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Ultrasonic bone surgery was recently introduced as an osteotomic technique; however, documentation is scarce. This article reports on the application of ultrasonic bone surgery for 53
bone-augmentation procedures in the posterior maxilla in 34 patients over 5 years. The initial residual bone height under the sinus varied between 1 and 9 mm (mean: 3.7 mm).
Distribution according to residual bone height classes was 7.7% for Class B, 39.3% for Class
C, and 53.0% for Class D. The procedures included bony window opening of the sinus, cortical and cancellous bone harvesting, and activation of the sinus wall. During the sinus
approach, 2 of 53 membranes (3.8%) were perforated and covered with a membrane made
of platelet-poor plasma. Bone grafting was carried out with autologous bone at 22 implant
sites (18.8%), with a mixture of autologous bone and anorganic bovine bone mineral (BioOss) at 29 sites (24.8%), and with Bio-Oss alone at 66 sites (56.4%). The perforated membranes healed uneventfully. At second-stage surgery, four implants failed. The survival rate
of the 117 placed implants was 96.6%. No implant failed after loading. Performing the sinus
grafting procedure with ultrasonic bone surgery limited the occurrence of membrane perforation; by changing the tips, all surgical steps were performed safely and comfortably. (Int J
Periodontics Restorative Dent 2008;28:221–229.)
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Osseointegration of dental implants is
highly predictable when implants are
completely embedded in bone.1 In
the posterior maxilla, the presence of
the maxillary sinuses often limits the
available bone height for implant
placement. When bone height
beneath the maxillary sinus is insufficient, various augmentation procedures are recommended based on the
amount of residual bone height (RBH).
In 1996, a consensus conference
on sinus lifting issued recommendations for selecting a surgical approach
based on the RBH.2 When the RBH is
≥ 10 mm (Class A), a classical implant
procedure should be performed.
When the RBH is 7 to 9 mm (Class B),
an osteotome technique should be
applied in combination with immediate implant placement. When the RBH
is 4 to 6 mm (Class C), a lateral
approach involving a grafting material
with immediate or delayed implant
placement is recommended. Finally,
when the RBH is 1 to 3 mm (Class D),
a lateral approach involving bone
grafting material and delayed implant
placement should be used.
For classes C and D, the grafting
material introduced into the sinus can
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be autologous bone, either gained
intraorally3,4 or harvested extraorally.5,6
The materials can be of human, animal,7,8 or synthetic origin9,10 or a mixture of any two.11–13 Before loading,
the created space is usually left to heal
for at least 6 to 9 months to allow for
bone formation.2
Sinus elevation procedures may
involve various types of bone surgery,
such as opening a bony window
through the sinus wall, detachment of
the sinus membrane from the sinus wall,
and bone harvesting at the chin, maxillary tuberosity, retromolar area, or
ramus. Until recently, these hard tissue
surgeries were performed with rotary
instruments. However, rotary instruments can easily perforate the sinus
membrane,3,14–16 leading to complications.17–19 Accessing bone harvesting
sites with a bur or an oscillating saw is a
delicate procedure that requires great
technical skill. Further, this approach is
slow because it must be performed cautiously. Also, soft tissue or vessel bundles can be encroached and torn away.
Ultrasonic bone surgery (USBS)
represents an alternative technique to
perform precise bone surgery. The
principle of USBS is to induce energetic microvibrations to a metallic knife
of a given design. The vibration frequency ranges from 20 to 32 KHz, well
above the audible spectrum. The vibrations are generated by a piezoelectric
transducer. The idea of applying ultrasonic movement to tools used in bone
surgery has been around for approximately 30 years.20–23 However, the
recent introduction of commercially
available devices24,25 devoted to bone
surgery boosted interest in this concept
and its potential applications.26–33

When ultrasonic knives are used to
cut hard tissue, soft tissues such as gingiva, membranes, vessels, and nerves
are preserved from injury because they
vibrate with the tip. This makes USBS
especially appropriate for the surgical
steps of a sinus lifting procedure.
To establish this recent method as
suitable and relevant to the professional community, evidence-based
clinical studies are needed. To date,
clinical studies involving sinus procedures with USBS have been scarce and
are limited by small sample sizes and
short follow-up periods.23,34 Therefore,
the purpose of this paper is to retrospectively document the use of USBS
to perform sinus lift procedures over a
5-year period, with a consistent number of treated sites.

