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Maxillary sinus augmentation has
proven to be a predictable way to cor-
rect deficiencies in alveolar bone height
and allow for implant placement with
good predictability. Evidence-based
reviews have shown positive outcomes
using a broad range of grafting mate-
rials, including autogenous bone, allo-
grafts, and xenografts.1–4

Bone morphogenetic proteins
(BMPs) comprise a family of osteoin-
ductive proteins that are capable of
stimulating existing host mesenchymal
cells to form new bone. Dis covered5

and named6 by Marshall Urist,and later
purified and cloned,7–9 there are 15 to
20 known human BMPs today. At least
6 of them (BMP-2, BMP-4, BMP-5,
BMP-6, BMP-7, and BMP-9) are
osteoinductive. At present, only BMP-
2 is available in the recombinant form
and approved for sinus augmentation. 

In 2007, recombinant human
BMP-2 (rhBMP-2) became available
for clinical applications in oral surgery.
The autogenous bone replacement
graft Infuse Bone Graft (Medtronics)
has been approved for use in sinus
augmentation and localized alveolar
ridge augmentations associated with
extraction sockets. It consists of
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rhBMP-2 in a concentration of 1.5
mg/mL in combination with an
absorbable collagen sponge (ACS;
Heliostat). The total treatment dose
used is determined by the number of
sponges used, since there is a maxi-
mum dose that can be absorbed by
the 1- � 3-inch ACSs provided.

A multicenter randomized con-
trolled clinical dosing trial by Boyne et
al10 and a 160-patient pivotal study by
Trip lett11 have demonstrated positive
results when Infuse Bone Graft is used
for maxillary sinus augmentation. The
cited studies, however, indicate that
extensive sinus membrane elevation
is required to place rhBMP-2/ACS
grafts of sufficient volume. The results
further indicate that considerable graft
shrinkage occurs, low initial graft den-
sity is obtained, and that a high cost
is in volved when Infuse autogenous
bone replacement graft is used as the
sole grafting material for sinus aug-
mentation.

The objectives of the following
case reports were to determine an
appropriate method of incorporating
a mineralized bone replacement graft
into the Infuse Bone Graft and to com-
pare two different doses of this com-
bination. The clinical and histologic
results achieved following off-label use
of the Infuse bone graft in combination
with either a xenograft or allograft are
presented. They propose a method to
decrease graft shrinkage, improve
graft density, and lower the cost of the
procedure while still maintaining excel-
lent vital bone formation.

Method and materials

Three patients with less than 4 mm of
residual crestal bone requiring bilateral
sinus augmentation for implant place-
ment were treated in two private prac-
tice settings using the same surgical
technique, with the only differences
being the manner in which the sinuses
were grafted. Informed consent was
obtained, and three-dimensional imag-
ing was performed prior to therapy for
diagnostic purposes and to document
the presurgical condition. All patients
had healthy sinuses, were nonsmokers,
and had no contraindications for sinus
grafting procedures.

After full-thickness mucope-
riosteal flaps were raised to expose
the lateral sinus wall, piezoelectric
surgery was used to gain lateral entry
to the sinus. Com plete osteotomies
were made and the lateral window
bone was discarded. Initial sinus mem-
brane release was ac com plished with
a piezoelectric elevator and then
extended up the medial wall of the
sinus with hand elevators. There were
no observed perforations. Pre paration
of the rhBMP-2/ACS began approxi-
mately 30 minutes prior to the time it
was needed clinically. This allowed for
the mandatory 15 minutes of binding
time of the rhBMP-2 to the collagen
sponge. The sinuses were then grafted
with Infuse bone replacement graft
combined with a xenograft (patient 1)
or an allograft (patients 2 and 3), as
des cribed in the following case reports.
Bar rier membranes were not used over
the lateral window. Follow-up compu -
ted tomography (CT) scans were
perfor med 1 week postoperatively (all
patients), 3 months postoperatively
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(patient 1), and 6 months postopera-
tively (all patients). 

Patient 1

Treatment of this patient was planned
to test two distinct methods for com-
bining the Infuse Bone Graft at a con-
centration of 1.5 mg/mL/ACS with a
xenograft (Bio-Oss, Osteohealth). Half
of the particles were 0.5 to 1 mm and
half were 1 to 2 mm. The right side
was treated with three sponges that
were coated with xenograft and then
rolled into cylinders (Figs 1a and 1b).
On the left side, the three sponges
were cut into strips and mixed with the
xenograft as a composite graft (Figs
1c and 1d). Note that the total volume
of rhBMP-2 was the same on each
side, and it was only the method of
graft formulation that differed.

