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A Clinical and Histologic Evaluation of Implant 
Integration in the Posterior Maxilla After Sinus 

Floor Augmentation with Autogenous Bone, 
Bovine Hydroxyapatite, or a 20:80 Mixture

Mats Hallman, DDS1/Lars Sennerby, DDS, PhD2/Stefan Lundgren, DDS, PhD3

Purpose: This study was designed to clinically and histologically evaluate the integration of titanium
implants in different grafting materials used for maxillary sinus augmentation procedures. Materials
and Methods: A total of 21 patients and 36 maxillary sinuses were augmented with (1) autogenous
particulated bone from the mandibular ramus, (2) bovine hydroxyapatite (BH) with membrane cover-
age, or (3) an 80/20 mixture of BH and autogenous bone. The grafts were allowed to heal for 6 to 9
months prior to placement of microimplants for histology and standard implants for prosthetic rehabili-
tation. After another 6 months of healing, when abutments were connected, the microimplants were
retrieved for histologic and morphometric analyses. The outcome of the standard implants was clini-
cally evaluated after 1 year of loading. Results: The mean bone-implant contact was 34.6 ± 9.5%,
54.3 ± 33.1%, and 31.6 ± 19.1% for autogenous bone, mixture of 20% autogenous bone/80% BH,
and 100% BH, respectively. The corresponding values for the bone area parameter were 37.7 ± 31.3%,
39.9 ± 8%, and 41.7 ± 26.6%. The BH area was found to be 12.3 ± 8.5% and 11.8 ± 3.6% for 20%
autogenous bone/80% BH and 100% BH, respectively. There were no statistically significant differ-
ences for any parameter between any of the groups. After 1 year of loading, 6 of the 33 implants
placed in autogenous bone grafts, 2 of the 35 implants placed in the BH/autogenous bone mixture,
and 2 of 43 implants placed in BH were lost. There were no statistically significant differences
between any of the groups. Discussion: The histomorphometric analysis showed no differences
between the 3 groups, indicating that autogenous bone graft can be substituted with bovine hydroxy-
apatite to 80% or 100% when used for maxillary sinus floor augmentation. The effect of adding auto-
genous bone remains unclear but may allow for a reduction of the healing time. Conclusion: The
results from this clinical and histologic study indicate that similar short-term results can be expected
when using autogenous bone, BH, or a mixture of them for maxillary sinus floor augmentation and
delayed placement of dental implants.  (INT J ORAL MAXILLOFAC IMPLANTS 2002;17:635–643) 

Key words: autogenous bone graft, bovine hydroxyapatite, clinical study, dental implants, fibrin glue,
maxillary sinus floor augmentation

Augmentation of the maxillary sinus floor with
autogenous bone or bone substitutes is a com-

monly used method to increase bone volume prior

to placement of implants in the posterior maxilla.1

One purpose of the augmentation procedure is to
provide a sufficient volume of bone tissue for
mechanical support and integration of the implants.
Even though several clinical and radiographic inves-
tigations have generally demonstrated good results
irrespective of techniques and grafting materials,2–13

little is known about the healing pattern and inte-
gration processes of implants placed in different
grafting materials in humans. 

Bovine hydroxyapatite (BH) (Bio-Oss, Geistlich
Pharmaceutical, Wolhusen, Switzerland) is a bone
substitute that has been used and evaluated for bone
augmentation purposes.10–12,14,15 Histologic studies
of specimens from animals and humans have shown
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BH to have bone-conductive properties10–12,16–19 but
have also indicated that BH will not be resorbed
with time.11,20 In clinical follow-up studies of maxil-
lary sinus floor augmentation procedures, the
authors have used BH alone or in combination with
autogenous bone, demineralized freeze-dried bone,
or fibrin glue.10–12,15 It has been anticipated that the
addition of autogenous bone will induce and facili-
tate bone formation with incorporation of the bone
substitute.8–12 The advantage of using bone substi-
tutes alone prior to implant surgery is obvious, since
no donor site for harvesting of autogenous bone is
necessary. However, the question remains as to what
role autogenous bone plays in the healing process
and whether it can be completely replaced with a
substitute. The clinical studies referred to above
have reported similar implant survival rates, irre-
spective of the technique used, but with varying fol-
low-up time.9,12,21,22 However, conclusions should be
drawn with caution, since only a few implants were
followed during a short period of time.

