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ABSTRACT
Maxillary sinus floor elevation (MSFE) is a frequently performed pre-implant surgical procedure
to restore insufficient jaw bone height allowing dental implant placement in the lateral maxilla.
Synthetic calcium phosphate scaffolds are commonly used as substitutes for autologous bone.
Despite the successful use of biphasic calcium phosphate with a hydroxyapatite/tricalcium
phosphate (HA/TCP) ratio of 60/40, the high percentage of HA may hamper efficient scaffold
remodeling. We hypothesize that the use of BCP 20/80 in a MSFE procedure will result in a
higher quantity of bone and/or better bone quality in the grafted maxillary sinus compared to
BCP 60/40. A comparative study between these two types of calcium phosphate scaffold has not
been performed before in a human model.
Two groups of 11 patients were included in this study based on strict inclusion
criteria. One group received BCP 60/40, the other group received BCP 20/80 during the MSFE
procedure. After six months the implants were placed, with concomitant harvesting of biopsies
using trephine drills for evaluation by a novel approach for micro-ct and histomorphometrical
analysis.
Although not significant, there is a clear trend in both the µ-CT and the
histomorphometrical analyses towards more bone ingrowth in the 20/80 versus the 60/40 BCP
variant. Osteoid volumes were comparable between both groups, while osteoclastic activity
was significantly higher in the 60/40 group, indicating more balance towards bone formation
in the BCP 20/80-treated patients. We conclude that the novel BCP 20/80 scaffold in MSFE
performs at least equal, but most likely better in bone augmentation when compared to the BCP
60/40 standard.
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INTRODUCTION
Maxillary sinus floor elevation (MSFE) is a common pre-implant surgical procedure for restoring
insufficient jaw bone height in the lateral maxilla, enabling the placement of dental implants 1,
2
. This procedure was first described by Boyne and James 3 and performed for the first time
by Tatum 4. MSFE is an internal vertical augmentation of the maxillary sinus floor, which is
approached via the lateral wall while keeping the Schneiderian membrane intact 5.
Autologous bone as grafting material for MSFE has been the golden standard, since it does not
show adverse reactions and yields a high bone volume when the dental implants are placed
6, 7
. Furthermore, autologous bone has both osteoconductive and osteoinductive properties,
meaning that it is capable of influencing its surroundings in the maxillary sinus floor to attract
cells that are involved in bone regeneration 8-10.
Because of disadvantages of using autologous bone, such as limited availability of bone
transplants and morbidity at the donor site 11 several types of synthetic bone substitutes have
been proposed and studied; xenografts as well as allografts have been used in different clinical
fields 5. The choice of a bone substitute is dependent on the type of tissue and the size of the
defect that needs to be engineered. The properties of the graft need to match the needs of the
tissue it will be applied to. A recent study described the importance of the substitute choice,
since substitute properties such as pore width and particle size can be of major influence on the
outcome of the regeneration process. For MSFE and other dental and maxillofacial procedures,
a variety of synthetic bone grafting materials is available to substitute autologous bone. Grafting
materials containing hydroxyapatite (HA), β-tricalcium phosphate (β-TCP) or a combination of
HA and β-TCP, also known as biphasic calcium phosphate (BCP), are most commonly used
for these procedures 12-17. Both HA and β-TCP are part of the inorganic component of bone
and are highly biocompatible with natural bone. Where HA is rigid, brittle and hardly resorbed
