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Abstract. The aim of this study was to compare the use of beta-tricalcium phosphate
(b-TCP) (chronOS) with autogenous bone grafts alone in maxillary sinus elevation
surgery. The test samples were b-TCP alone, b-TCP mixed with autogenous bone
grafts (1:1), and autogenous bone grafts alone. Twelve maxillary sinuses were
grafted with b-TCP (group 1), nine with b-TCP + autogenous bone graft (group 2),
and 12 with autogenous bone graft (group 3). After 6 months, biopsies were
obtained concurrent to the placement of dental implants; these were subjected to
histomorphometric analysis and immunohistochemical analysis for runt-related
transcription factor 2 (RUNX2) and vascular endothelial growth factor (VEGF).
The average bone formation in group 1 was 46.3 � 11.6% in the pristine bone
region, 47.6 � 9.9% in the intermediate region, and 44.8 � 22.1% in the apical
region; in group 2, values were 35.0 � 15.8%, 32.5 � 13.7%, and 32.8 � 16.0%,
respectively; in group 3, values were 43.1 � 16.0%, 31.0 � 13.0%, and
46.1 � 16.3%, respectively. Immunostaining of samples in group 2 showed high
cellular activity and immature bone; this differed from groups 1 and 3, in which
mature bone was demonstrated. Thus, this study showed that b-TCP presents the
same behaviour as autogenous bone graft, which makes it a good bone substitute.
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The use of dental implants to restore the
occlusion is one of the most frequently
performed treatments in oral surgery to-
day. However, in some cases, bone resorp-
tion prevents implant placement owing to
the lack of bone height and thickness. In
the posterior maxillary bone, sinus pneu-
matization can also restrict dental implant
placement.1,2 The surgical procedure in-
volving elevation of the Schneiderian
membrane and the placement of bone
substitutes, which have been researched
extensively, enables the bone height to be
re-established.3,4

The ideal bone graft should provide a
three-dimensional (3D) matrix to support
the necessary cells that enable bone heal-
ing and resorption.5 Among the existing
biomaterials (allogeneic bone graft, xeno-
graft, and alloplastic materials), the autog-
enous bone graft is the only one that is able
to initiate biological events culminating in
osteogenesis, serving as an osteoinductor
and osteoconductor.6–10 Furthermore, the
autogenous bone graft contains osteoblas-
tic cells, undifferentiated mesenchymal
cells, osteoclasts, and growth factors.11

For intraoral procedures, the best loca-
tion for autogenous bone graft harvesting
is the oral cavity; however, the amount of
bone graft harvested may be insufficient
for requirements.12 Biomaterials thus rep-
resent promising substitutes for the autog-
enous bone graft in maxillary bone
augmentation. However, such biomater-
ials have to be biocompatible, non-anti-
genic, degradable, promote vascular
growth, and stimulate osteogenesis.13–16

One of the bone substitutes most used in
dental surgical procedures and maxillary
bone augmentation is beta-tricalcium
phosphate (b-TCP), which has shown
good reported outcomes.17–19 It is an
osteoconductive material with intercon-
nected pores that create a capillary force
to draw cells and nutrients into the mate-
rial; moreover, b-TCP is resorbed quickly,
followed by new bone formation.20 Some
authors believe that the use of biomaterials
alone cannot provide the ideal structural
resistance in the bone, thus compromising
osseointegration in the long term.21 For
this reason, some have proposed mixing
the autogenous bone graft with osteoin-
ductive factors to achieve better bone
repair in addition to more volume.14,22

The volumetric changes achieved with
b-TCP alone, b-TCP mixed with autoge-
nous bone graft in a 1:1 ratio, and autoge-
nous bone graft alone after 6 months of
bone healing have been demonstrated pre-
viously.23 In that study, a �38.3% bone
volume change was reported for b-TCP,
�43.8% for b-TCP + autogenous bone

graft, and �45.7% for autogenous bone
graft alone. The similarity of b-TCP and
autogenous bone in relation to the main-
tenance of bone graft volume, suggested
that b-TCP could be used safely for max-
illary sinus augmentation. However, data
for bone healing from histomorphometric
and immunohistochemical assessments
are still required.

