded in a glycolmethacrylate resin (Techonovit
7200 VLC; Kulzer, Wehrheim, Germany). After
polymerization, the specimens were sectioned
along their longitudinal axis with a high-preci-
sion diamond disk at about 150 um and ground
down to about 30pum with a specially designed
grinding machine. The slides were stained with
acid fuchsin and toluidine blue. The slides were
observed in normal transmitted light under a
Leitz-Laborlux microscope (Laborlux S, Leitz,
Wetzlar, Germany). The histomorphometry was
performed using a light microscope (Laborlux S,
Leitz) connected to a high-resolution video cam-
era (3CCD JVC KYF55B), and interfaced to a
monitor and personal computer. This optical
system was associated with a digitizing pad
(Matrix Vision GmbH, Brescia, Italy) and a histo-
metry software package with image-capturing
capabilities (Image-Pro Plus 4.5; Media Cyber-
netics Inc., Immagin, Milano, Italy).

Statistical analysis

The results of the CT analysis and clinical mea-
surements were calculated as the means + SD
and ranges (95% confidence interval) for each
variable. The Wilcoxon signed-rank test was used
to assess the statistical significance of the micro-
CT and histological data, and the differences
between the large and small BBM granules. P-
values < 0.05 were considered significant.

Results

Patient demographic and clinical data

Ten patients participated in the study (four fe-
males and six males). The pre-operative alveolar
ridge residual height was 2.45 + 1.46mm
(90% confidence interval: 1-3.49mm) in the
side augmented with large BBM particles, and
1.95 + T.o6mm (95%
1.49-2.5 mm) in the side augmented with small
BBM particles (Table 1). No statistically signifi-
cant difference was measured between both sides

confidence interval:
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using the Wilcoxon signed-rank test. Six to ¢
months after sinus floor augmentation, the in-
crease in ridge height was measured from the
second CT scan. The post-operative alveolar ridge
residual height was 18 + 2.915 mm (95% con-
fidence interval: 14.99-20.s mm) in the side
augmented with the large BBM particles, and
18.3 + r.12mm (95% confidence interval:
14.99-20.49mm) in the side augmented with
the small BBM particles (Table 1). Again, no
statistically significant difference was measured
between both sides using the Wilcoxon signed-
rank test. At the second surgery, after taking the
biopsy, implants were inserted into the recon-
structed bone of the augmented sinus floor. Max-
imal implant insertion torque was > 50N for all
the inserted implants (Table 1), with no statisti-
cally significant difference between both sides.

The post-operative complications included
hematoma and swelling, regardless of the oper-
ated side or the granule size that was in use. In
one of the patients, there was a post-operative
infection, after the first surgery, on both sides
operated, but he recovered using antibiotic ther-
apy with no need for surgical intervention. In
another patient, during the second-stage surgery,
the augmented bone was found to be with a very
low density and was very porous in both sides of
the maxilla. No biopsies could be recovered from
this subject, and the patient was excluded from
the study.

Micro-CT analysis

The 2D slices produced from the CT scan al-
lowed us to distinguish the BBM granules from
the bone trabecules. Using the micro-CT soft-
ware, we defined the radio-opacity threshold for
bone and grafted material (white for grafted ma-
terial and gray for bone). Then we were able to
calculate from the 3D reconstruction the relative
volume and percentage of these elements out of
the whole core volume (TV) (Tables 2-5).

The morphometric results from the micro-CT
quantitative analysis are summarized in Tables 2
and 3. The relative bone volume in the speci-
mens retrieved from the large granules group was
7.99 + 4.23% (95% confidence interval: 3.99—
12.63%) while it was 14.64 + 12.03% (95%
confidence interval: 4.73-26.91%) for the small
granules group. The differences between the two
groups were not significant (P =o.15). For large
particles, the mean BV was 3.41 + 2.38 mm?
(95% confidence interval: 1.28-5.73 mm?) and
for the small particles, the mean BV was
5.39 + 4.72mm> (95% confidence interval:
1.79-10.34 mm?3). The difference between the
volumes of the BBM between the two groups
was also non-significant. For large particles, the
mean BBM-BV was 9.41 + 3.08 mm? (95%
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Fig. 5. (a) Example of a micro-computerized tomography (CT) three-dimensional (3D) reconstruction. (b) An example of
micro-CT 3D slice reproduction from the same sample as in (a). The slice is made from 40 original CT slides, with different
staining for thresholds — white for BioOss" and pink for bone.