after application in MSFE, β-TCP degrades faster and has a different resorption pattern 18, 19.
For proper bone scaffolding, there should be a proper balance between the resorption time of
the scaffold and the timing of new bone formation. The 60/40 variant represents the slowest
resorbing variant of BCP currently used in the clinic. Due to its slow resorption rate, BCP 60/40
hampers rapid bone remodeling while the 100% β-TCP has the shortest resorption time and
may lose its scaffolding properties too early.
Several studies have evaluated and compared bone substitutes with different HA/
β-TCP ratios against autologous bone or each other 7, 15, 20. Up to now two animal studies have
been published where BCP 60/40, BCP 20/80 and other bone substitutes were compared to
autologous bone in an animal model (21, 22). The minipig study concluded that the results of
BCP 20/80 application were almost similar to those obtained when autologous bone was applied
21, 22
. In another animal model (sheep) it has been demonstrated that BCP 50/50 versus BCP
30/70 did not differ regarding bone formation, mineral dissolution from the biomaterial scaffolds,
and active cell-mediated resorption 18.
The combination of 60% HA and 40% β-TCP (BCP 60/40) has proven to be a good formula as
a bone substitute and is already widely used within dental and oral surgery practices 10, 23, 24.
To our knowledge the 20/80 variant has not been tested before in a clinical human model. We
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hypothesized that the use of BCP 20/80 in human MSFE results in a higher bone volume and/or
improved bone structure compared to the widely used BCP 60/40. We compared two groups of
patients who underwent a MSFE. We used a new method of micro-CT and histomorphometrical
analysis which provided excellent insight in the bone structure and cellular components within
the lateral sinus cavity. Six months after the MSFE we evaluated the biopsies taken from the
maxilla prior to implant placement using this new method of micro-CT and histomorphometry.
Both evaluation methods complemented each other, and provided a complete view of the
new bone regeneration process. In order to eliminate influences of material processing on the
outcome of our study, the BCP 20/80 variation was provided by the same manufacturer that
provided the BCP 60/40.
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MATERIALS AND METHODS
Patients
In total 22 partially edentulous patients were included in this study. Six males (aged 53 ± 10.1)
and five females (aged 57 ± 18.8) received BCP 60/40 during MSFE. Their mean residual alveolar
bone height was 6.4 ± 2.6 mm. In the group that received BCP 20/80, three males (65 ± 9.0)
and eight females (48 ± 10.6) were included, with a total mean alveolar bone height of 5.7 ± 1.4
mm.Both patient groups were comparable with regard to age, alveolar jaw bone height, and
pre-implant bone height. Average ages were comparable between both groups; even though a
significant difference between males and females in the BCP 20/80 group was observed (Table
1). We did not stratify for this parameter, for we do not expect this a major influencing factor on
outcome parameters. Prior to participation in the study, all patients signed a written informed
consent on the procedures and materials used. All procedures were performed by one oral
surgeon either at the Rijnland Hospital in Leiderdorp, or at the VU University Medical Center in
Amsterdam, The Netherlands. The patients included in the study were either non-smokers or
moderate smokers (less than 10 cigarettes per day; Table 1). Patients who required horizontal
bone augmentation, as well as patients with systemic diseases, drug abuse, heavy smokers,
other semi-invasive dental treatments and/or pregnancy were excluded from participation in
this study.
Table 1. Age, alveolar bone height, pre-implant bone height, and bone increase after MSFE
surgery in patients treated with BCP 60/40 or BCP 20/80.

