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Maxillary Sinus Augmentation with the 
Xenograft Bio-Oss and Autogenous 

Intraoral Bone for Qualitative Improvement 
of the Implant Site: A Histologic and 

Histomorphometric Clinical Study in Humans
Murat Yildirim, DDS1/Hubertus Spiekermann, MD, DDS, PhD2/

Stefan Handt, MD, PhD3/Daniel Edelhoff, DDS4

The aim of the present clinical study was to determine, through histologic and histomorphometric
investigations of human bone specimens, whether the addition of autogenous bone to the bone substi-
tute material Bio-Oss can produce a high-quality implant site. To improve vertical bone height, 13 sinus
floor elevations were carried out in a total of 12 patients. Augmentation of the maxillary sinus floor
was completed using a mixture of Bio-Oss and bone harvested intraorally from the mandibular symphy-
sis, the retromolar space, or the tuberosity region. Following an average of 7.1 months of healing, 36
Brånemark System implants were placed. During this surgical intervention, 23 cylinder-shaped bone
biopsies were taken from the augmented maxillary region using trephine burs. Histologic analysis of
the bone biopsies revealed that the Bio-Oss granulate was well-integrated into the newly formed bone;
33.1% (± 12.4%) of the substitute material surface was in direct contact with bone. Histomorphomet-
ric analysis of the samples revealed an average percentage proportion of bone of 18.9% (± 6.4%). The
bovine substitute material and soft tissue occupied, respectively, 29.6% (± 8.9%) and 51.5% (± 9.4%)
of the measured surface. When the implants were uncovered after an average healing phase of 6
months, all 36 implants had become osseointegrated. The combination of osteoconductive Bio-Oss
and osteoinductive autogenous bone thus proved to be a material suitable for application in sinus floor
augmentation. (INT J ORAL MAXILLOFAC IMPLANTS 2001;16:23–33)

Key words: bone substi tutes,  bone transplantat ion,  endosseous dental  implantat ion,  
osteoconduction, osteoinduction, sinus augmentation

Prosthetic treatment of the posterior maxilla with
implants is often difficult because of proximity to

the maxillary sinus and insufficient bone height. Early
loss of the molars in the maxilla can result in the mas-
sive reduction of bone volume in both the vertical and

horizontal directions and thus unfavorable anatomic
conditions for the surgical placement of endosseous
implants.1 Frequently, disappearance of the cancellous
bone of the basal maxillary sinus precedes tooth loss,
so that the root tips reaching into the maxillary sinus
remain covered only by the Schneiderian membrane.
Long-term lack of dentition in the maxilla can result
in the reduction of the jawbone to paper thinness in
the region of the alveolar recess.2

These irreversible resorptive processes following
loss of the maxillary premolars and molars result
from a number of factors. Increasing pneumatization
of the maxillary sinus can result in an enlargement of
the basal proportion of the maxillary sinus.3 Also,
increased osteoclastic activity in the maxillary sinus
mucosa can produce resorption of the maxillary
sinus floor. Atrophic processes can be accelerated by
removable dentures.4
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However, in addition to the quantity of bone, a
further factor requiring consideration in relation to
the osseous anchoring of implants is bone quality.
There is often no cortical bone in the posterior
region of the maxilla, and frequently the cancellous
bone is of only low density—factors that are disad-
vantageous for achieving primary stability with
implant placement.5,6 These facts explain the infe-
rior long-term success rates for implants placed in
the maxilla in comparison to the mandible.7,8

The technique of sinus floor elevation and sub-
antral augmentation allows improvement of vertical
bone height in the anatomically unfavorable poste-
rior maxilla, while having the objective of placing
implants, either at the time of operation or after a
certain healing period. Tatum developed the surgi-
cal technique in the mid-1970s and reported it in
1986.9 However, the first clinical results had been
presented previously by Boyne and James.10 Modifi-
cations of the technique were later presented by
other authors.11,12 The surgical technique involved
in augmentation of the sinus floor consists of
preparing a window in the region of the buccal
maxillary sinus wall, medial-cranial rotation of the
bone cover thus created, and simultaneous elevation
of the maxillary sinus mucosa, followed by augmen-
tation of the resulting cavity with autogenous bone
and/or bone substitute material. Selection of appro-
priate augmentation material is one of the crucial
factors in determining the outcome of sinus floor
elevation.13

