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Abstract

Objectives: This study evaluated both the clinical and histological aspects of bone
formation in maxillary sinus augmentation using MBCP as the bone-grafting material.
Material and methods: MBCP was used as a primary bone substitute for maxillary sinus
augmentation. Fifty-two patients were selected after a medical and dental examination,
and were divided into the following three groups: those augmented with MBCP only; MBCP
combined with irradiated cancellous bone; and MBCP combined with intraoral autogenous
bone. After a healing period (average 6.78 months after surgery), bone cores were
harvested for a histological evaluation and the implant fixtures were installed. These bone
cores were evaluated via light microscope and implants were followed up for at least six
months after loading.

Results: Four to ten months after surgery, new vital bone surrounding the MBCP particles
was observed in 18 bone biopsies. Two out of the 130 implants installed were explanted due
to a failure of osseointegration before the prosthetic procedure. All the remaining implants
were functioning for 6 to 27 months (average 12.96 months). The cumulative survival rate
of the implants was 98.46%.

Conclusion: These results show that MBCP can be used as a grafting material for sinus floor
augmentation, whether combined with other bone graft materials or not, and lead to a
predictable prognosis for dental implants in the posterior maxillary area where there is

insufficient vertical height for fixture installation.

Maxillary sinus augmentation is an estab-
lished method that is intended to achieve
sufficient vertical bone height on the max-
illary posterior region before the placement
of an endosseous dental implant. The aim
is to restore the resorbed posterior maxilla
in order to allow the placement of stable
dental implants through the dynamic pro-
cess of osseointegration. Boyne & James
(1980) first reported this technique, which
has subsequently been developed and mod-
ified by other clinicians.

Autogenous bone is considered to be the
gold standard for reconstructing a disconti-
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nuity in bone defect and even in sinus floor
augmentation (Tadic & Epple 2004). Auto-
genous bone contains viable cells that can
proliferate and contribute to the formation
of new bone (Burchardt 1983). However, it
has been shown that alloplasts such as
hydroxyapatite (HA), B-tricalcium phos-
phate (B-TCP), bioactive glass have almost
equal efficacy in sinus floor augmentation
procedures to autogenous bone both clini-
cally and scientifically (Jensen 2006; Wal-
lace et al. 2003).

Recently, some studies have demon-
strated the stability and effectiveness of a
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mixture of HA and B-TCP for each in sinus
floor augmentation (Engelke et al. 2003;
Artzi et al. 2004; Suba et al. 2004; Maior-
ana et al. 2005; Silva et al. 2005). Although
HA and its residual crystals provide a good
scaffold for the growth of new bone, it has
been shown to have poor regeneration po-
tential (Ono et al. 1992; Martin et al. 1993;
Kokubun et al. 1994; Ono et al. 2000).
B-TCP has been demonstrated to form new
bone within the periodontal osseous defects
with an unpredictable resorption pattern
and rate (Klein et al. 1983). Therefore, the
controlled bioactivity with perfect equili-
brium between ceramic resorption and
bone substitution (Nery et al. 1992;
Yamada et al. 1997) has necessitated the
judicious mixing of a stable component
(HA) and a more bioactive component
(B-TCP).

Some studies have suggested an opti-
mum ratio of HA/B-TCP (Hubbard 1974;
Ellinger et al. 1986). Nery et al. (1992)
have shown that a higher HA ratio causes
accelerated new bone formation in osseous
defects. A mixture of 60% HA and 40%
B-TCP is known to be ideal for biphasic
calcium phosphate ceramics as bone sub-
stitutes (Ellinger et al. 1986; Yamada et al.
1997).

Macroporous biphasic calcium phos-
phate (MBCP, Biomatlante Sarl, Nantes,
France), with the above-mentioned ratio,
has the required porous form for biological
exchanges particularly for bone ingrowth
and mineralization. Because it is believed
that the addition of autogenous bone or
osteoinductive agents will induce and facil-
itate bone formation with the incorporation
of bone graft materials (Block & Kent
1997; Misch 2002), frozen irradiated allo-
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genic cancellous bone and marrow [irra-
diated cancellous bone and marrow (ICB),
Rocky mountain tissue bank, USA] was
used in this study. The aim of this study
was to evaluate the histological and clinical
outcomes of three groups of graft materials
used in sinus floor augmentation (MBCP
only, MBCP combined with ICB, MBCP
combined with intraoral autogenous bone).