Data are mean±SD. Groups were compared with an unpaired t-test. Statistical significant difference
when p≤0.05. BCP, biphasic calcium phosphate. Moderate smoking, 10 or less cigarettes/day.

Calcium phosphate scaffolds
Two types of calcium phosphate scaffolds from the same manufacturer were used: eleven
patients received porous BCP with 60% HA and 40% ß-TCP (BCP 60/40; Straumann®BoneCeramic
(Straumann, Basel, Switzerland)), and eleven patients received porous BCP with 20% HA and
80% ß-TCP (BCP 20/80; Straumann, Basel, Switzerland). Both BCP 60/40 and BCP 20/80 scaffolds
had a porosity of 90%, and a particle size and pore width ranging from 500 to 1000 µm.
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Maxillary sinus floor elevation procedure
All 22 patients underwent a unilateral maxillary sinus floor procedure. In this procedure the
sinus floor was elevated according to Tatum’s protocol 4. The surgical technique consisted of
making a top-hinge trap door in the lateral maxillary sinus wall (Fig. 1). A horizontal incision
on the top of the maxilla was made in combination with one or two vertical incisions. After
elevation of the buccal flap the bony trapdoor preparation was performed with a large round
diamond burr. This bone preparation followed the outer contour of the maxillary sinus, leaving
the maxillary sinus membrane intact. The buccal trapdoor was carefully pushed inward. Then
the fragile Schneiderian membrane needed to be prepared from the inner aspect of the sinus,
leaving this membrane intact. After mobilization and elevation of the sinus membrane and the
bony trapdoor a new sinus floor was created. The cavity underneath the trap door was filled with
the graft material. Six male and 5 female patients received BCP 60/40. Three male and 8 female
patients received BCP 20/80. The wound was closed using Gore-Tex sutures (W.L. Gore and
Associates, Newark, DE, USA), which were removed 10-14 days postoperatively. All patients
received antibiotic prophylaxis, consisting of 500 mg amoxicillin 4 times daily, starting one day
pre-operatively and continuing one week post-operatively.