Several animal models have been utilized for his-
tologic and biomechanical analyses of the bone
graft/implant interface.23,24 Placement and retrieval
of titanium microimplants from grafted areas have
earlier been performed to study the integration of
titanium implants in maxillary sinus floor augmen-
tation situations comparing allogenic and autoge-
nous bone grafts25 and in the grafted maxilla using
iliac crest bone.26

The aim of this clinical and histologic investiga-
tion was to study the graft/titanium implant inter-
face in maxillary sinuses augmented with autoge-
nous bone, BH, or an 80:20 mixture of BH and
autogenous bone. The clinical performance of stan-
dard implants placed in the different grafts during
the first year of loading was also evaluated. 

MATERIALS AND METHODS

Patients 
Twenty-one patients (14 women, 7 men) with a
mean age of 54 years (range 19 to 80 years) partici-
pated in the study. The patients were referred to the
Department of Oral and Maxillofacial Surgery,
Gävle Hospital, Gävle, Sweden, for maxillary sinus
augmentation because of lack of bone for the place-
ment of endosseous implants. The inclusion crite-
rion was that less than 5 mm of alveolar bone in the
floor of the sinus remained, as determined by con-
ventional tomography. The patients were classified
as Class V or VI in the posterior regions of the
maxilla and the edentulous patients were Class III
or IV in the anterior maxilla, all according to

Cawood and Howell.27 After being informed about
the study, the patients signed a consent form. The
study was approved by the regional ethical commit-
tee. 

Maxillary Sinus Floor Augmentation Surgery
All patients underwent surgical procedures under
local anesthesia with lidocaine (2%) with epineph-
rine (1:80,000) (Xylocaine/Adrenalin, Astra,
Södertälje, Sweden) and perioral sedation (Midazo-
lam/Dormicum, Roche, Stockholm, Sweden). The
surgical procedure for the maxillary sinus augmen-
tation procedure has been described elsewhere.2,9 In
brief, a lateral maxillary sinus osteotomy with
infracture was performed, combined with stripping
off the sinus membrane, to create a subsinus cavity
into which the graft material could be placed. 

Bone Augmentation Materials
Two different grafting materials were used: (1)
autogenous particulated bone from the mandibular
ramus, and (2) BH (Bio-Oss; particle size = 0.25 to
1.00 mm). Harvesting of the corticocancellous
mandibular ramus grafts was performed under local
anesthesia (lidocaine 2% with epinephrine
[1:80,000], Xylocaine/Adrenalin, Astra). As a pro-
phylactic measure, all patients received 300 mg of
Clindamycine (Pharmacia/Upjohn, Stockholm,
Sweden) 1 hour before surgery and 3 times daily for
10 days. The mandibular ramus was exposed
through a mucoperiosteal incision from the second
premolar to the lateral side of the ramus. A unicor-
tical osteotomy was performed using a fissure bur,
and the buccal cortical plate was fractured laterally
with osteotomes. The bone graft was milled and
kept in autogenous blood. The periosteum and
mucosa were carefully readapted and sutured using
resorbable sutures. A fibrin glue (Tisseel Duo
Quick, Immuno, Vienna, Austria) was added to the
different mixtures of grafts after thrombin (Throm-
bin, Immuno) was added to catalyze the setting.

Treatment Protocol
Bilateral maxillary sinus floor augmentation was
performed in 11 patients (groups 1a and 1b). In a
randomized manner, one side was grafted with
100% particulated bone from the mandibular ramus
(group 1a) and the contralateral side with a mixture
of 80% BH and 20% bone from the mandibular
ramus (group 1b). After a mean healing time of 6.5
months (range, 6 to 7 months), 67 Brånemark Sys-
tem implants were placed (self-tapping Mark II,
3.75 mm diameter; Nobel Biocare, Göteborg, Swe-
den) (Table 1a). Thirty-three implants were placed
in the side augmented with autogenous bone only
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and 35 implants were placed in the side augmented
with a mixture of BH and autogenous bone.

A second group of 10 patients underwent unilat-
eral (6 patients) or bilateral (4 patients) maxillary
sinus floor augmentation using 100% BH (group 2).
A resorbable membrane (BioGide, Geistlich Phar-
maceutical) was used to cover the defect in the lat-
eral wall of the maxillary sinus on the lateral wall of
the graft to inhibit the ingrowth of fibrous connec-
tive tissue (in group 2 only). According to the
authors’ earlier experience of grafting with 100%
BH, the healing period was prolonged because the
newly formed bone was too immature after 6

months of healing to provide enough stability for
the placement of dental implants. The mean healing
time for this group was 8.5 months (range, 8 to 9.5
months). After the healing period, 43 implants were
placed (self-tapping Mark III, 3.75 mm diameter,
Nobel Biocare) (Table 1b).

