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Sinus Graft With Safescraper:
5-Year Results
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Purpose: In the procedure of sinus floor elevation, autogenous bone, allogenic grafts, and several other
bone substitutes are used. However, autogenous bone is still considered the gold standard. Donor sites
for autogenous bone are generally the iliac crest, oral cavity, calvarium bone, and tibia. In this work the
experience with the use of a Safescraper device for harvesting of autogenous bone is reported and a
decision-making algorithm for grafting in sinus floor elevation procedures is proposed.

Materials and Methods: Forty sinus augmentation procedures were performed in 34 patients. All
sinuses were filled with a mixture of autogenous bone and bovine hydroxyapatite. A Safescraper device
was used to harvest autologous bone from the maxillary area. Platelet-rich plasma was used to sustain
bone placement. Sixty-five dental implants were placed at 4 months with a flapless procedure. A clinical
and radiological 5-year retrospective case series of a cohort is reported.

Results: In all cases new bone formation was confirmed radiologically and implant placement was
performed successfully. Analysis of samples obtained by biopsy with histology and microcomputed
tomography showed the presence of mature bone. Healing problems were observed in only 1 case.

Conclusions: Sinus augmentation with bone grafts obtained from oral cavity with a bone scraper device has
the advantage of providing autogenous bone without the need for an extra surgical approach. This procedure
yields satisfactory results in bone formation, implant survival, and patient satisfaction. When combined with
a flapless approach for implant placement, a decrease in the morbidity of the entire process is achieved.
© 2011 American Association of Oral and Maxillofacial Surgeons
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inus floor elevation, formerly known as sinus lift pro-
edure, is an internal augmentation of the maxillary
inus, which is intended to allow implant placement in
hose patients with insufficient bone volume condition.
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482
his surgical procedure was proposed by Tatum1 and
escribed by Boyne and James.2

The classic sinus lift operation consists of the prep-
ration of a top hinge door in the lateral maxillary
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CAUBET ET AL 483
inus wall. This door is luxated inward and upward
ogether with the Schneiderian membrane to a hori-
ontal position forming the new sinus bottom. The
pace underneath this lifted door and sinus mucosa is
lled with graft material.3 Autogenous bone, bone
ubstitutes, or a mixture of both are used for this
urpose. The graft material ideally should be osteo-
enic, osteoinductive, and osteoconductive to pro-
ide the best results in new bone formation. How-
ver, these properties may vary among different types
f graft. The autologous bone has been classically
egarded as the “gold standard” for grafting because
ts biological activity combines the 3 properties. Al-
hough other bone substitutes containing culture-ex-
anded osteogenic cells or osteoinductive growth fac-
ors are available, they are expensive and not available
n most offices, so the use of autogenous grafts is still
common practice. Donor sites for autogenous bone

re generally the iliac crest, oral cavity, calvaria, and
ibia, but the risks associated with the harvesting
rocedure must be taken into account by the clini-
ian.4,5 Therefore, advances in implantology should
e conducted to develop new surgical approaches
nd biomaterials that yield satisfactory bone regener-
tion with a decrease in morbidity rates derived from
urgery.

To overcome some complications associated with
he acquisition of a graft, this work focused on the use
f a bone scraper device (Curved Safescraper; Meta,
eggio Emilia, Italy) for harvesting autogenous bone

rom the maxillary area through the incision per-
ormed for the sinus approach. It is the aim of this
eport to describe the results obtained by the present
nvestigators with this technique combined with a
apless procedure for implant placement in a retro-
pective case series of a cohort of patients who un-
erwent these procedures in 2004. Based on this
xperience, a decision-making protocol for grafting in
inus floor elevation is proposed.

aterials and Methods

We present a 5-year retrospective case series of a
ohort of 34 patients (15 male, 19 female) with inad-
quate bone volume condition for implant placing
ho underwent 40 sinus augmentations from 2003 to

004. The mean age of the patients studied was 53
ears (range, 35 to 74 years). This retrospective study
as reviewed and approved by the local institutional

eview board.
All patients underwent careful detailed history tak-

ng and clinical and radiographic evaluations before
inus augmentation. Radiologic evaluation included
rthopantomography and maxillary computed tomog-
aphy. All Panorex imaging was done with the same

rthopantomograph (Siemens Orthophos; Sirona I
ental Systems, Bensheim, Germany) and corrected
or a constant magnification of 25%.

Antibiotics were administered to patients 24 hours
efore surgery (amoxicillin 875 mg, clavulanate po-
assium 125 mg) every 8 hours for 7 days. Smoking
atients were advised to cease smoking.