Figure 1. MFSE procedure, implant placement, and radiography.
Clinical and radiographic images of the MSFE procedure and implant placement six months later. (A)
pre-operative image, (B) sinus filled with graft material, (C) implants were installed after six months,
and (D) end result after abutments were installed. Radiographic evaluation of the sinus and the alveolar
bone height occurred during all stages of MSFE implant placement.

Implant placement and biopsy retrieval
Six months after the MSFE procedure, dental implant surgery was performed under local
anesthesia. A crestal incision was made with mesial and distal buccal vertical release incisions.
A full-thickness mucoperiosteal flap was raised to expose the underlying alveolar ridge. Then
implant preparations were made and simultaneously biopsies were taken at the planned dental
implant positions using a trephine drill with an outer diameter of 3.5 mm, and an inner diameter
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of 2.5 mm (Straumann® Trephine Drill, Institute Straumann AG, Basel, Switzerland), using sterile
saline for copious irrigation. Regular neck Straumann® dental implants with a diameter of 4.1
mm, a length of 10 or 12 mm, and a SLA (Sand-blasted, Large grit, Acid-etched) surface were
placed in the augmented maxillary sinus. The implants were mounted with healing abutments
to heal in a non-submerged fashion as described previously 25. The sutures were removed 1014 days postoperatively. Patients were instructed to avoid loading of the dental implants during
integration time post-implant surgery. After a 3 months integration period the superstructures
were manufactured and placed in an outpatient clinic. Pre- and postoperative panoramic
radiographic images were made to determine the size and contour of the maxillary sinuses, and
the height of the augmented sinus floor fill. (Fig. 1B). The calculations were performed using a
conversion factor that adjusted for the magnification (1.25 x) of the panoramic radiograph. The
retrieved biopsies were first fixated in a standard formalin solution for at least 24 hours. They
were then transferred to containers with a 70% ethanol solution prior to further evaluation. For
each patient one biopsy was selected.
Micro-computed tomography analysis
Micro-CT analysis was performed on selected biopsies that were transferred to a cylindricalshaped container made of porous synthetic foam soaked in alcohol 70%. This cylinder was
custom made for the polyetherimide holder inserted into the micro-CT scanner. The micro-CT
device was a Scanco Medical AG, model PX5-925EA (Basel, Switzerland). This scanner had a
tube voltage of 55kV and a tube current of 145mA (70 kV source voltage, and 113 µA current).
The scanning resolution was 10 micron. The images of the biopsies were reconstructed by
measuring the radiolucency of the object with sensors and rotating x-ray beams from different
angles, and subsequent calculation of the three-dimensional structure. The software of the micro
CT-scans (Scanco Medical AG) was able to convert gray scale values into corresponding values
of degree of mineralization. The distinction between bone and graft material was made using
the highest value of the degree of mineralization in the pre-existing sinus floor bone as threshold
value. Therefore we could distinguish between the patient’s native alveolar bone and the graft
material, since the mineralization degree of the graft material was significantly higher than the
mineralization degree of bone. The degree of mineralization was expressed in milligrams of
hydroxyapatite per cubic centimeter (mgHA/cm3). For bone we initially determined the ultimate
thresholds as the values between 650 and 1300 mgHA/cm3, and for graft material we measured
values between 1300 and 2500 mgHA/cm3. This thresholding method resulted initially in a thin
layer of computing-generated bone covering the graft material throughout the grafted area
of the sinus. Therefore, a new and so-called “onion-peeling” algorithm (Scanco Medical AG,
evaluation program no. 12) was used to discriminate between the newly formed bone deposited
on the graft material and the graft material itself. This method peels off voxels from the thin layer
of bone (as measured with the previous tresholding), and removes this layer when the graft was
detected within a predefined extent of space. The digital images of the scanned biopsies were
analyzed, starting from the caudal side of the biopsy, and continuing towards the cranial side
(Fig. 2A). Volumes of interest of 1 mm thickness were defined, and numbered in a consecutive
sequence starting from the residual sinus floor (volume of interest area #1) up to the most
145