Augmentation of the sinus floor with autogenous
bone from the iliac crest has demonstrated good
success rates.10,14–18 However, the second surgical
operation in the region of the iliac crest greatly
increases expenditure both in terms of time and
financial cost. The harvesting of autotransplants
from the iliac crest is frequently connected with
morbidity and functional limitations from the
patient’s point of view.19 Younger and Chapman
reported a complication rate following this opera-
tion (in the form of infection, loss of blood, and
pain) of 8.6%.20 Donor sites in the maxillofacial
region are also useful. Several authors have reported
good success rates for sinus floor augmentation with
autogenous bone harvested from the tuberosity
region, the mandibular symphysis, or the retromo-
lar space.11,21,22 However, strict limits on the avail-
ability of this material present a disadvantage, in
spite of the relatively low expenditure involved in
transplant harvesting and reduced morbidity for
patients. The quantity of bone harvested is gener-
ally insufficient for sinus floor augmentation. A
number of authors have therefore advocated the use
of transplant materials from other sources, such as

allografts,18,23 hydroxyapatite from coral,24 bovine
bone,23,25 or combinations of these materials,26–28

for sinus floor elevation. 
Histologic and histomorphometric analyses of

bone biopsies removed from the augmentation
region allow for evaluation of integration and
resorption of the materials used, and thus evaluation
of their suitability as bone substitute material.
Osseous incorporation has been found in animal
experiments with Bio-Oss (Geistlich Biomaterials,
Wolhusen, Switzerland), which was used in the
present study.23,29 Individual particles of bovine
apatite were found to be mostly surrounded by
newly formed bone, thus having served as scaffold-
ing in the formation of new bone. Use of bovine
apatite in human bone has also produced good clin-
ical results to date.30 Since it was previously proven
to be impossible to achieve osteoinduction with
bone substitute material alone, the addition of auto-
genous material is recommended for improving the
bone quality of the augmented region.26,31,32

The aim of the present study was to ascertain,
through histologic and histomorphometric investi-
gation of human specimens, whether it is possible
to create a suitable implant site by adding autoge-
nous bone to the xenogenic bone substitute mater-
ial Bio-Oss.

MATERIALS AND METHODS

The patient population comprised 12 individuals (9
female, 3 male) with an average age of 51.2 years
(range, 32 to 65 years). Preoperative diagnosis with
panoramic images and, in some cases, computed
tomographic scans, showed that all patients had an
insufficient residual bone supply (on average 1.88
mm) in the subantral maxillary region for immedi-
ate implant placement (Fig 1). Adequate implant
sites were created by improving vertical bone height
through sinus floor augmentation. Thirteen sinus
floor elevations (bilaterally for 1 patient and unilat-
erally for the remaining 11) were completed for the
9 patients with partial dentition and the 3 com-
pletely edentulous patients. All operations were
completed by the same surgeon between April 1996
and July 1998 (Table 1). 