After a healing period of 6 months, abutment
connection was performed in all patients. Prosthetic
treatment with screw-retained metal-ceramic fixed
prostheses was provided, and all patients were fol-
lowed during 1 year of functional loading. All
patients had their own teeth with or without crowns
as an opposing occlusion.

Table 1a No. of Implants Placed, Failed, and Retrieved After 1 Year in Function in Maxillary Sinuses
Augmented with Autogenous Bone Alone or Mixed with BH

Group 1a Group 1b

Implant Implant Implant Implant Retrieved
Patient no. lengths (mm) failures lengths (mm) failures microimplants

1 15,13,13 1 13,13,13 0 1 + 1
2 13,13,13 1 13,13,13 0 0
3 13,13,13 0 13,13,10 0 1 + 1
4 13,15,13,10 2 10,15,15 0 0
5 7,7,7 0 7,7,7,7 0 0
6 15,13,13 0 15,13,13 0 1 + 1
7 10,10,10 1 10,10,10,10 1 1 + 1
8 11.5 0 11.5 0 1 + 1
9 10,10,10,13 1 13,13,10,10 1 1 + 1

10 10,10,10 0 10,10,10,10 0 1 + 1
11 15,13,13 0 15,13,13 0 1 + 1
Total  (failure rate) 33 6 (18%) 35 2 (5.7%) 8 + 8

Group 1a = sinus augmented with autogenous bone only; Group 1b = sinus augmented with 80:20 mixture of BH and autogenous bone.

Table 1b No. of Implants Placed, Failed, and Retrieved After 1 Year in
Function in Maxillary Sinuses Augmented with BH

Group 2

Implant Implant Retrieved
Patient no. lengths (mm) failures microimplants

12 10,13,13 0 1
13 13,15,10 0 1
14 13,13 0 1
15 13,13,13 0 1
16 13,13 0 1
17 13,13,13,13 0 1
18 10,10,10,10,13,13,13 0 1
19 13,13,13,13,13,13 1 1
20 10,10,10,10,10,10,10,10 1 1
21 15,15,13,13,13 0 0
Total  (failure rate) 43 2 (4.6%) 9
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Placement and Retrieval of Microimplants
Thirty screw-shaped microimplants were produced
from turned (machined) commercially pure titanium.
The implants were 5 mm in length and 2 mm in
diameter and had a slotted head. Prior to surgery, the
implants were cleaned in ultrasonic baths with
trichloroethylene and absolute alcohol, 10 minutes
in each solution, and sterilized by autoclaving.

At the time of standard implant placement, 1
microimplant was placed laterally in each aug-
mented sinus in all patients (Fig 1a). Preparation for
placement of the test implant was made with a 1.6-
mm twist drill under saline irrigation. The test
implant was then self-tapped into place with a small
screwdriver. 

At abutment connection surgery, 25 of the placed
microimplants were retrieved along with the sur-
rounding bone (Fig 1b) using a 3- or 5-mm
trephine, depending on available space between the
standard dental implants. The retrieved microim-
plants were fixed by immersion in 4% buffered
formaldehyde solution.

Specimen Processing and Analysis 
The fixed specimens were dehydrated in a graded
series of ethanols and embedded in plastic resin
(Technovit 7200 VCL, Kulzer, Wehrheim, Ger-
many). Sections were cut and ground to a thickness
of approximately 150 µm by means of Exact cutting
and grinding equipment (Exact Apparatebau,
Norderstedt, Germany). The ground sections were
further ground to a thickness of about 10 µm and
stained with 1% toluidine blue and 1% pyronin-G. 

Examination, photography, and morphometric
measurements were made in a Leitz Orthoplan

microscope equipped with a Microvid morphomet-
ric system (Leitz, Wetzlar, Germany) connected to
a personal computer. The morphometric measure-
ment comprised: (1) the amount of bone occupying
the area of the implant threads (percentage bone
area); (2) the amount of graft material occupying
the area of the threads (percentage graft [BH]
area); and (3) the degree of bone-implant contact
with all implant threads (percentage bone-implant
contact).