Chapter 7

cranial part of the biopsy. In each volume of interest the following micro structural parameters
of the bone were determined: bone volume and graft volume over total tissue volume (BV/TV
and GV/TV respectively). The bone volumes obtained from the areas of interest in the alveolar
native bone were pooled. The borders between the graft area and the native bone were aligned
(Fig. 2B). The biopsies sometimes differed in length (due to breakage), and therefore statistical
analysis was not always possible on the results obtained from the most cranially situated areas
of the bone biopsies, due to the low number of biopsies available for measurement in that
particular area.

Figure 2. Novel methods of micro-CT and histomorphometrical analysis.
Each biopsy was first analyzed by micro-CT, where the biopsies were virtually divided into 1 mm long
areas for determination of bone volume and graft volume. After embedding in methylmethacrylate
(MMA) followed by Goldner’s trichrome-staining the sections were divided into 1 mm2 areas for
determination of mineralized bone volume, unmineralized bone volume (osteoid), and graft volume
(A). The collected data per area were aligned and pooled according to the scheme to ensure a proper
evaluation of new bone ingrowth (B).
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Histology and histomorphometrical analysis
After micro-CT scanning and dehydration in increasing concentrations of alcohol solutions, the
bone specimens were embedded without prior decalcification in low temperature polymerizing
methylmethacrylate (MMA, Merck Schuchardt OHG, Hohenbrunn, Germany). Longitudinal
sections of 5 µm thickness were prepared using a Jung K microtome (R. Jung, Heidelberg,
Germany). Midsagittal histological sections of each biopsy were stained with Goldner’s
Trichrome, in order to distinct mineralized bone tissue (green) and unmineralized osteoid. The
histological sections were divided in areas of interest of 1 mm2 for blinded histomorphometrical
analysis. Depending on the length of the biopsy, the total number of areas ranged from 9 up to
15 (Fig. 2A). For each separate area of interest, the histomorphometrical measurements were
executed using a computer with an electronic stage table and a Leica DC 200 digital camera.
The computer software used was Leica QWin© (Leica Microsystems Image Solutions, Rijswijk,
The Netherlands). The sections were digitized at 100x magnification. A demarcation line was
indicated between the “residual native bone” floor and the newly formed bone. The definitive
criteria for locating the demarcation were based on multiple factors; we considered the clinically
determined native bone height derived from the radiographic images. We also considered the
histological changes that occurred in the transition area from native bone to new bone; native
bone contains bone marrow, defined by the presence of adipose tissue, while the area where
new bone is formed contains more blood vessels, and a specific pattern of the (woven) bone
formation around calcium phosphate particles. Consecutive areas of interest of 1 were defined
and pooled in the same manner as described under ” micro-CT analysis” (page 13, Fig. 2B).
We compared similar areas of interest for all biopsies with respect to bone regeneration in
the augmented maxillary sinus as indicated by the amount of osteoid and bone formed, and
the volume of remaining graft material. In each area of interest, the mineralized tissue volume
(Md.V), graft volume (GV), and osteoid volume (OV) were calculated as a percentage of the total
tissue volume (TV) as previously described 26.
Tartrate-resistant acid phosphatase (TRAcP) staining was used to visualize bone
resorbing multinuclear cells (osteoclasts) within the biopsy sections. These sections were selected
adjacent to biopsy sections that were stained with Goldner’s Trichrome method. TRAcP staining
was performed according to a standardized protocol 27. The number of TRAcP osteoclasts in each
section was measured at 200x magnification with the same computer software and microscope
as used for quantification of bone volume and osteoid volume in the Goldner-stained sections.
Each tissue section used for TRAcP staining of osteoclasts was divided in consecutive optical
areas of 1 mm2, overlapping with the optical areas in the Goldner-stained sections as closely as
possible. Within each area all red-coloured multinuclear cells were identified as TRAcP-positive
osteoclasts, and for each section the total number of TRAcP-positive osteoclasts was calculated.
The data were pooled, and compared between groups as described under ”Micro-CT analysis”.
Statistical analysis
Statistical analysis was performed using KyPlot version 2.0 beta (32 bit) and GraphPad
Prism®5.0 (2007). In Fig. 3, 5, and 6, the data are presented as mean ± standard deviation (SD),
with a minimum of three biopsies per area of interest for valid statistical analysis. The first four
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areas of interest contained 11 measurements, the consecutive two areas contained between
6-9 measurements. To be able to draw conclusions as reliable as possible, we only performed
statistical analysis on these first four areas. We do show the results of all six consecutive areas of
interest in the grafted part of the biopsies. The Mann-Whitney U-test was performed to compare
bone volume, mineralized volume, osteoid volume, and the number of TRAcP+ cells between
the groups of biopsies containing BCP 60/40 and BCP 20/80. After pooling the data, that MannWhitney-U test was also used for comparison of means. Data were considered significantly
different when p ≤ 0.05.
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RESULTS
During and after the MSFE procedure no adverse events and/or complications were reported.
The augmentation height increased after the MSFE procedure, and was similar in all patients
(Table 1). Wound healing went uneventful, and no implants were lost two years after implantation.
Micro-computed tomography analysis
3D evaluation of the bone structure within the biopsies. Bone and graft could be clearly
distinguished based on differences in grey-scale values as well as obvious visible differences in
structure. New bone volume (BV) and graft volume (GV) could be determined up to 10 mm from
the border with native bone. In the BCP 60/40 biopsies, bone ingrowth was observed up to 6
mm from the border with native bone, with volumes ranging from 27 % ± 11% in area 1, to 5.4
± 7% in area 6 (Fig. 3A). In the BCP 20/80 biopsies, bone ingrowth was also measured up to 6
mm from the native bone. BV ranged from 36.8 ± 10% in area 1, to 2.8 ± 4.5% in area 6. A clear
trend towards more bone formation in the 20/80 group was observed. To obtain information on
BV in two larger areas of the biopsies, we pooled BV data of areas 1-4, and 5-6. In addition,
we pooled the BV data obtained from all areas of interest, which provides information on the
mean BV in the whole biopsy. The pooled BV data also showed that BCP 20/80 showed a trend
towards more bone formation than BCP 60/40, although the difference between BCP 20/80 and
BCP 60/40 did not reach significance (BV area 1-4: 14.4 ± 4.7% versus 21.7 ± 6.1%, p=0.94; BV
total biopsy: 12.3 ± 8% versus 16.0 ± 13%, p=0.82; Fig. 3B). The alveolar native bone height in
both BCP 20/80 and BCP 60/40 groups was similar (Bone height: BCP 60/40: 30.3 ± 10.3%; BCP
20/80: 31.5 ± 11.4%,.