FIRST SURGICAL STAGE: SINUS FLOOR ELEVATION
AND BONE GRAFT HARVESTING

A local anesthesia solution of articaine with 0.5%
g epinephrine was injected into the buccal and
alatal maxillary area. The incision was made on the
op of the alveolar ridge, or slightly on the palatal side,
hrough the keratinized, attached mucosa. In this
ay, wound closure can be solid and with sufficient
verlap to deal with possible dehiscence.
The preparation usually started with the bone

craper. Bone from the lateral wall of the sinus was
ollected as part of the antrostomy. The preparation
as finished with a large round diamond bur that

annot easily damage the membrane or perforate the
ony wall. The Schneiderian membrane was lifted
sing special sinus floor elevation instruments (de-
igned by Tatum) that worked in different directions
ith different angles and blades.
Bone from the malar and maxillary malar buttress
as harvested with the bone scraper by pushing the

nd of the device toward the bone surface and simul-
aneously pulling the device backward (Fig 1). Collec-
ion of 2 to 3 mL of bone was feasible with a mean
urgical time of 10 minutes for harvesting (Fig 2A).
he collected bone was preserved in a sterile envi-
onment until grafting. The graft was mixed 1:1 with
io-Oss (Geistlich Pharma AG, Wolhusen, Switzer-

and) and platelet-rich plasma was added to the com-
osite graft (Fig 2B, C). The platelet concentrate was
roduced using a variation of a double centrifuge
echnique described by Sonnleitner et al.6 A solution
f 10% calcium chloride was used 1:10 for platelet
ctivation. The platelet gel containing the graft mate-
ial was then placed in the sinus cavity and covered
ith a fibrin membrane derived from the fraction
oor in platelets obtained during platelet-rich plasma
rocurement. Platelet-poor plasma had previously
een activated by addition of the calcium solution.
Use of dentures was not permitted until these den-

ures had been adjusted and refitted at least 2 weeks
fter surgery.

SECOND SURGICAL STAGE: FLAPLESS DENTAL
IMPLANT PLACEMENT

After a healing period of 4 months, clinical and
adiographic evaluations were performed. Panoramic
adiographs were used to assess new bone formation
Fig 3). At this time 65 Osseotite 3i dental implants (3i

mplant Innovations, Palm Beach Gardens, FL) were
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484 SINUS FLOOR ELEVATION WITH BONE GRAFT
laced in a flapless procedure under local anesthesia
Fig 4). In 10 patients, biopsies of the grafted area
ere obtained through this surgical approach before

mplant insertion for histologic (Fig 5) and microcom-
uted tomographic (Fig 6, Table 1) analyses. Micro-
omputed tomography allows 3-dimensional imaging
f calcified tissues and biomaterials and can be done
efore histologic analysis. Briefly, 1 biopsy specimen

nside a trephine bur was fixed with 10% formalin and
hen dehydrated for at least 3 days in 70%, 80%, 96%,
nd then 100% ethanol under constant shaking, fol-
owed by embedding in Technovit 7200 (Heraeus
ulzer, Hanau, Germany) in 30%, 50%, 70%, and then
00% ethanol in the dark. The sample was light-cured
or 10 hours under ventilation. The embedded sample
as scanned with a tabletop microcomputed tomo-

raphic scanner (SkyScan 1172; SkyScan, Kontich,
elgium) with a pixel size of 6.84 �m, source voltage
f 75 kV, and source current of 131 �A. An Al filter of
.5 mm thickness was used. The sample was rotated
60° in steps of 0.4° and 3 images were averaged per
rame. A control sample was scanned without being
mbedded, which required adjusting the scan voltage
68 kV) and current (139 �A). The scans were recon-
tructed using NRecon 1.6.1.5 (SkyScan) with a
moothing of 1, beam hardening of 40, ring artifact
ecrease of 12, and output gray scale of 0.0 to 0.3 (0.0
o 0.12 for the control sample). Post-alignment was
ptimized automatically. Data analysis was done with
TAn 1/10/01 (SkyScan) for 1 sample in which sinus

ift and bone grafting were performed and 1 control.
he sinus lift sample was divided into native bone and
rafted bone (Fig 6). The control consisted of native

IGURE 1. Anatomic image of the maxillary malar region with the
onor site for autogenous bone harvesting (circled area).

aubet et al. Sinus Floor Elevation with Bone Graft. J Oral
axillofac Surg 2011.
one only. A cylindric volume of 1.577 mm3 was
C
M

nalyzed for each section and the control. Thresholds
o divide mineralized bone from nonmineralized tis-
ue were 25 to 255 for the biopsy of the sinus aug-
entation and 64 to 255 for the control. Three-dimen-

ional models were calculated with CTVol 2.1
SkyScan) with the same thresholds described earlier.
hree-dimensional morphometric analysis and 3-di-
ensional models were performed to determine the

IGURE 2. Composite graft material. A, Autogenous bone har-
ested with the Safescraper. B, Autogenous bone and Bio-Oss. C,
ppearance of the graft after addition and activation of platelet-

ich plasma.
aubet et al. Sinus Floor Elevation with Bone Graft. J Oral
axillofac Surg 2011.
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CAUBET ET AL 485
rchitecture of newly formed bone in the grafted area
ompared with the native bone in the same biopsy.