Fig. 6. Sections from of a computerized tomography (CT) scan taken before implant placement. With a reproduction of the
micro-CT cores of the biopsies. (a) Right side, small particles, (b) left side, large particles.

Table 1. Clinical information

Large particles Small particles

Mean SD Cl Mean SD cl

Alveolar ridge height pre operative (mm)  2.45 1.46 1-3.49* 1.95 1.06  1.49-2.5**
Alveolar ridge height post operative (mm) 18 2915 14.99-20.5"* 183 1.12 14.99-20.49™*
Max insertion torque >50 >50

None of the differences between the groups were statistically significant (Wilcoxon'’s signed-rank test).
*Cl 90%.

**Cl 95%.

SD, standard deviation; Cl, confidence interval.

© 2010 John Wiley & Sons A/S



Table 2. Micro-CT-large vs. small particles
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Large particles

Small particles

Large vs. small

Mean SD cl Mean SD cl Cl P-value
BBM (%) 23.12 6.02 15.82-28.22 2289 832 13.86-9.87 —3.18t02.96 0.68
Bone (%) 7.99 423 399-12.63 1464 12.03 4.73-26.91 —-18.93t0 1.78 0.15
Soft tissue (%) 68.89 4.14 65.22-73.04 62.47 1495 47.18337 —247t021.71 0.46
None of the differences were statistically significant (Wilcoxon’s signed-rank test).
SD, standard deviation; Cl, 95% confidence interval; CT, computerized tomography.

Table 3. BBM, bone and soft-tissue volumes
Large particles Small particles
Mean SD Cl Mean SD Cl
Total volume (mm?) 41.22 10.31 31.38-51.76 38.09 6.94 31.85-44.73
BBM volume (mm?3) 9.41 3.08 6.1-12.52 8.77 3.91 4.5-12.71
Bone volume (mm?) 3.41 2.38 1.28-5.73 5.39 4.72 1.79-10.37
Soft tissue (mm?) 28.4 23.9
None of the difference were statistically significant (Wilcoxon’s signed-rank test).
SD, standard deviation; Cl, 95% confidence interval; BBM, bovine bone mineral.
Table 4. Bone values
Large particles Small particles
Mean SD cl Mean SD Cl

Bonef/total volume (%) 7.99 4.23 3.99-12.63 14.64 12.03 4.73-26.91
Bone surface (mm?) 71.58 41.56 29.83-114.99 112 103.13 36.91-219.12
BS/TV (mm?/mm?3) 1.72 0.78 0.93-2.5 3.01 2.59 0.96-5.55
Th (mm) 0.15 0.03 0.11-0.17 0.15 0.02 0.13-0.15
Sp (mm) 0.97 0.19 0.77-1.1 0.8 0.43 0.43-1.19
TbN (1/mm) 1 0.22 0.87-1.21 1.45 0.66 1-2.16

None of the difference were statistically significant (Wilcoxon’s signed-rank test).
SD, standard deviation; Cl, 95% confidence interval; BS/TV, total surface of bone/graft trabecules out of total core
volume; Th, trabecular thickness; Sp, spaces between bone/graft trabecules; TbN, trabecular number.