Bone healing requires a suitable envi-
ronment to promote vascular formation in
order to supply nutrients and oxygen to the
graft.24,25 Vascular endothelial growth
factor (VEGF) is one of the most impor-
tant vascular growth factors, because it
promotes the migration and proliferation
of endothelial cells.26–30 Initially, the reg-
ulation of bone healing occurs by osteo-
blastic differentiation, which is mediated
by runt-related transcription factor 2
(RUNX2).31 RUNX2 transcription is reg-
ulated by bone morphogenetic proteins
and fibroblastic growth factors in the early
stages of osteoblast differentiation. The
action of RUNX2 is mediated by pluripo-
tent mesenchymal cells until the final
stage of osteoblast differentiation, at
which time the process is inhibited.32

The aim of this study was to perform a
histological evaluation of the healing pro-
cess following the use of b-TCP
(chronOS; DePuy Synthes, Paoli, CA,
USA). The effects of b-TCP in combina-
tion or not with autogenous bone graft
(1:1) were compared with the effects of
autogenous bone graft alone at 6 months
after maxillary sinus augmentation by
quantifying the amounts of RUNX2 and
VEGF.

The hypotheses of this study were (1)
null hypothesis (H0): b-TCP does not
present more new bone formation than
autogenous bone graft alone; (2) alternate
hypothesis (H1): b-TCP added to autoge-
nous bone graft 1:1 presents more new
bone formation than b-TCP alone.

Materials and methods

This prospective clinical study was per-
formed at the Araçatuba Dental School –
UNESP in São Paulo, Brazil, from March
2012 to November 2013, and was ap-
proved by the necessary ethics committee.
Patients were included in the study if they
presented edentulous posterior maxillary
bone regions and a bone height of less than
5 mm, which necessitated bone augmen-
tation for dental implant placement.
Patients were excluded if they presented
uncontrolled systemic problems or local
problems, such as uncontrolled periodon-
titis or a sinus pathology. Smokers
and patients who had received radiation

treatment in the head and neck region were
also excluded. Maxillary and mandibular
cone beam computed tomography
(CBCT) was performed prior to recruit-
ment in order to evaluate the maxillary
sinus and the bone height remaining in the
maxillary floor, as well as the retroman-
dibular and mandibular symphysis
regions, to determine the volume of the
mandible from where the bone grafts
would be harvested. Based on these pa-
rameters, 22 patients requiring the aug-
mentation of 36 maxillary sinuses were
recruited.

Three groups were created for this
study: group 1 comprised 12 maxillary
sinuses augmented with b-TCP; group 2
comprised 12 maxillary sinuses augment-
ed with b-TCP and autogenous bone graft
(1:1); group 3 comprised 12 maxillary
sinuses augmented with autogenous bone
graft alone. There was no association be-
tween the side of the maxillary sinus and
the graft material used. Randomization
was performed by drawing lots to decide
which sites would be grafted with each
material. This was done by a clinical
assistant, who was not involved in the
surgeries or in the data evaluation. Two
patients did not return for follow-up; thus
the final analysis included only nine
sinuses for group 2 and 11 for group 1.

Surgical procedures

All surgical procedures were performed
under local anaesthesia using 2% lido-
caine with 1:100,000 epinephrine (Nova
DFL, Taquara, RJ, Brazil).

Harvesting bone grafts from mandibular
bone

The autogenous bone graft was removed
from the mandibular symphysis as fol-
lows: An incision was made in the inferior
labial mucosa extending from the canine
tooth to the mental muscle. The blade was
then tilted towards the bone to incise the
muscle and periosteum. The flap was ele-
vated with a Molt No. 9 elevator (Golgran,
São Caetano do Sul, SP, Brazil), and the
mandibular symphysis bone was exposed
and osteotomized with a 701 drill (KG
Sorensen, Cotia, SP, Brazil) under con-
stant irrigation with 0.9% saline solution
(Darrow, Rio de Janeiro, RJ, Brazil). The
retromolar bone graft site was approached
through an intraoral incision, similar to a
mandibular sagittal osteotomy, and osteo-
tomized with a 701 drill; the graft was
harvested with a chisel. The excised bone
block was pulverized with a bone crusher
(Neodent, Curitiba, PR, Brazil).
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