Follow-up

For patients 2 and 3, CT scans
were taken within 1 week of surgery
and 6 months following the grafting
procedure. Histologic core specimens
were obtained bilaterally on both
patients at 6 months postsurgery. The
3- � 10-mm histologic specimens
were harvested with a trephine drill
from the superior distal aspect of the
former lateral window. The cores were
placed in neutral buffered formalin and
sent to the Hard Tissue Research
Laboratory, where the nondecalcified
cores were prepared according to the
cutting-grinding technique of Donath
and Breuner12 and Rohrer and
Schubert.13 Histomor pho metric analy-
sis was performed as in previous
papers from the current group of
authors14 to determine percentages
of vital bone, residual graft material,

Patients 2 and 3

Treatment of these patients was
planned to test two different volumes
of Infuse Bone Graft at 1.5 mg/mL/ACS
sponge in combination with a mineral-
ized allograft (Allosource, Community
Tissue Services) using the composite
protocol from patient 1. Again, half of
the particles were 0.5 to 1 mm and
half were 1 to 2 mm. While the con-
centration of rhBMP-2 was the same
for each sponge (1.5 mg/mL), the total
volume of rhBMP-2/ACS on the four-
sponge right side was twice that on the
two-sponge left side (5.6 mL versus
2.8 mL). In patient 2, the sponges were
loosely packed and in case 3 the col-
lagen sponges were compressed after
a 15-minute binding period to remove
any excess water. 
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Figs 1a (left) and 1b (right) Collagen
sponge with xenograft rolled into a cylinder
and placed in the sinus.

Figs 1c (left) and 1d (right) Collagen
sponge (cut) with xenograft as a composite
and placed in the sinus.
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and connective tissue and marrow.
Measurements of gain in bone height
were taken from identical paraxial
views from CT scans taken 1 week after
surgery and again after 6 months.
Bone graft density recordings from the
CT scans were obtained in Hounsfield
units (HU). 

For patient 1, CT scans were taken
at 1 week, 3 months, and 6 months
postoperative. The same bone gain
height and density measurements
taken for patients 2 and 3 were also
taken for patient 1.

Results

Patient 1

Figures 1e to 1j present paraxial CT
scan views of this bilateral situation
grafted with Infuse Bone Graft and a
xenograft in cylindric and composite
configurations. Moderate shrinkage is
evident in the interval from immedi ately
postsurgery to 3 months. Shrink age
from 3 to 6 months occurred to a lesser
degree. The initial density obtained with
the composite technique was greater
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Figs 1e to 1g Patient 1: Paraxial CT scans of the right sinus (cylindric technique) taken (left) immediately postsurgery, (center) 3 months
postsurgery, and (right) 6 months postsurgery.

Figs 1h to 1j Patient 1: Paraxial CT scans of the left sinus (composite technique) taken (left) immediately postsurgery, (center) 3 months
postsurgery, and (right) 6 months postsurgery.
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than that obtained with the cylinder
technique (352 versus 194 HU). Final
graft density was also greater (950 ver-
sus 538 HU) and the amount of graft
shrinkage was less for the composite
group (4.9 versus 7.6 mm). Table 1 lists
graft density at three time intervals and
crestal bone height gain at those same
intervals. 

Patient 2

Figures 2a to 2f show representative
paraxial views of a bilateral case grafted
with Infuse Bone Graft and allograft in
the four-sponge (Fig 2a to 2c, right side)
and two-sponge (Fig 2d to 2f, left side)
configurations. Extensive shrinkage and
resorption occurred on both sides at 6
months. A higher initial density was
achieved when fewer sponges (lower
volume) were used to graft the sinus
(315 versus 229 HU) and this increased
density was maintained at 6 months
(399 versus 295 HU). Shrinkage of the
graft over the 6-month interval was
much greater for the four-sponge graft
than for the two-sponge graft (6 versus
2.4 mm) (Table 2). 

Figures 2g to 2l show representa-
tive histologic specimens from patient
2. Histologic specimens were similar
on both sides, with the percentages of
vital bone being 46% and 53% on the
four- and two-sponge sides, respec-
tively. Mature and immature vital bone
dominated the mineralized portion of
the sections. Numerous blood vessels
were evident and many surfaces exhib-
ited osteoblastic activity with osteoid
formation. There was minimal evi-
dence of the residual allograft. 