Surgical Procedure
The sinus augmentations were completed according
to the window rotation technique described by Boyne
and James.10 Patients were administered local anes-
thesia, and an incision was made in a slightly palatal
position along the alveolar crest. Vertical releasing
incisions were also made anteriorly and posteriorly.
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Next, a superiorly based mucoperiosteal flap was pre-
pared and elevated, allowing an adequate view of the
buccal sinus wall. Initially with a Lindemann bur and
subsequently with a diamond-tipped bur, a bony win-
dow was formed; the site was cooled continuously
with sterile saline (Fig 2a). The Schneiderian mem-
brane was left intact. The infractured lateral sinus
wall was elevated to the medial-cranial (Fig 2b). The
cavity thus created was filled with the augmentation
material (Fig 2c), which was Bio-Oss mixed with
autogenous bone. The autotransplant was harvested
intraoperatively from the mandibular symphysis, the
retromolar space, or the tuberosity region (Table 1).
Pieces of bone were harvested from each of the donor
regions via trephined circular holes 8 mm in diameter
(Fig 2d). Larger particles of bone were reduced to
fine chips using a bone grinder and mixed with Bio-
Oss. After application of the augmentation material, a
resorbable Bio-Gide membrane (Geistlich Biomateri-
als) was used to cover the defect in the buccal maxil-
lary sinus wall to prevent soft tissue from growing
into the augmented region. The operated region was
then sutured using non-resorbable 5.0 sutures
(GTAM, W. L. Gore, Flagstaff, AZ). 

In the postoperative phase, patients were pro-
tected from infection by administration of the
antibiotic Augmentin (500 mg, 4 times daily)
(Beecham-Wülfing, Neuss, Germany). To prevent
swelling of the nasal and maxillary mucous mem-
branes, Otrivin (CIBA-Geigy, Wehr, Germany) was
prescribed. Patients were also given ibuprofen (400
mg, 3 times daily) as an analgesic and antiphlogistic
(Klinge Pharma, Munich, Germany). They were
instructed to rinse twice daily over a period of 2
weeks with a 0.2% chlorhexidine gluconate solu-
tion. Patients were also advised not to wear their
removable prosthesis during the same period and
not to blow their noses. Following a healing period
of 2 weeks, the sutures were removed.

After an average of 7.1 months of healing (range,
6.0 to 9.5 months), a total of 36 Brånemark System
implants (Nobel Biocare AB, Göteborg, Sweden)
were placed in the posterior maxillae of the 12
patients (Figs 3a and 3b). During this surgery, 23
bone biopsies were removed from the augmentation
material. This was completed using a trephine bur of
2.1-mm inner diameter and 3-mm outer diameter.
Intraoral implants were placed according to standard
procedure into the bone cavities thus created.

Preparation of Ground Specimens
For histologic and histomorphometric analyses of
the bone biopsies, histologic sections were com-
pleted according to the standard sawing and grind-
ing technique of Donath and Breuner.33 The
trephine burs were immersed in formalin for 48
hours, rinsed in running water overnight, and then
dehydrated in serial concentrations of alcohol (70%,
80%, 96%, and 100%). The sections were embed-
ded in the plastic K-Plast (Medim, Giessen, Ger-
many). Two sections, each approximately 300 µm
thick, were cut parallel to the longitudinal axis of
the trephine bur using a diamond band saw (Exakt,
Norderstedt, Germany) (Fig 4). The cuts were then
reduced by microgrinding and polishing to a thick-
ness of 100 µm and stained, first with toluidine blue
and then with pyronine G. This allowed 2 histo-
logic sections to be produced from each biopsy.

Histology
The newly formed bone could be unambiguously
distinguished from bovine bone substitute material.
Staining with toluidine blue and pyronine G caused
the newly formed osseous structures and Bio-Oss to
appear purple and bright purple-orange, respectively.
The xenogenic bone substitute material exhibits
empty osteocyte lacunae characterized by a lack of
osteocyte nuclei and a washed-out or completely

Fig 1 Preoperative panoramic radiograph.
The vertical bone supply in the posterior
region of the maxilla is insufficient for implant
placement.
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Fig 2a The lateral maxillary sinus wall with prepared bone
cover.

Fig 2b The lateral maxillary sinus wall is rotated to the medial-
cranial, and the Schneiderian membrane is lifted without perfora-
tion.

Fig 2c The xenograft/autograft mixture is applied to the maxil-
lary sinus floor.