Statistical Analysis
The Wilcoxon signed rank test was used for paired
statistical analysis and the Wilcoxon sum rank test
was used for unpaired analysis of the morphometric
parameters. The Fisher exact test was used to com-
pare implant failure rates. A difference was consid-
ered statistically significant if P < .05. 

RESULTS

Implant Survival
Six of the 33 dental implants placed in 100% auto-
genous bone grafts were lost. The survival rate for
this group was 82.4% after 1 year of loading (group
1a). Two of the 35 dental implants placed in an
80:20 mixture of BH and autogenous bone were
lost, resulting in a survival rate of 94.4% after 1
year of loading (group 1b) (Table 1a). Two of 43
dental implants placed in 100% BH (group 2) were
lost, resulting in a survival rate of 96% after 1 year
of loading (Table 1b). There were no statistically
significant differences (NS) between loss of
implants in any of the groups.

Fig 1a Two test implants in the lateral wall of the maxillary
sinus 6 months after an augmentation procedure.

Fig 1b Retrieved test implant with surrounding bone.
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Histology and Morphometry
Because of limited space between the standard den-
tal implants in 3 of the patients in group 1 and 1
patient in group 2, it was not possible to retrieve all
microimplants. Histologic examination could be
made of a total of 25 microimplants (8 from group
1a, 8 from group 1b, and 9 from group 2). 

Analysis showed the presence of bone tissue in
varying degrees in all specimens (Figs 2 to 4). In

general, the gross anatomy of the tissues surround-
ing the microimplants was similar for the 3 types of
grafting materials. The specimens consisted of
newly formed bone tissue, bone graft material, loose
connective tissue, and occasional areas of fat cells.
Bone formation and remodeling adjacent to the
implant surface were evident in the specimens (Figs
2b, 3b, and 4b). BH particles were embedded in an
admixture of woven and lamellar bone and were

Figs 2a to 2c Light micrographs of a microimplant placed in 100% autogenous bone (1% toluidine blue and 1% pyronin-G). 

Fig 2a (Left) Overview. The interface
area is occupied by bone (B) and soft tis-
sue. In some areas the bone is seen in
direct contact with the titanium implant
(Ti) (�4).

Fig 2b (Top right) Detail of area shown
in 2a, showing bone (B) in direct contact
with the implant surface (Ti) (�10).

Fig 2c (Bottom right) A few autoge-
nous bone particles (asterisks) can be
distinguished in an area with lamellar
and woven bone. Bone (B) and bone
marrow (BM) tissue are seen in close
apposition with the implant surface (Ti)
(�20).

Figs 3a to 3c Light micrographs of a microimplant placed in an 80/20 mixture of BH and autogenous bone (1% toluidine blue and 1%
pyronin-G). 

Fig 3a (Left) Overview showing miner-
alized tissue (B) and soft tissue in the
interface area (�4).

Fig 3b (Top rIght) Detail of area shown
in Fig 3a. The implant (Ti) is seen in
direct contact with the mineralized tis-
sue (B) (�10).

Fig 3c (Bottom right) BH, newly
formed bone (B), and bone marrow (BM)
can be distinguished at a higher magnifi-
cation. However, it is difficult to identify
any grafted autogenous bone particles
in this section (�20). Ti = implant.



easily identified because of their staining and mor-
phologic appearance, ie, sharp edges and lack of
resorption (Figs 3c and 4c). Smaller particles of BH
could be seen in the interface, probably as a result
of the drilling when placing the microimplants (Figs
3c and 4c). Bone formation was seen directly on the
surface of the BH particles. The particles were sel-
dom seen in direct contact with the surface of the
microimplant, but were usually separated from it by
newly formed bone or loose connective tissue. The
BH particles did not seem to be affected by resorp-
tion and remodeling. The autogenous particles
could be distinguished only diffusely, since they
were partly resorbed and incorporated with the
newly formed and remodeled bone (Fig 2b).

Because of this, no attempts were made to quantify
their area in the specimens. The soft tissue compo-
nents consisted of a loose connective tissue rich in
vessels and cells, and, in some areas, of fat cells. The
soft tissue resembled the morphology of bone mar-
row tissue (Figs 2c, 3c, and 4c). Although inflamma-
tory cells were present, there were no signs of
pathologic inflammation.