Patient 3

In this patient, volumetric shrinkage
was accurately measured using a
computerized technique that three-
dimensionally segments the sinus 
volume by variations in density, as
measured in HU (Materialise Mimics
version 12.11). This technique allowed
for differentiation between the vol-
ume occupied by the bone graft and
the extensive postoperative inflam-
matory response observed within the
sinus. This inflammation had resolved
by the 6-month postoperative scan
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Table 1 Patient 1: Graft density (HU) and crestal bone height
(mm) 

Density Density Height Height
(right, (left, gain gain

cylindric) composite) (cylindric) (composite)

Immediately postsurgery 194 352 22.7 23.7
3 months postsurgery 452 705 17.8 19.4
6 months postsurgery 538 950 15.1 18.8
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Table 2 Patients 2 and 3: Graft density (HU) and bone height
gain (mm) 

Density Density Height Height
(right, (left, gain gain

four-sponge) two-sponge) (four-sponge) (two-sponge)

Patient 2
Immediately postsurgery 229 315 17.4 19.0
6 months postsurgery   295 399 11.4 16.6

Patient 3
Immediately postsurgery 189 233.4 17.2 15.2
6 months postsurgery 213 185.7 12.4 13.6

Figs 2a to 2c Patient 2: Paraxial CT scans of the right sinus (four sponges) taken (left) before surgery, (center) immediately postsurgery, and
(right) 6 months postsurgery.

Figs 2d to 2f  Patient 2: Paraxial CT scans of the left sinus (two sponges) taken (left) before surgery, (center) immediately postsurgery, and
(right) 6 months postsurgery.
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without intervention. The volumetric
analysis revealed similar shrinkage on
the four- and two-sponge sides (10.1%
and 9.8%, respectively). The percent-
age of vital bone in these sinuses did
not seem to be adversely affected by
the compression process for the four-
and two-sponge sides (36% and
45.5%, respectively). Figures 3a and

Table 2 lists graft densities at two
time intervals postsurgery and the gain
in bone heights at those same intervals
for patients 2 and 3. The histomor-
phometric analysis for patients 2 and
3 is presented in Table 3. 

3b and 3c and 3d show the right and
left sinuses, respectively, immediately
after surgery and at 6 months post-
operative. The density measurement
“probes” can be seen in the graft.
The density did not increase signifi-
cantly over the 6-month time period
as a result of complete resorption of
the allograft. 
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Figs 2g and 2h Bone core from patient 2.
Maturing vital bone with well-formed tra-
beculae and predominantly woven bone
with surrounding connective tissue can be
seen (Stevenel blue and van Gieson picro
fuchsin; magnification [left] �20 and [right]
�40).

Fig 2i (left) Medium-power view of patient
2. Polarized view shows that most of the
bone is lamellar and in various stages of
mineralization (Stevenel blue and van
Gieson picro fuchsin; magnification �100).  

Fig 2j (left) High-power image shows the
newly formed bone (red), osteoid
(yellow/green), and surrounding osteoblasts
(Stevenel blue and van Gieson picro
fuchsin; magnification �200).  

Fig 2k (left) Newly formed and mineral-
ized vital bone with osteocytes visible in
lacunae. Note the presence of multiple
blood vessels (Stevenel blue and van
Gieson picro fuchsin; magnification �200). 

Fig 2l (right) Newly formed bone in vari-
ous states of mineralization. Mostly mature
bone (dark red), immature bone (light red),
and osteoid (yellow) are present. Upper
area depicts a rare finding of a remineraliz-
ing allograft particle (Stevenel blue and van
Gieson picro fuchsin; magnification �200).
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Discussion

Other studies using rhBMP-2/ACS for
sinus augmentation include one on its
safety, efficacy, and clinical feasibility by
Nevins et al in a goat model15; a pilot
study in humans by Boyne et al on
safety and efficacy16; and a random-
ized controlled clinical trial by Boyne et
al.10 While the final outcome measure

of implant survival in the Boyne con-
trolled trial was quite positive,10 the
postoperative outcome with respect to
bone formation requires additional
consideration. While all patients but
one formed new bone, 15% of cases
did not have sufficient volume or den-
sity for timely implant placement.
Further, the sinus augmentations in this
study with Infuse Bone Graft as the
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Figs 3a and 3b Patient 3: CT scans of the
right sinus (four sponges) taken (left) imme-
diately postsurgery and (right) 6 months
postsurgery. Note the loss of graft volume
and the resolution of inflammation at 6
months.