Fig 2d Donor areas are outlined for the autogenous bone
transplant. Bone is removed from the chin region using a
trephine bur. 

Fig 3a Clinical status 7.5 months after augmentation of the
maxillary sinus floor in the right quadrant. During implant place-
ment, test biopsies are harvested from the augmented region.

Fig 3b Panoramic image following prosthetic treatment of the
implants with metal-ceramic interlocking implant crowns.



missing lamella-type layer. In contrast, osteocytes
sending out branched protoplasmic processes into
the small bone canals are easily recognizable in the
flattened lacunae osseae of the natural living bone
tissue. Also, the bovine granules are short, thick, and
sharp-edged, whereas the natural bone lamellae are
long and the boundaries relatively unclear (Fig 5a).

The specimens were viewed under polarized
light so that the Bio-Oss and newly formed bone
could be clearly distinguished. It was thus possible
to highlight the difference between implanted and
newly formed bone via visualization of the birefrin-
gent fibers in the bone (Fig 5b).

Histomorphometric Analyses
A semiautomatic measurement technique was
selected for histomorphometric investigation of the
fine-ground specimens. The operating system
applied was Windows for Workgroups 3.11
(Microsoft, Munich, Germany) with its graphic
user interface. Image processing was performed
with the analysis program KS 300 (Zeiss, Jena,
Germany). The hardware required for comprehen-

sive measurement of the sections was
Prog/Res/3008 (Kontron Elektronik, Eching, Ger-
many) and consisted of the light microscope
Axioskop (Zeiss, Jena, Germany), a videocamera, a
video mixer, and an IBM-compatible computer.
The visual field of the light microscope was
recorded by the videocamera at a magnification of
100, and the field was projected onto the computer
screen using the video mixer with the computer
graphics of the image processing program KS 300.
Movement of the section, and thus adjustment of
the measurement field (which matched the visual
field of the microscope), was possible via 2 screws
on the stage of the microscope. Selection of mea-
surement fields was performed by visually monitor-
ing the microscopic image on screen. The cursor
was used to move over the surface of the Bio-Oss
particles and newly formed bone. Special macro-
programming achieved automatic calculation of the
substance of the surface being moved over via pixel
counting (Fig 6). 

Since the visual field remained at a defined size
of 0.5 mm2, the software was able to calculate both
the proportions of substitute material and newly
formed bone and, through differential calculus, the
proportion of soft tissue over the entire measured
surface. During a second measurement phase, the
cursor was used to mark the size of the Bio-Oss par-
ticles and the regions over which they were covered
by newly formed bone. It was then possible to cal-
culate the percentage of Bio-Oss granulate that was
in direct contact with bone.

Two sections were obtained from each biopsy.
The sections were of different width according to
the cross section of the trephine. This meant that in
each pair of ground specimens, one contained a sin-
gle-row measuring field, while the other contained
a double-row measuring field. During surgery, the
trephine bur was sunk to different lengths according

28 Volume 16, Number 1, 2001
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Fig 5a Histologic specimen of the augmentation material (origi-
nal magnification �100). The individual Bio-Oss particles are
fully integrated into the newly formed bone.

Fig 5b The same specimen viewed under polarized light. The
collagen fibers present in the newly formed bone make it appear
much lighter in color than the bovine bone replacement material.

Fig 4 Longitudinal section through the trephine bur with
removed sample material. 
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to the depth of the implants subsequently placed;
this resulted in a variation in the total number of
fields to be measured for each histologic prepara-
tion, ie, between 4 and 28. Regions in which resid-
ual bone was also cut by the trephine bur were
excluded from histomorphometric analysis, so as to
avoid bias in the measurement values.