The mean bone-implant contact in the speci-
mens retrieved from patients in group 1a (autoge-
nous bone) was 34.6 ± 9.5%, in group 1b (80:20
mixture of BH and autogenous bone) 54.3 ± 33.1%,
and in group 2 (BH) 31.6 ± 19.1%. The corre-
sponding values for the bone area parameter were
37.7 ± 31.3% (group 1a), 39.9 ± 8% (group 1b), and
41.7 ± 26.6% (group 2). The BH area was found to
be 12.3 ± 8.5% and 11.8 ± 3.6% for groups 1b and
2, respectively (Fig 5). There were no statistically
significant differences for any parameter between
any of the groups.

DISCUSSION

In this study it was confirmed that the microimplant
technique can be used to evaluate the bone-implant
interface in augmented maxillary sinuses without
interfering with the healing of standard implants if
the inter-implant space is sufficient.25,26 One obvious
advantage with the technique is that the bone tissue
response to an augmentation material, as well as the
integration of an implant into the material, can be
studied in patients. The experimental situation also
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Figs 4a to 4c Light micrographs of a microimplant placed in 100% BH (1% toluidine blue and 1% pyronin-G). 

Fig 4a (Left) Overview showing miner-
alized tissue (B) in close relation with
the implant (Ti) (�4). 

Fig 4b (Top right) Detail of area shown
in Fig 4a, showing BH particles to be
well incorporated with newly formed
bone (B). The implant (Ti) is in direct con-
tact with the bone (�10).

Fig 4c (Bottom right) An area with
numerous BH particles (BH, arrows) well
embedded in newly formed bone. Bone
is seen in direct contact with the implant
(Ti) (�20). BM = bone marrow. 

BH 80% + autogenous bone 20%
Autogenous bone
BH 100%

100
90
80
70
60
50
40
30
20
10

0
Bone-implant

contact
Bone area BH area

%
 o
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Fig 5 Results of the morphometric analyses. There were no sta-
tistically significant differences (P > .05) between the groups for
any of the parameters.
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makes it possible to correlate the histologic findings
with the clinical outcome of the standard implants
placed in the same area.

As frequently described previously,8–12 bone for-
mation was seen at the surface of the BH particles,
which seemed to become well incorporated with the
new bone. The BH particles showed a distinct
staining and were easily identified. However, there
were no signs of resorption, in contrast to the auto-
genous bone particles. Because of this and of the
staining properties of the autogenous graft (similar
to native bone), these were more difficult to identify
in the specimens. The autogenous bone particles
showed bone resorption and bone formation on
their surfaces, in contrast to the BH particles. The
BH particles were seen in contact with the implant
surface only occasionally. Instead, newly formed and
sometimes lamellar bone was found in direct con-
tact with the implants. This seemed to indicate that
the BH particles did not prevent bone formation
and integration of the implant. Morphometric
analysis revealed no statistically significant differ-
ences when comparing microimplants retrieved
from maxillary sinuses augmented with autogenous
bone alone, BH particles alone, or a mixture of the
two. However, a prolonged healing time for the lat-
ter group was needed. During clinical follow-up of
the standard implants, 6 of 33 implants placed in
autogenous bone graft were lost. Two of 35
implants placed in the mixed grafts (80:20 BH and
autogenous bone) and 2 of the 43 implants in 100%
BH were lost. The differences were not statistically
significant. The results indicated that a similar bone
tissue response and integration of titanium implants
could be expected in the 3 situations, at least in the
short-term perspective.

The inclusion criteria used for maxillary sinus
floor augmentation and endosseous dental implants
are of major importance for the clinical outcome. It
is likely that the role of the augmented tissue for
mechanical support of an implant becomes more
important with decreasing thickness of the residual
bone below the maxillary sinus. Jensen and Greer28

demonstrated a 100% survival rate when the resid-
ual bone in the floor of the maxillary sinus was 7
mm and a 29% survival rate when 3 mm of residual
bone remained. The reason for the differences is
probably related to the possibility of achieving pri-
mary stability, which has been shown to be one
determinant factor for implant failure, since implant
failure seems to occur more often in bone with a
low density.29,30

Lack of primary stability will result in micromo-
tion at the tissue-implant interface, which may lead
to fibrous encapsulation rather than bone formation.