Figs 3c and 3d Patient 3: CT scans of the
left sinus (two sponges) taken (left) immedi-
ately postsurgery and (right) 6 months post-
surgery. Note the loss of graft volume and
the resolution of inflammation at 6 months.
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sole grafting material used an average
total dose of 8.9 mg (0.75 mg/mL
cohort) and 20.8 mg (1.50 mg/mL
cohort), with a total graft volume from
the ACS sponges of 11.9 mL and 13.8
mL, respectively. 

It is likely that the loss of graft vol-
ume and the early low density were
related to the shrinkage, compression,
or resorption of the collagen carrier
material prior to the formation of new
bone. This loss of volume may possi-
bly be prevented by the addition of a
supportive mineralized matrix. Further,
it may be possible to increase both
density and the rate of vital bone for-
mation by the addition of an osteo-
conductive, mineralized matrix. 

Xenografts, when used alone in
sinus grafts, have been shown to main-
tain the height achieved at the time of
graft placement and have also been
shown to be highly osteoconductive.17

Similar but less well-documented
results have been shown with mineral-
ized allografts.18 

The collagen sponge carrier can-
not simply be removed and replaced
with a mineralized bone replacement

by the compression of the xenograft
caused by the shrinkage and resorp-
tion of the sponges. 

In patients 2 and 3, the right side
used four sponges (5.6-mL volume) and
the left used two sponges (2.8-mL vol-
ume). The left side had a greater allo-
graft content than the right since the vol-
ume occupied by the sponges was less.
In patient 2, the grafts on the four-
sponge and the two-sponge sides had
a similar volume in the immediate post-
operative radiograph. At 6 months
there was noticeable shrinkage on both
sides, with that on the four-sponge side
being much more extensive than on
the two-sponge side. In patient 3,
shrinkage was minimal (approximately
10%) and similar on both sides. The
only difference between patients 2 and
3 was the compaction of the sponges
at the time of grafting in patient 3. Both
mature and im mature vital bone was
present, as was an extensive vascular
network. The almost complete absence
of residual allograft in both patients sug-
gests an accelerated remodeling
process or an rhBMP-2–mediated allo-
graft resorption.

graft since it is essential to the rhBMP-
2 release dynamics and hence, its effi-
cacy. If the rhBMP-2 is not allowed to
bind to the sponge, it will quickly be
eliminated via systemic circulation. The
collagen sponge binds 95% of the
rhBMP-2 to the site and allows it to be
released over a 10- to 14-day period.
Furthermore, this binding remains
intact, even following rough handling
of the collagen sponge upon place-
ment.19

The shrinkage of these grafts
resulting from resorption of the sponge
must be taken into account at the time
of graft placement. To insure that a suf-
ficient volume of bone is formed, the
graft must be placed higher than is ulti-
mately required for implant placement.

In patient 1 of this study, the den-
sity observed in the immediate post-
operative scan was a result only of the
presence of the xenograft and was
more consistent when the materials
were mixed as a composite graft (left
side). The increase in density at the 3-
and 6-month intervals may have been
due in part to new bone formation,
but it is more likely greatly influenced
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Table 3 Histomorphometric analysis (6 months) of Infuse
Bone Graft + allograft for patients 2 and 3 

% vital bone % residual graft % marrow

Patient 2
Right (four sponges) 46 0 54
Left (two sponges) 53 0 47

Patient 3
Right (four sponges) 36 0 64
Left (two sponges) 46 0 55
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Conclusions 

Given that these results come from
only three patients, the following was
observed:

• Graft shrinkage can sti l l  be
expected with the addition of a
xenograft or allograft.

• The composite technique resulted
in greater density and less shrink-
age than the cylinder technique.

• Shrinkage was less and density
was greater with a xenograft as
opposed to an allograft.

• Shrinkage appeared to be posi-
tively correlated with the number
of sponges present.

• Shrinkage was less when the
sponges were compressed after
rhBMP-2 binding.

• Vital bone formation was similar
with the two rhBMP-2/ACS vol-
umes studied.

Further randomized controlled
clinical trials are required to find proto-
cols that increase graft density and pro-
mote the maintenance of graft volume
while still generating acceptable quan-
tities of vital bone. The effects of the
added mineralized bone replacement
grafts and the effects of the various vol-
umes of rhBMP-2/ACS, combined with
mineralized grafts on implant survival,
are unknown at this time.     
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