RESULTS

Clinical Observations
The healing period following maxillary sinus aug-
mentation was completed for nearly all patients
without complications. Two patients showed a post-
operative tendency for nosebleed that lasted 3 days,
and another patient presented with dehiscence of a
suture. No clinical symptoms indicating maxillary
sinusitis occurred in any of the 13 sinus augmenta-
tions. The intraoral implants placed during the sec-
ond operation healed well. After an average of 6
months, the implants were surgically uncovered. All
36 implants were found to be osseointegrated,
resulting in a 100% implant survival rate at this
time. Prosthetic treatment of the patients consisted
of either an implant-supported removable prosthe-
sis or an entirely implant-supported superstructure.
Long-term studies relating to prosthetic loading are
pending.

Histologic Observations
Even after a resting time for Bio-Oss of up to 9.5
months in some cases, individual particles of bone
substitute material were still clearly identifiable. His-
tologic analysis showed that the newly formed bone
was in direct contact with the Bio-Oss particles. The
xenograft was not only invaginated into the newly
formed bone, but individual granules had also
become interconnected through trabecula formation.
The bone was mainly woven, with more mature
lamellar bone occurring only in isolated instances. In
some sections, it was possible to demonstrate vascu-
lar and osseous apposition of the bovine apatite. The
cancellous trabeculae of the xenogenic material
served as a scaffold for the newly forming bone, a
process described in the literature as osteoconduction.
The soft tissue located between the trabeculae and
the xenogenic substitute material contained connec-
tive tissue composed of various forms of fibroblasts,
collagenous fibers, and blood vessels and showed no
signs of inflammation. On light microscopic exami-
nation, neither resorption lacunae nor active osteo-
clasts were found. At the same time, penetrative
ingrowth of the bone indicated that the xenograft
was being slowly substituted.

Histomorphometric Observations
Table 2 and Fig 7 show the results of histomorpho-
metric measurements. The average percentage pro-
portion of newly formed bone was 18.9% ± 6.4%,
in which individual measurement values ranged
from 12.9% to 36.1%. The porous substitute mate-
rial of bovine origin occupied an average of 29.6% ±
8.9% of the measured surface. With a value of
51.5% ± 9.3%, the average percentage proportion
of soft tissue accounted for more than half of the
augmented area. Figure 8 shows the mean values of
the histomorphometric results for individual
patients and regions. Even in the same patient,
some considerable differences were noticed in rela-
tion to the percentage proportion of bone in adjoin-
ing regions. In spite of the waiting period of 6.0 to
9.5 months prior to removal of the bone biopsies,
the duration of placement was not identifiable as a
factor affecting the percentage proportion of bone.
Thus, the individual healing response in individual
patients, rather than the length of time that the sub-
stitute material remained in place, was seen to have
an effect on the integration of the xenograft.

Bone growth around Bio-Oss, as seen in the ana-
lyzed sections, showed considerable differences
regardless of patient age or sex. Values ranged from
9.8% to 53.2% and resulted in an average invagina-
tion of the granulate of 33.1% ± 12.4%. Once
more, the duration of xenograft placement could
not be identified as a factor affecting the extent to
which bone grew around it. Integration of the bone
substitute seemed to be influenced more by the spe-
cific healing response of the individual patient. 

Fig 6 Computer image of the histologic slides. In the histomor-
phometric evaluation, the Bio-Oss particles are marked green,
while the newly formed bone is marked red.
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DISCUSSION 

Because of its osteogenetic potential, the use of auto-
genous bone in sinus floor augmentation is regarded
as the most reliable method for obtaining high-qual-
ity potential implant sites. Formation of new bone is

activated by induction materials, such as bone mor-
phogenetic protein and special growth factors that
promote differentiation of the osteoprogenitor cells
into osteoblasts and/or chondroblasts.26,34

The histomorphometrically obtained results for
bone apposition of bovine apatite in animal models
are frequently greater than the values arrived at in
the present study. However, the applicability of ani-
mal experiments to humans is extremely problem-
atic. For example, the bone reconstruction rate for
rodents is much higher than that of humans. Physi-
ologic remodeling in rabbits is approximately 3
times faster than in humans.35 Use of bovine bone
substitute material in humans must therefore be
expected to result in a lower proportion of new
bone formation.