THIRD SURGICAL STAGE: SECOND SURGERY
OF IMPLANTS

Five months after implant placement, all implants
ere exposed and definitive abutments were con-
ected.
Data were collected at the time of bone augmenta-

ion, at 4 months after the sinus graft procedure, on
he day of delivery of the permanent prosthesis, and
t yearly reviews (5-year follow-up).

RADIOGRAPHIC EXAMINATION

Radiologic evaluation included preoperative ortho-
antomography and maxillary computed tomogra-
hy. All Panorex images were obtained with the same
rthopantomograph (Siemens Ortophos) and cor-
ected for a constant magnification of 25%.

Radiographic records consisted of orthopantomo-
rams taken before bone graft surgery, at 4 months (at
he moment of implant placement), after insertion of
he permanent prosthesis, and then at yearly reviews

IGURE 3. A, Panoramic radiograph of a patient before maxilla
onths after maxillary sinus floor elevation. A 13-mm bone height

mplants placed. D, Panoramic radiograph at 5-year follow-up.

aubet et al. Sinus Floor Elevation with Bone Graft. J Oral Maxi
5-year follow-up). w
esults

Forty sinus floor elevations performed in 34 pa-
ients with posterior maxillary atrophy with less than

mm between the sinus floor and the alveolar ridge
ere included in the 5-year retrospective study.
wenty-eight patients (82%) underwent unilateral si-
us augmentation, and 6 patients (18%) bilateral aug-
entation. The surgical approach included 2 stages in

ll cases. The first surgical stage consisted of sinus
oor elevation, bone graft harvesting, and sinus aug-
entation. The second surgical stage was performed

fter a healing time of 4 months.
Surgery was carried out without major com-

lications in all cases. The sinus membrane was
otally preserved in 31 patients (77%), slightly bro-
en in 8 patients (20%), and totally torn in 1 case
2.5%). When the sinus membrane was slightly bro-
en, an autogenous fibrin membrane was applied as
sealant and bone grafting was performed as de-

cribed earlier. When the membrane perforation
as total, sinus floor elevation was abandoned. In

his case, re-entry was performed successfully at 8

s augmentation. B, Panoramic radiograph of the same patient 4
n in the augmented sinus. C, Panoramic radiograph with dental

Surg 2011.
ry sinu
is show
eeks.
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486 SINUS FLOOR ELEVATION WITH BONE GRAFT
No pain or infectious complications at the donor
ite was observed. During the healing time 1 patient
howed dehiscence and graft loss that needed to be
reated with resuture and oral antibiotic treatment.

Panoramic radiographic measurements showed a
otal bone height (alveolar bone plus grafted bone) of
3 to 15 mm in all augmented sinuses at 4 months.
one levels were maintained during the 5-year study.
Histologic analysis of 10 core biopsies taken at 4
onths showed formation of mature bone with no

igns of active inflammation or resorption. Microcom-
uted tomographic analysis (Table 1) indicated a
maller bone volume for the newly formed bone in
he grafted area compared with the native bone in
inus augmentation and control. A separation of bone
raft from newly formed bone was not possible due to

IGURE 4. A, Appearance of implants placed in an augmented
inus after a flapless procedure. B, Final restoration in the same
atient.
aubet et al. Sinus Floor Elevation with Bone Graft. J Oral
axillofac Surg 2011.
IGURE 5. Histologic appearance of biopsies obtained from
rafted area 4 months after sinus augmentation (hematoxylin and
osin stain). A, Image of core sample at low magnification (original
agnification, �5). The superficial area is at the left side of the

mage. B, Incompletely resorbed bone graft was well integrated in
he biopsy sample (1) and was in complete continuity with new
one tissue formation (2). In the medullary area, increased density
f vascular connective tissue was observed with minimal inflamma-

ory infiltrate (3) (original magnification, �10). C, Higher magni-
cation (�20) of the inset shown in B.
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CAUBET ET AL 487
heir similar densities. However, the 3-dimensional
odel (Fig 6) did show good interlocking between

ew bone and bone graft, with no visible borders.
he architecture of the grafted bone was more open,
s indicated by a lower closed porosity and the larger
eparation of the trabeculae. In addition, the trabec-
lar number was larger, although the thickness was
omparable for all volumes analyzed.
Survival rate for implants placed in the augmented

inus was 96.9% after the 5-year follow-up (63 im-

IGURE 6. Three-dimensional models of A, sinus lift sample and B,
ontrol. The models represent a cylinder cut from the center of the
amples with a diameter of 2.35 mm. The approximate division in
ections represents native bone (red) and newly formed bone of the
rafted area (blue).