Figure 3. Micro-CT analysis of bone and graft volumes measured in biopsies taken after
MSFE with BCP 60/40 or BCP 20/80.
(A) Comparison of the gradient of bone volume per total volume (BV/TV) as assessed by microCT analysis in biopsies retrieved after bilateral sinus floor elevation with BCP. Bone volume was
expressed per total tissue volume, and assessed for each area of interest containing BCP 60/40 and
BCP 20/80 graft material. Area #1 represents the most caudal-millimeter of the biopsy that contains
graft material, whereas area # 6 represents the cranial side of the biopsy, which is the area furthest
from the native bone. (B) Pooled data of measurements in areas 1-4 (p=0.94), areas 5-6 , and all areas
together (total, p=0.82). Values are mean ± SD. Statistical significance when p≤0.05. For a more clear
display in (A), the BCP 20/80 data set has been moved to the right along the x-axis by 20%.
MSFE, maxillary sinus floor elevation, BV/TV, bone volume per total volume. BCP 60/40, BCP with
60% HA and 40% β-TCP. BCP 20/80, BCP with 20% HA and 80% β-TCP.
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GV of BCP 60/40 and BCP 20/80 granules ranged between 10-20% throughout the biopsies. No
differences were observed between GV of both types of graft material measured after MSFE
(data not shown).
Histology and histomorphometrical analysis
Mineralized volume (Md.V) was determined in Goldner’s trichrome-stained sections up to 6
mm from the native bone (Fig. 4A). Md.V/TV showed a similar pattern when measured in the
consecutive areas followed a similar pattern as in the micro-CT assessments (Fig. 3A). Increased
Md.V/TV was observed in most areas of interest in the BCP 20/80 biopsies compared to BCP
60/40 biopsies. Md.V/TV ranged from 25.6 ± 11% to 0.15 ± 0.4% using BCP 60/40, and
from 31.6 ± 15% to 2.2 ± 7% using BCP 20/80. The pooled Md.V/TV data (Fig. 4B) revealed a
similar trend towards higher Md.V/TV in BCP 20/80 compared to BCP 60/40 groups, similar as
the trends observed the pooled data from area 1-4 and area 5-6 (Fig. 4A). The mean BV of the
whole biopsies was also similar for both BCP scaffolds (BCP 60/40: 11.7 ± 8%; BCP 20/80: 15.7
± 13%, p=0.69). Osteoid volume was similar between BCP 20/80 and BCP 60/40 biopsies (Fig.
4C,D).

Figure 4. Histomorphometrical analysis of bone biopsies after MSFE with BCP 60/40 or BCP
20/80.
Mineralized volume (Md.V), and osteoid volume (OV) as a percentage of total tissue volume (TV)
measured in each area of interest in biopsies obtained from patients treated with BCP 60/40 or BCP
20/80 (A, C). Data are also pooled for areas 1-4 (p=0.49), areas 5-6, as well as for the whole biopsy
(total, p=0.69) (B, D). Area #1 represents the most caudal-millimeter of the biopsy that contains graft
material, whereas area # 6 represents the cranial side of the biopsy, which is the area furthest from the
native bone. Values are mean ± SD. Statistical significance when p≤0.05. For a more clear display in
(A, C), the BCP 20/80 data set has been moved to the right along the x-axis by 20%. MSFE, maxillary
sinus floor elevation. BCP 60/40, BCP with 60% HA and 40% β-TCP. BCP 20/80, BCP with 20% HA
and 80% β-TCP.

150

Evaluation of a new biphasic calcium phosphate for MSFE

Histology revealed that in both patient groups the newly formed bone was deposited
against the BCP particles in a similar way (Fig. 5A,B). In most biopsies the demarcation between
native bone and newly formed bone could be easily determined using criteria as described in
the materials and methods section. A rather sharp transition from the native bone area to the
grafted area can be seen (Fig. 5B). The fatty aspect of bone marrow as part of the patient’s
native bone (black arrows) is in contrast with woven bone surrounding the synthetic granules
(stars) and blood vessels (bv) on the right side. Osteoid (red) is being deposited against the
granules and the blood vessels. The histology, histomorphometry, together with the structural
images obtained by micro-CT and the radiographic images, revealed that in some biopsies the
newly formed woven bone had already been remodeled into lamellar bone indicating adaptation
to mechanical loads, which resembled the lamellar structure of the native bone.
TRAcP-positive stained multinucleated cells (osteoclasts were mostly found clustered
together against the bone, i.e. against both newly formed woven bone as well as native alveolar
bone (Fig. 5C,D).