Materials and methods

Study populations

Between March 2004 and August 2005, 52
patients (24 females, 28 males) with in-
sufficient residual bone height (<6 mm)
were enrolled in this study. Their ages
ranged from 30 to 73 years, with a mean
age of 5o years. The inclusion criterion was
< 6mm of the alveolar bone remaining on
the floor of the sinus, as determined by
computed tomography (GE Medical Sys-
tems, Milwaukee, WI, USA). All the pa-
tients were free from the conditions that
would contraindicate dentoalveolar flap
surgery or maxillary sinus problems, such
as a recent history of acute maxillary sinu-
sitis. A two-stage approach was performed
in 42 maxillary sinuses (36 patients). A
one-stage approach was performed in 16
sinuses (16 patients) that had sufficient
bone height in obtaining initial stability
(4—6 mm) (Table 1). A total of 130 implants
were installed. Seventy-five implants were
the oxidized titanium screw type (TiUni-
te™, Nobel Biocare, Goteborg, Sweden) and
55 implants were the sand-blasted, large
grit, acid-etched type (ITI dental implant
system, Straumann, Basel, Switzerland).
Only six patients were bilaterally edentu-

Fig. 1. Clinical findings 6 months after sinus graft.
(a) Two fixtures are installed successfully. Bone
biopsy is harvested from the previous trap door site
using trephine drill. (b) Harvested bone core.

lous. The remaining 46 patients were uni-
laterally edentulous. Information was
given about this study and a written in-
formed consent form was signed. The pro-
tocol was approved by an Institutional
Review Board for Clinical Research in
Yonsei Dental Hospital (IRB-2004-02).

Sinus floor augmentation technique

All surgical procedures were completed
under local anesthesia (2% lidocaine,
1:100,000 epinephrine, Kwangmyung
Pharm., Seoul, Korea). The surgical proce-
dure for the maxillary sinus augmentation
has been described elsewhere (Haris et al.
1998). The cavity produced was filled with
the graft material with meticulous conden-
sation. The defect of the lateral wall was
covered with a collagen membrane (Col-
latape”, Calcitek, Carlsbad, CA, USA).
Implant fixtures, 4 or §mm in diameter,
were installed, and patients who had un-
dergone a two-stage procedure, installa-
tions were done 3-13 months (average
6.68 months) after the augmentation pro-
cedure. At the time of implant installation,
a lateral biopsy of each side was taken
cranially from the dental implant using a
hollow trephine drill (31, West Palm Beach,
FL, USA) (Fig. 1). It was possible because
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Table 2. Life table analysis
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Time Implant Failed in Dropout Survival Cummulative
entering interval rate (%) survival
interval rate (%)

Placement to loading 130 2 0 98.46 98.46

Loading to 1 year 128 0 0 100 98.46

Fig. 2. Histologic finding 10 months after surgery
(Group I). (a) The macroporous biphasic calcium
phosphate particles are fully integrated into new
bone and invaginated in woven bone (original mag-
nification x 100). (b) Magnified view of (a): grafted
material (G) and vital bone (N) are in close contact
and osteocytes are observed. The reversal line in
newly formed bone is obvious (original magnifica-
tion x 400).

MBCP particles were remained on the trap-
door site to be observed via naked eyes even
though the graft and new bone were well
blended with adjacent host bone. Eighteen
biopsies in total were harvested 4-10
months (average 6.78 months) after sur-
gery. All the dental implants except for five
fixtures showing rotational mobility pre-
sented with good initial stability.