Table 5. BBM values

Large particles

Small particles

Mean SD Cl Mean SD cl
BBM/total volume (%) 23.12 6.02 15.82-28.22 22.89 8.32 13.86-29.87
BBM surface (mm?) 189.84 57.25  115.98-237.85 195.89  93.07 95.3-288.67
BBM BS/TV (mm%mm?3) 4.64 1.06 3.56-5.72 5.1 2.03 2.45-6.7
Th (mm) 0.18 0.02 0.16-0.19 0.17 0.01 0.15-0.18
Sp (mm) 0.51 0.23 0.3-0.72 0.67 0.37 0.39-1.11
TbN (1/mm) 1.98 0.55 1.51-2.45 1.69 0.59 0.92-2.18

None of the difference were statistically significant (Wilcoxon’s signed-rank test).
SD, standard deviation; Cl, 95% confidence interval; BS/TV, total surface of bone/graft trabecules out of total core
volume; Th, trabecular thickness; Sp, spaces between bone/graft trabecules; TbN, trabecular number; BBM, bovine

bone mineral.

confidence interval: 6.1-12.52 mm?) and for the
small particles, the mean BBM-BV was 8.77 +
3.91mm’  (95% 4.5-
12.71 mm?3). When subtracting the bone volume
(BV) and the graft volume (BBM-BV) from the
whole core (TV), we could calculate the volume
of the soft-tissue in-between this calcified mate-

confidence interval:

rial (Tables 2 and 3). The percentage of soft-tissue
volume in the cores containing large granules
was 68.89 + 4.14% (95% confidence interval:
65.22-73.04%) and the percentage of soft-tissue
volume in the cores containing small granules

© 2010 John Wiley & Sons A/S

was 62.47 + 14.95% (95% confidence interval:
47.18-73.37%).

Table 4 presents the micro-CT data calculated
for bone. The residual and new bone cannot
be distinguished, and therefore were calcula-
ted together. The mean structural values of con-
nectivity were as follows: Tb(N=1 (1mm '),
Sp=o0.97 mm, Th=o0.15 mm for large size gran-
ules and TbN=1.45 (1mm™"'), Sp=0.8 mm,
Th=o.1smm for small size granules. For
any of the tested parameters, there was no statis-
tical difference between the groups using the

Wilcoxon signed rank test. Table 5 presents the
same parameters calculated for the BBM gran-
ules. There was no statistical difference between
the groups in all measured parameters using the
Wilcoxon signed rank test.

Histology and histomorphometric analysis
At low magnification, the differences in the
histological sections between the large and the
small particles were clear (Fig. 7). In both experi-
mental groups, after 6-8 month of healing, most
of the particles were surrounded by newly formed
bone with well-organized osteons. The new bone
produced a shape of a network, “bridging’”’ be-
tween the BBM particles. The BBM particles
presented marked staining differences from the
host bone and had a lower affinity for the stains.
The spaces between the mineralized tissues were
occupied by small and large blood vessels, with
the small blood vessels in close proximity to the
new bone and the BBM particles. In many fields,
multi-nucleated giant cells, probably osteoclasts,
were observed directly on the BBM particles sur-
face (Figs 8 and 9). It was interesting to see that in
both groups (large vs. small particles), the osteo-
clast-like cells preferred the small-size BBM par-
ticles and not the large particles (Fig. 9). No gaps
were present at the bone—particles interface, and
the bone was always in close contact with the
particles. No inflammatory cell infiltrate was
present around the particles or at the interface
with bone.

The morphometric results from the standard
histological quantative analysis were summar-
ized in Table 6. From the samples representing
the large granules, the mean percentage of
BioOss" granules out of the whole slide
33.71 + 8.28% (95% confidence interval:

was
26—
was
23—
was

40%). The percentage of bone volume
27.14+3.89% (95% confidence interval:
31.99%) and the percentage of spaces
39.14+8.47% (95% confidence interval: 32.5—
48.5%). From the samples representing the small
granules, the mean percentage of BBM granules
out of the whole slide was 34.57 + 8.08% (95%
confidence interval: 26.5-42%). The percentage
of bone volume was 28 + 6% (22-34%), and the
percentage of spaces was 37.42+4.15% (95%
confidence interval: 34-42%). There was no
statistical difference between the groups for all
measurements (Table 6).