Figure 5. Histological evaluation of bone and graft volumes in biopsies taken after MSFE
with BCP 60/40 or BCP 20/80.
Goldner’s trichrome-stained sections of biopsies from (A) BCP 60/40, and (B) BCP 20/80 treated
patients, showing mineralized bone (green), unmineralized bone (red, short black arrows), bone
marrow tissue within the native bone area characterized by clustered adipose tissue cells (triangle),
and the spaces where the particles (*) used to be. Both images show the transition area from native
alveolar bone to the grafted area right next to the native bone. Image 5B clearly shows the transition
from native bone to grafted area; adipose fat cells (triangle) are a marker of bone marrow within
mature native bone. Images 5C and 5D show the TRAcP-stained sections (orange colored multinuclear
cells, black long arrows) of biopsies from group BCP 60/40 and BCP 20/80 respectively. In both groups
the cells were mostly found clustered and/or lined against the bone (green). BCP 60/40, BCP with 60%
HA and 40% β-TCP. BCP 20/80, BCP with 20% HA and 80% β-TCP. TRAcP, tartrate-resistant acid
phosphatase; BV, blood vessel.
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Osteoclasts
The number of TRAcP-positive osteoclasts in the alveolar native bone and in the grafted areas
of the biopsy sections was quite variable between patients in both BCP 20/80 and BCP 60/40
grafted groups (Fig. 6A). After pooling the data on osteoclast number, there was a significant
difference (p=0.01) in the number of TRAcP-positive osteoclasts between the BCP 20/80 and
BCP 60/40 groups; more osteoclasts were observed in the BCP 60/40 group than in the BCP
20/80 group, indicating more active bone remodeling with BCP 60/40 compared to BCP 20/80
(Fig. 6B).

Figure 6. Number of TRAcP-positive osteoclasts in biopsies taken after MSFE with BCP
60/40 or BCP 20/80.
The number of TRAcP-positive osteoclasts was counted in each separate area of interest in the grafted
sinus (A). Pooled data show that the number of osteoclasts in BCP 60/40 biopsies was significantly
higher than in BCP 20/80 biopsies, p=0.009 (B). Values are mean ± SD. Statistical significance when
p≤0.05. TRAcP, tartrate-resistant acid phosphatase; MSFE, maxillary sinus floor elevation; BCP 60/40,
BCP with 60% HA and 40% β-TCP. BCP 20/80, BCP with 20% HA and 80% β-TCP.
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DISCUSSION
This study aimed to compare the performance of BCP 20/80 with BCP 60/40 in a human
maxillary sinus floor elevation (MFSE) model. The patient data were evaluated using clinical
parameters (radiography), micro-CT analysis, and extended histomorphometrical analysis. We
found that BV seemed higher after MSFE with BCP 20/80 than with BCP 60/40, especially in the
areas of interest closest to the native residual bone. Although this difference was not statistically
significant, this observation suggests that the presence of BCP 20/80 in general might facilitate
osteoconduction better than BCP 60/40, since the residual native bone volume was similar in
both BCP 20/80 and BCP 60/40 groups. In addition, the percentage of osteoid was also similar
in both patient groups, showing that active bone deposition was taking place at a similar rate in
both study groups.
Strikingly, the number of TRAcP-positive osteoclasts present in the BCP 60/40 biopsies
was significantly higher than in the BCP 20/80 biopsies. It is well known that calcium phosphate
attracts osteoclasts 7. This implies that bone remodeling in BCP 60/40 biopsies may advance
faster compared to the BCP 20/80 grafted biopsies.
Regarding the measured remaining graft volumes we did not observe any significant
differences between BCP 60/40 and BCP 20/80. Remarkably, we observed a discrepancy
between the graft volumes measured with micro-CT compared to measurements done by
histomorphometry, which is not uncommon; a similar discrepancy was found in our previous
study 12. This discrepancy can be explained by the fact that micro-CT data analysis comprises 3D
volumetric measurements, whereas bone and graft volumes are calculated as a percentage of the
whole measured volume of interest, which also includes the soft tissue and air within the porous
particles. However, during histological preparation, the grafted particles are dissolved due to the
acidity of the dyes used for the staining process. Therefore the total surface of the space that is
left by the particles is measured as graft, giving the false impression that the granules are solid
while they are porous. Corrections for air are automatically done when measuring graft volume.
It must also be kept in mind that the histomorphometrical analysis extrapolates data derived
from 2D measurements to 3D data. Therefore, even though the tissue sections of the biopsies
are representative for the whole biopsy, the outcome of histomorphometrical measurements
can differ from micro-CT measurements in a particular area. Despite the differences in data
obtained using micro-CT and histomorphometry, these methods are complementing each
other very well; micro-CT analysis is based on differences between structures and mineralized
compounds, while histomorphometry adds cellular and soft tissue information that is required to
answer the question whether and how new bone ingrowth takes place.
We defined a new method to determine the exact position of the demarcation between
native bone and newly formed bone in the grafted area, by considering the presence of bone
marrow adipose tissue as a marker of residual native bone. Especially this parameter that
can be derived from the histological images added significantly to our new insights on the
position of this demarcation line. Without using this new method, false demarcations would have
been assigned 1 to 2 mm more cranial than the original border. This method also allowed the
otherwise overlooked observation that after 6 months, newly formed bone has been remodeled
153