aubet et al. Sinus Floor Elevation with Bone Graft. J Oral
axillofac Surg 2011.

Table 1. THREE-DIMENSIONAL MORPHOMETRIC PARAM
NATIVE BONE

Parameter Unit
New Bone (Grafted
Sinus-Augmented

one volume % 13.24
one-specific surface mm�1 41.3
losed porosity % 0.013
rabecular thickness mm 0.114
rabecular separation mm 0.168
rabecular number mm�1 0.9
aubet et al. Sinus Floor Elevation with Bone Graft. J Oral Maxillofac
lants integrated and 2 implants failed). One non-
sseointegrated implant failed at the moment of
xposition in the course of the second surgical pro-
edure and the other failed after 9 months of func-
ional loading.

iscussion

The oral cavity is an excellent source of autogenous
one for several bone regeneration techniques. The
se of a bone scraper has proved to be of special

nterest to obtain amounts of bone that are required in
ost sinus augmentation procedures. The literature

escribes the use of scrapers for harvesting autoge-
ous bone from the oral cavity and several other
xtraoral sources.7-11 Zaffe and D’Avenia10 published
ata regarding bone quality of cortical bone chips
arvested with a Safescraper. They described chips of
.9 to 1.7 mm in length (roughly 100 mm thick).
hips had an oblong or quadrangular shape and con-

ained live osteocytes (mean viability, 45% to 72%).
one chip grafting produced newly formed bone tis-
ue suitable for implant insertion. Trabecular bone
olume measured on biopsies decreased with time
from 45% to 55% to 23%). Grafted chips made up
0% or less of the calcified tissue in biopsies. Biopsies
resented remodeling activities, new bone formation
y apposition, and live osteocytes (�35%).10,11

In this work, the harvesting procedure is of special
nterest because autogenous bone is obtained from
he maxillary malar area through the same incision
erformed for the sinus approach. This procedure

ntroduces some advantages by decreasing surgical
ime and morbidity caused to the patient. According
o the results reported by Peleg et al12 using this
echnique, the present patients showed satisfactory
one regeneration rates with minimum discomfort in
he donor site area.

Considering that the average dimensions of the
dult maxillary sinus are 25 to 35 mm (width), 36 to
5 mm (height), and 38 to 45 mm (length),3 it may be
oncluded that most sinus augmentations can be suc-
essfully performed with 2 to 3 mL of autogenous

S OF NEWLY FORMED BONE IN GRAFTED AREA AND

in
)

Native Bone
(Sinus-Augmented Sample)

Native Bone
(Control)

32.73 33.32
37.4 37.6

0.034 0.047
0.105 0.110
0.153 0.154
2.41 2.34
ETER

Area
Sample
Surg 2011.
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488 SINUS FLOOR ELEVATION WITH BONE GRAFT
one in a composite graft. This amount of bone can
e easily harvested from each side with the Safe-
craper device.

Careful evaluation of a patient before performing
inus augmentation, including clinical and radiologic
xaminations, is of great importance to prevent fur-
her complications.13,14 Moreover, the previous state
f pneumatization of the sinus is of great importance
o predict the amount of bone that may be requested
nd to decide which type of graft is to be used. At this
oint, we propose a decision-making algorithm that
ay help the clinician to select those cases where the

se of the bone scraper would be specially indicated.
s seen in Figure 7, the state of pneumatization of the
inus is a key consideration in the selection of a
arvesting procedure. Those sinuses presenting nor-
al pneumatization in radiologic examination can be

ugmented with a mixture of bovine hydroxyapatite
nd autogenous bone obtained from the oral cavity
sing a bone scraper. If pneumatization of the sinus is
igh, the requirements of bone graft volume increase
nd other donor sites for autogenous bone such as the
liac crest, tibia, or calvaria might be considered.15-17