In a clinical study, Wheeler et al36 used Interpore
200 (Interpore International, Irvine, CA) and Bio-
Oss for the sinus augmentation procedure. After a
healing period of 4 to 36 months, bone biopsies
were removed and histomorphometrically mea-
sured. The use of hydroxyapatite alone resulted in a
bone density of 16.38%.36 Valentini et al completed

Table 2 Histomorphometry (Mean ± SD, in Percentages) of
Sinus Biopsies Following Grafting with Bio-Oss and
Autogenous Bone 

Patient Location Bone Bio-Oss Soft tissue

P.B. 15 16.3 ± 0.6 23.3 ± 3.6 60.4 ± 3.0
M.H. 16 15.9 ± 1.4 28.1 ± 8.0 55.9 ± 9.4

17 13.3 ± 0.9 32.1 ± 7.7 54.7 ± 6.8
B.S. 27 16.4 ± 1.4 30.4 ± 3.4 53.1 ± 2.0
G.N. 16 14.7 ± 2.6 29.3 ± 5.5 56.1 ± 2.9

17 15.9 ± 0.5 23.0 ± 0.9 61.1 ± 1.4
S.F. 16 15.1 ± 1.1 38.4 ± 9.7 46.5 ± 9.0

17 18.6 ± 0.1 30.0 ± 4.8 51.5 ± 4.8
S.C. 16 20.9 ± 4.4 26.8 ± 1.3 52.2 ± 3.1

17 18.9 ± 2.7 42.9 ± 5.7 38.2 ± 8.4
B.V. 16 12.9 ± 4.1 31.7 ± 1.5 55.4 ± 5.6

17 22.8 ± 8.1 33.8 ± 4.4 43.4 ± 3.7
K.R. 16 12.9 ± 1.3 46.1 ± 9.7 41.0 ± 11.0

17 13.8 ± 2.4 25.9 ± 3.0 60.4 ± 0.6
G.P. 16 13.8 ± 0.6 30.4 ± 8.0 55.9 ± 7.4

17 23.1 ± 3.7 43.8 ± 8.1 33.2 ± 4.5
26 17.9 ± 3.1 28.1 ± 6.5 54.0 ± 3.4

L.K. 16 17.1 ± 1.4 30.5 ± 8.4 52.4 ± 9.8
17 18.4 ± 2.3 14.0 ± 2.8 67.6 ± 0.5

K.G. 26 31.9 ± 6.3 22.8 ± 6.7 45.3 ± 13.1
27 36.1 ± 1.8 22.0 ± 3.6 41.9 ± 1.7

A.P. 16 21.6 ± 4.9 30.0 ± 2.7 48.4 ± 7.5
17 27.1 ± 0.7 18.3 ± 9.1 54.7 ± 9.0

Overall mean ± SD 18.9 ± 6.4 29.6 ± 8.9 51.5 ± 9.4

The mean values shown for standard deviations relate to the total number of histomorpho-
metric measurements per measurement field carried out.
*Tooth numbers: 15 = R. second premolar; 16 = R. first molar; 17 = R. second molar; 
26 = L. first molar; 27 = L. second molar.

Bio-Oss
29.6%

Soft tissue
51.5%

Bone
18.9%

Fig 7 Histomorphometric findings (mean values) after grafting
with Bio-Oss and autogenous bone.



sinus augmentation for 1 patient using Bio-Oss.37

This was followed by a histomorphometric compar-
ison of the proportion of bone in the residual bone
with the proportion of new bone formation in the
augmented region. In the residual bone, the bone
density measured was 27%, and in the augmenta-
tion material new bone formation of 28% was
achieved, with a density of bone substitute material
of 28%. The demand for space of the bone substi-
tute material would thus seem to limit itself to the
bone marrow region.37 Camelo et al investigated
the clinical application of Bio-Oss in periodontal
defects.38 After a resting time of the bone substitute
material of 6 to 9 months, biopsies were removed
from the relevant regions for histomorphometric
analysis. In a total of 4 patients, the percentage val-
ues for new bone formation varied between 5.2%
and 31.6%. The healing response in individual
patients seemed to be a crucial factor.