Chapter 7

from a woven structure to a lamellar structure. To our knowledge our new method to determine
the demarcation line needed for proper histological evaluation of biopsies has not been described
before. This method may also be applicable in other studies where native bone needs to be
distinguished from newly formed bone such as in studies on osteoconduction.
Based on the difference in composition we would expect a higher resorption rate
in BCP 20/80-grafted biopsies due to lower percentage of HA, thus allowing more space for
osteoconduction. Our results revealing differences in bone formation and bone resorption
parameters might be explained by the difference in properties between both bone substitutes;
the higher bone volume using BCP 20/80 compared to BCP 60/40 could be caused by a higher
percentage of ß-TCP leading to a larger bone resorption surface, thus leaving more room for
new bone ingrowth to take place.
Next to surface properties also the porosity of a bone substitute is highly important
for the osteoconduction after MSFE. In this study we aimed to rule out differences in graft
performance due to differences in scaffold porosity by having BCP 60/40 and BCP 20/80
manufactured by the same company, excluding possible differences as a result of differences
in manufacturing, which might affect the macro- and microstructure of a calcium phosphate,
which is crucial for osteoconduction. In addition, this macro- and microstructure determines cell
and vessel movement inside the pores, which are related to the degree of interconnection of the
pores and to the pore size 28, 29.
Previous studies have shown the effectiveness of biphasic calcium phosphate in human
MSFE procedures. Several studies have also compared the performance of different synthetic
bone substitutes 14, 24, 30-34. Several studies have also compared the performance of different
synthetic bone substitutes. However, there are no studies comparing BCPs with different HA/ßTCP ratios in a human model of bone augmentation such as the MSFE model. In addition we
refined our method to determine the demarcation between native bone and newly formed bone
by considering the presence of bone marrow adipose tissue as a marker of residual native bone.
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CONCLUSIONS
From the results we can conclude that the ingrowth of newly formed bone tissue was observed
using both BCP 20/80 and 60/40 in a human MSFE procedure. With both BCP 20/80 and BCP
60/40, exhibiting different HA/β-TCP ratios, it was possible to provide a stable environment
for implant placement after 6 months. Strikingly a clear trend of more bone formation with
BCP 20/80 than BCP 60/40 after 6 months was observed, while the number of bone resorbing
osteoclasts was significantly lower in BCP 20/80 than in BCP 60/40 biopsies. This might be due
to either a faster bone remodeling rate, or an earlier start of bone remodeling in BCP 20/80
treated patients. This also suggests that, even though the volume of newly formed bone was not
statistically different, BCP 20/80 might perform better than BCP 60/40 as a scaffold in the MSFE
model during a so-called one-step surgical procedure.
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