Bone augmentation materials

The patients were divided into three groups
(Table 1): 27 patients received MBCP only
for sinus floor augmentation (Group I), 16
patients received MBCP combined with
ICB (at a ratio of so:s50) (Group II) and
the remaining nine patients received
MBCP combined with autogenous bone
(at a ratio of 80:20) for sinus floor aug-

Fig. 3. Histologic finding 6 months after surgery
(Group T). (a) Show the JCB characterized with
empty lacunae, surrounded by newly-formed vital
bone whose boundary is well-defined (arrow) (origi-
nal magnification x 100). (b) Magnified view of (a):
osteoblastic cell lining (arrow head) and osteocytes
in lacunae, which is the characteristics of vital bone
(arrow) (original magnification x 400).

mentation (Group IM). Corticocancellous
bone of the mandibular ramus or maxillary
tuberosity was harvested for the autoge-
nous bone graft. The autogenous block
bone was harvested from the mandibular
ramus using a trephine drill and particu-
lated using a device (Bone crusher, stainless
steel, G. Hartzell & Son. Inc., Concord,
CA, USA). Autogenous bone was har-
vested from the maxillary tuberosity with
a bone rongeur (Beyer double action ron-
geur, ACE Surgical Supply Co. Inc., Brock-
ton, MA, USA).

Histological processing

After taking the biopsies, they were im-
mediately fixed in 10% buffered formalin
for 10 days. After rinsing in water, the
sections were decalcified in 5% formic
acid for 14 days and embedded in paraffin.

© 2008 The Authors. Journal compilation © 2008 Blackwell Munksgaard

Fig. 4. Histologic findings 6 months after surgery
(Group III). (a) Macroporous biphasic calcium phos-
phate (MBCP) particles (G) embedded in newly
formed bone (N). Ample marrow space filled with
loose connective tissue and abundant blood vessels
(V) (original magnification x 100). (b) Magnified
view of (a): irregular limit between the new bone and
residual MBCP particle shows the progress of bone
remodeling (arrow head), which ensures the replace-
ment of grafted material (original magnification
X 400).

Serial sections, 5 um thick, were cut along
the longitudinal plane. From each bone
core, two central sections were selected
and stained with hematoxylin and eosin,
and examined by optical microscopy
coupled to a video camera (Olympus
BXs50, Olympus Optical Co., Tokyo, Ja-
pan). Images of the slides were taken and
saved as figure files.

Results

Clinical observation

Healing process after sinus graft procedure
was uneventful, even though small tears
(<smm) have occurred in five sinuses.
None of the patients had influential com-
plications on prognosis of implants such as
infection, maxillary sinusitis, and severe
sinus membrane perforation. In all three
groups, good initial stability was achieved
and only five implants showed rotational
mobility, which did not correspond to
failed implants. It was possible to over-
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come the poor bone quality through well-
known technique such as drilling with
smaller diameter and bone compaction
using osteotome. Therefore, the fixtures
in the 27 sinuses were uncovered at their
installation because of good initial stability.
Only two fixtures were removed so far, one
each from Group I and Group III, just
before loading and 1 month after installa-
tion surgery, respectively; the failed im-
plants were successfully replaced by wider
fixtures. The implants under function were
defined as to survive, according to the
criteria described by Buser et al (1990). A
100% prosthetic survival rate for 128 im-
plants placed into grafted sinuses was
achieved. The cumulative implant success
rate after a mean period of 12 months was
98.46% (Table 2).

Histological observations

Histologic evaluation could be made of
only 18 patients (six from Group I, eight
from Group I, and three from Group III),
who agreed with harvesting bone core. The
gross histology of the retrieved tissues was
similar for the three types of graft material.
Histologic evaluation at the time of fixture
installation revealed new bone formation in
conjunction with resorption of graft parti-
cles. Most of the MBCP particles were
embedded in or surrounded by newly
formed bone and it was possible to observe
the close contact between graft particles
and newly formed bone trabecules (Figs 2
and 4). Newly formed bone was character-
ized by lacunae containing osteoblast,
which seemed to be osteocyte, and had
abundant medullary space filled with a
well-vascularized connective tissue with
no histologic markers of inflammation
(i.e., neutrophils and macrophage) or for-
eign body reaction. The new cancellous
bone also exhibited incremental basophilic
lines (Figs 2 and 4) .
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