The average percentage proportion of newly
formed bone obtained by the authors (18.9% ±
6.4%) after an average bovine apatite resting time
of 7.1 months is comparable with the above-cited
investigations. The values measured in the present
study also showed a relatively large range: the low-
est value was 12.9%, and the highest was 36.1%. 

The present study failed to confirm the increase
in percentage bone proportion obtained by Haas et
al following sinus augmentation with bovine
hydroxyapatite in sheep (27.4% bone after 12 weeks
resting time versus 34.7% bone after 26 weeks).25

Although sampling was completed after an augmen-
tation material resting time of between 5.5 and 10.5

months, an increase in the percentage proportion of
bone over time was not seen. Accordingly, bony
integration of Bio-Oss is mainly influenced by the
healing response of the individual patient and is less
dependent on the resting time of the augmentation
material. 

In the literature, resorption of bovine bone sub-
stitute material has been the subject of controversy.
Resorption of Bio-Oss has been described for ani-
mal experiments in the rabbit and dog.39,40 Schlick-
ewei and Paul described resorption of Bio-Oss as
physiologic remodeling, requiring (as expected) a
time interval of 1 to 5 years in the case of human
bone and 6 to 12 months in the case of rodents.29 In
humans, radiographic examination has been able to
identify the presence of Bio-Oss granules even after
a resting time of up to 7 years30 and histologically
44 months after augmentation of the maxillary alve-
olar ridge.41 This leads the authors to doubt the
resorbability of the material. Osteoclastic activity
seemed to affect the appositionally developed bone
of the patient, which was itself oriented to the
bovine pattern, rather than the bovine structure of
the substitute material.30

Histologically, the present study was unable to
prove the presence of resorption lacunae or osteo-
clasts. However, penetrative inward bone growth
points to biologic degradation of the bone substi-
tute material. At the outset, Bio-Oss apparently
accounts for 25 to 30% of the space available in the
defect.42 Given that in the present study the average
density of the substitute material was 29.6%, a high
level of osteoclastic activity cannot be hypothesized.
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Slow resorption as physiologic remodeling when
Bio-Oss is used in sinus floor augmentation appears
appropriate, because rapidly progressing degrada-
tion would endanger the stability of the implant
site. 

The histologically observed integration of the
Bio-Oss granulate, as well as the implant osseointe-
gration confirmed at uncovering, suggests that a
combination of Bio-Oss and autogenous bone can
be useful as augmentation material. Long-term
studies under prosthetic loading will be required to
confirm whether the maxillary implant success rate
of 84.9% observed by Albrektsson et al after an
observation period of 5 to 7 years can be achieved
for implants placed in augmented regions.7

CONCLUSIONS

The present study demonstrated that sinus floor
augmentation with a blend of intraorally harvested
bone and xenogenic Bio-Oss as augmentation mate-
rial can be regarded as an appropriate method of
treatment for achieving an increase in subantral
bone supply for implant placement. The histologi-
cally observed integration of bovine apatite,
together with the 100% survival rate at the time of
implant uncovering, supports clinical application for
patients. 

The quality of the implant site may be enhanced
by the addition of autogenous bone. By providing
osteoblasts, intraorally harvested bone can con-
tribute to new bone formation. Osteoinductive
properties of the autograft related to bone morpho-
genetic proteins simultaneously achieve differentia-
tion of mesenchymal cells into bone-forming cells.
The combination of osteoinductive autograft and
osteoconductive xenograft thus appears promising.
Long-term results under prosthetic loading will
provide information about whether maxillary sinus
augmentation using Bio-Oss and bone harvested
from the patient can ensure a suitable implant site
over the long term.
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