Discussion

In the present study, the clinical performances of
the two different particle size of BBM were
compared in sinus floor augmentation proce-
dures. The results imply that there were no
differences between these two BBM preparations

477 | clin. Oral Impl. Res. 22, 2011 | 473-480
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Fig. 7. A sample of the histological sections of the biopsies from one patient, x 30 magnification. (a) Small particles; (b) large
particle. The difference in size of the BioOss" particles is evident.

Fig. 8. Histological sections of the bone biopsies from the small particle group. P, BBM particle; B, new bone; OC, osteoclast;
BV, blood vessel. Left and right panels are two different patients.

478 | clin, Oral Impl. Res. 22, 2011 | 473-480

in sinus floor augmentation procedures in hu-
mans, using clinical, histological and micro-CT
measurements. Both groups performed equally
well, allowing stable implant placement and
high insertion torque (>soN). As expected,
there was a large variability between the indivi-
dual data from patient to patient, but the intra-
individual design minimizes problems of varia-
bility between individuals.

BBM is a well-documented material for the
augmentation of the maxillary sinus (Wallace et
al. 1996; Valentini & Abensur 1997; Froum et al.
1998; Piattelli et al. 1999). The most popular and
documented preparation of BBM, BioOss”, is
commercially available for clinical use in two
particle sizes — 0.25-1 and 1—2mm, with no
available data regarding the histological, clinical
or other aspects related to the different particle
sizes. There are studies investigating the effect of
different particle sizes of harvested autogenous
bone with no conclusive results (Zaner & Yukna
1984; Fucini et al. 1993; Xu et al. 2003; Springer
et al. 2004; Murai et al. 2006; Coradazzi et al.
2007; Walsh et al. 2008; Kon et al. 2009). In
another type of study, demineralized freeze-dried
bone allografts with 8s50-1o0O0mm particles
yielded more favorable results than the 250-
soomm particles in human periodontal defects
(Fucini et al. 1993). However, no clinical or
histological study was made so far relating the
particle size of BBM.

In the present study, two quantitative methods
for the evaluation of the mineralized material
occupying the sinus orifice were used. The mi-
cro-CT system was first introduced by Feldkamp
etal. (1989). This system was further validated as
a 3D analysis method by Muller et al. (1998)
when demonstrating the good correlation be-
tween the 3D analysis results with the well-
accepted 2D histology. This method of analysis
allows 3D measurements of bone quantity
and a 3D assessment of the architecture and
microstructure of the bone, which are important
for the estimation of bone durability and strength.
One of the great advantages of the micro-CT
system is that this is a not destructive system.
Therefore, all of these parameters can still be
validated in the same biopsy sample with the 2D
conventional histology. The histomorphometric
analysis has the ability to more accurately eval-
uate the inter-phase between the graft particles
and the newly formed bone, the cellular charac-
terization, and will allow validation of the volu-
metric results. Using micro-CT volumetric
analysis, there were no significant differences
between the two groups for any of the tested
parameters, as defined using radio-opacity
thresholds to discriminate between bone, BBM
and non-calcified tissue. There was a tendency
toward the creation of more new bone when

© 2010 John Wiley & Sons A/S
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Fig. 9. Histological sections of the bone biopsies from the large particle group. P, BBM particle; B, new bone; OC, osteoclast;
BV, blood vessel. Left and right panels are two different patients.

Table 6. Histomorphometry - large vs. small

Large Small Large vs. small

Mean SD (@] Mean  SD a a P-value
BBM (%) 33.71 8.28 26-40 3457  8.08 26.5-42 —-8to85 1
Bone (%) 27.14 3.89 23-31.99 28 6.53 22-34 -6.49to 4 0.83
Spaces (%)  39.14 8.47  32.5-48.5 3742 415 3442  —4.5109.99 0.67

None of the differences were statistically significant (Wilcoxon’s signed-rank test).
SD, standard deviation; Cl, 95% confidence interval; BBM, bovine bone mineral.

using the small granules. This tendency was not
found in the histomorphometry analysis.

It seems that the micro-CT technique under-
estimated the amount of the histological bone
and graft values. This is probably due to the
differences in analysis methodology between
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