Some minimally invasive techniques to harvest ex-
raoral sources of autogenous bone grafts have been
eported. Sándor et al18 reported satisfactory results
sing a trephine to procure bone from the anterior

liac crest. The amount of bone obtained was related
o the number of cores taken. Using the cores alone,
he mean volume obtained per site ranged from 3 to
1 mL of compacted bone. In this study, the trephine
echnique of bone harvesting was associated with
inimal morbidity. The postoperative complication

ate was 3.6% and did not involve any long-term

IGURE 7. Decision-making guidelines for sinus augmentation
rocedures and selection of a donor site for autologous bone. PRP,
latelet-rich plasma.

aubet et al. Sinus Floor Elevation with Bone Graft. J Oral
axillofac Surg 2011.
omplications. t
Some investigators have reported satisfactory re-
ults in the sinus augmented with different bone sub-
titutes when used alone or in combination with au-
ogenous bone.19-22 A mixture of autogenous bone
nd other materials increase bone regeneration by
ombining the advantages derived from each mate-
ial. Autogenous bone may accelerate the healing pro-
ess because it is a source of osteogenic cells and
ther growth factors.23 Bovine hydroxyapatite consti-
utes an excellent osteoconductive material and,
ecause of nonresorptive properties, it behaves as
n excellent scaffold for new bone formation over
ime.15,24

When sinuses are augmented with biomaterial
lone, a period of 9 to 12 months before implant
lacement is recommended.25 The addition of autog-
nous bone to hydroxyapatite, as described in this
eport, seems to account for a decrease in healing
ime to 4 to 6 months, with satisfactory long-term
esults in implants placed beyond this period.26-28 In
his work all implants were successfully placed 4
onths after the sinus augmentation with a flapless

pproach and bone levels were maintained during the
-year follow-up as assessed by radiographic examina-
ion. With this flapless approach, surgical trauma is
inimal, accounting for a decrease of morbidity in the

ntire implant placement procedure.29 According to a
eview by Brodala,30 there are statistically significant
ecreases in immediate postoperative discomfort, du-
ation of discomfort, facial edema, and use of analge-
ics using flapless surgery. Flapless surgery may have
enefits in decreasing patient discomfort in the im-
ediate postoperative period. Information based on
rospective cohort studies has shown high survival
survival rate, 98.6%; 95% confidence interval, 97.6 to
9.6) for implants placed using a flapless technique.
etrospective studies and case series have demon-
trated a 95.9% survival rate (95% confidence interval,
4.8 to 97.0).30-32

Complications with flapless surgery may be intra-
perative or delayed. The most frequent complication

s perforation of the buccal or lingual bone plate. It
ccurs in 3.8% of surgical procedures. Owing to the
axillary resorption pattern, perforation of the bone
late is more common in the anterior maxilla than in
he region of premolars and molars. This may explain
he absence of bone plate perforations in the present
atients.
In all patients bone formation was achieved suc-

essfully after 4 months and enabled implant place-
ent. Histologic analysis of 10 core samples obtained

t this time showed the presence of mature bone and
hese findings were consistent with images observed
n radiologic examinations of the regenerated area
nd the findings from histologic and microcomputed

omographic analyses. Furthermore, survival rates for
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CAUBET ET AL 489
he implants placed in the augmented sinuses were
imilar to those reported in the literature using other
rafting techniques.21,33,34

Platelet-rich plasma was mixed with the graft ma-
erial in all patients in this study. Although a direct
ffect of the platelet-rich plasma in promoting sub-
tantial enhancement of bone regeneration has not
een proved,35-37 there are some advantages derived
rom its use that may be taken into account. The
latelet gel improves the handling properties of the
raft material by facilitating graft placement and sta-
ility and delivers a highly concentrated dose of
rowth factors that increase and accelerate soft tissue
ealing.38,39 In contrast, platelet-rich plasma plays an

mportant role in those cases where the sinus mem-
rane is damaged during the sinus elevation proce-
ure. This complication occurred in 8 patients and
as successfully treated by covering the defect with

he platelet gel, thus further permitting normal place-
ent of the graft material with the same surgical

pproach.
Final restoration was completed successfully in all

atients, achieving good esthetics and clinical func-
ioning. After a 5-year follow-up, no complications
ave occurred and bone levels have been maintained,
s can be seen in the radiologic examinations at this
ime.

The results of this work indicate that this grafting
rocedure appears to be a clinically reliable proce-
ure with rare complications. Furthermore, the surgi-
al morbidity when using a bone scraper device for
one harvesting and a flapless approach for implant
lacement is very low, so the entire process can be
onsidered a minimally invasive technique. Avoiding
he need for extra surgical approaches seems to be of
reat importance in overcoming the risk of infection
nd discomfort for patients.
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