Therefore, if good primary stability can be obtained
in small amounts of dense bone, for instance, by
using an adapted surgical technique with narrower
drills and self-tapping implants, it is possible that the
implant can remain stable during functional loading.
For example, implants used for craniofacial recon-
struction are only 3 or 4 mm long, and high long-
term survival rates have been obtained, even when a
1-stage approach is used.31 However, craniofacial
implants are generally not subjected to the same
type and magnitude of loading as are intraoral
implants. Ellegaard and coworkers32 found that
implants placed in a few millimeters of bone and
protruding into the maxillary sinus without a graft
were as successful as implants placed in an adjacent
site with sufficient bone volume during a 3-year
period. They used implants with an increased sur-
face roughness, which may have contributed to the
favorable results. A recent microimplant study in
patients by Ivanoff and associates33 showed a higher
degree of bone contact and more bone around the
threads of microimplants with an enhanced surface
roughness compared to machined, threaded
implants. In the present study machined implants
were used, and it is possible that the degree of bone-
implant contact may have been higher if textured
implants had been used.

Previous histologic studies using the microim-
plant technique for machined implants have shown
that complete integration of an implant placed
simultaneously with a bone graft takes an extended
time, probably longer than 12 months.25,26 It was
also shown that placement of implants after initial
healing of the graft resulted in a more rapid integra-
tion process, where lamellar bone was seen at the
implant interface after 6 months of healing. In the
present study, a healing period of 6 months was uti-
lized before implant placement, except in the
patient group treated with 100% BH, where a 9-
month healing period was used. It was anticipated
that the addition of autogenous bone particles and
marrow to the BH might facilitate proliferation of
vessels and tissues, initiation of new bone forma-
tion, and incorporation of the grafts. For this reason
it was speculated that a longer healing period was
needed for the 100% BH group, since new bone
proliferation must occur from the peripheral bone
walls only. However, this may have influenced the
morphometric results, since it is possible that if the
2 groups with autogenous bone had had a similarly
long healing period before retrieval, more bone and
perhaps statistical differences when compared with
the BH group would have been found.

BH was first used as a bioresorbable material and
anticipated to be replaced by autogenous bone with
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time. However, histologic documentation of the
performance of this material in humans points to
the fact that the material is not resorbed over time.
For instance, the authors’ results10 have shown no
decrease in the amount of BH from 6 months to 3
years after a maxillary sinus floor was augmented
with BH and autogenous bone. Moreover, Schlegel
and Donath20 reported no signs of resorption when
they analyzed 126 clinical specimens from 71
patients with up to 6 years of follow-up. Instead, it
seems that BH particles will remain in the bone tis-
sue and slowly be embedded in lamellar bone,
which may result in a more dense bone than if the
BH had been resorbed. Schlegel and Donath
described this phenomenon as an increased
radiopacity around the BH material with time. It
can be speculated that this may have a positive
influence on implant stability, which is determined
in great part by the density of the surrounding
bone. In fact, Haas and coworkers34,35 demonstrated
a higher push-out force for implants placed simulta-
neously with BH as compared with non-augmented
controls in the sheep maxillary sinus. The short-
term clinical results of the standard implants in this
study indicated fewer implant failures in the maxil-
lary sinuses augmented with BH; however, this
could not be statistically verified. 

The resistance of BH to resorption and degrada-
tion may be advantageous for maintaining the initial
dimensions of the augmented area with time.
Recent results from radiographic analyses of 20
patients with 30 maxillary sinuses augmented with
an 80/20 mixture of BH and autogenous bone
showed less than 10% change over 24 months of
follow-up, which supports this hypothesis.12 Other
authors have reported similar results. Froum and
associates22 followed 13 patients with radiographic
measurements and measured a 1.4% mean change
in the graft height 2 to 3 years after grafting. More-
over, McAllister and colleagues36 concluded that the
density and height of the augmented monkey maxil-
lary sinus remained stable up to 1.5 years after the
procedure. 

In the group of patients augmented with 100%
BH, a resorbable membrane was used on the lateral
wall of the graft to inhibit ingrowth of fibrous con-
nective tissue. This was a decision made according
to earlier experiences that used only BH as a graft-
ing material. The healing time was also extended
from 6 to 9 months. This is in accordance with
other studies22,37 that used grafting materials that
were only osteoconductive. In a study by Tawil and
Mawla37 the use of a membrane was beneficial
(lower implant failure rates) if the healing time after
immediate implant placement was between 6 and 9

months compared to longer healing times. In this
study, machined implants were used, and it was con-
cluded that these implants could be used with predi-
cable results if the healing time was over 9 months.
Perhaps membranes should be used if shorter heal-
ing times are preferred. 

CONCLUSION

The short-term clinical outcome and histologic
evaluation of osseointegration were found to be sim-
ilar for titanium implants placed in maxillary sinuses
6 to 9 months after augmentation with autogenous
bone, BH, or a combination of these materials. 
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