Method and materials

Ultrasonic bone surgery devices
The Piezosurgery device (Mectron) and
the UBS device (Resista) were used.
The Piezosurgery device operates
between 24 and 29 KHz, and the
power ranges from 5 to 16 W.35 The
round, stainless steel, diamond-coated
tip was used (diameter: 2.2 mm).
The UBS device operates from 20
to 32 KHz, and the maximum ultrasonic power is 90 W.36 The tips are
made of titanium alloy. To open the
bony window, a round 2.8-mm-diameter tip was used. To harvest bone
from the chin, the ramus, or the horizontal branch of the mandible, angled
or straight saw-shaped tips were used.
Cortical activation of the lower part of
the sinus wall was performed with a

pyramidal tip to horizontally augment
the maxillary edge with a mixture of
anorganic bovine bone mineral (BioOss, Geistlich) and platelet-rich plasma
membrane.

Inclusion criteria
Patients were treated if the following
criteria were satisfied: (1) implant therapy was the elective treatment to
restore partial or total edentulism, (2)
at least one implant site had a RBH of
less than 6 mm when measured on an
orthopantomogram, (3) the ridge
width at the grafted sites could accommodate 3.75- to 5-mm implants as
measured on a radiograph, and (4) the
patient was in good general health
and able to undergo bone surgery.
Patients undergoing anticoagulant
therapy were included if the treatment
was interrupted 10 days before
surgery.

Exclusion criteria
The exclusion criteria were as follows:
(1) patients with noncompensated
diabetes, (2) patients treated with
radiotherapy, (3) patients with autoimmune disease and immune deficiency,
and (4) patients with deprived platelet
content.

Surgical procedure
A midcrestal gingival incision was
made, and a full-thickness mucoperiosteal flap was raised. Mesial and distal soft tissue discharges were pre-
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Figs 1a and 1b Bony window opening. (a,
left) Round tip in motion with water cooling
and cavitation. (b, right) Thick sinus wall
opened with the round vibrating tip. The
use of USBS proved to be time consuming.

Figs 2a and 2b Bone harvesting. (a, left)
Harvesting from the chin after osteotomy
preparation using a vibrating saw. Note the
squared angle of the osteotomy. (b, right)
Harvesting from the ramus using a straight
saw.

Fig 3a (left) Sinus wall activation using the
pyramidal tip.
Fig 3b (right) Sinus wall after activation.
Note the drilled cavities and subsequent
bleeding.

pared to provide access to the sinus
wall. The bony window was opened
using a spherical tip by applying oval
continuous gentle forward-backward
movement to the vibrating round tip.
First, the general shape of the window
was defined. The furrow was then
deepened until reaching the membrane (Fig 1a). The thickness of the
sinus wall ranged from 0.5 to 6 mm (Fig
1b). The membrane was detached
manually along the window height.
The bony window was then elevated
inside the sinus to roof the filled area.

If necessary, autologous bone was
harvested with the ultrasonic saw from
the chin (Fig 2a), tuberosity, or ramus
(Fig 2b). In some cases, horizontal augmentation was also needed to place
larger implants. The lower part of the
sinus wall was then perforated with the
pyramidal tip to enlarge bleeding (Figs
3a and 3b). Bio-Oss particles with a
platelet-poor plasma membrane were
positioned against the wall to enlarge
the alveolar ridge.

Bone grafting material and
platelet-rich plasma
At the beginning of this study, only
autologous bone was used as a filling
material. In a second phase, the grafting material consisted of a mix of autologous bone and Bio-Oss. In a later
stage, Bio-Oss alone was used to fill
the sinus.37,38
All grafting materials were mixed
with a platelet-rich plasma membrane
(Fig 4a).39,40 A thick gel was obtained
and densely packed in the sinus (Figs
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Figs 4a to 4d Bone grafting with the
platelet-rich plasma membrane and BioOss. (a) Preparation of the platelet-rich plasma membrane mixed with the Bio-Oss particles. (b) Introduction of the jellified membrane filled with Bio-Oss into the sinus. (c)
The grafting material was densely packed
into the sinus. (d) The bony window was
covered with a platelet-poor plasma membrane.

a

b

d

c

4b and 4c). The opened bony window
was closed with a platelet-poor plasma
membrane mixed with Bio-Oss (Fig
4d). This membrane was obtained
from the same blood sample and activated in the same way as the plateletrich plasma. All patients received preventive antibiotic therapy.

Residual bone height
measurements
At each implant site, the RBH was measured to the nearest 0.5 mm on
orthopantomograms without magnification before sinus lifting and 6 months
later before implant placement. All
radiographs were taken with the same
equipment (Scanora, Soredex) at a
fixed deformation coefficient of ⫻1.3.

Demographics
Between January 2001 and May 2004,
53 sinus lift procedures were performed in 34 patients. The aim was to
place 117 implants to support 46 fixed
partial dentures and 8 single crowns.
Twelve (22.6%) sinus lift procedures
were prepared with the Piezosurgery
device, while the other 41 (77.4%) procedures were prepared with the UBS
device when it became available.
Patient age ranged from 30 to 81 years
(mean age: 55.0 ± 8.5 years). Eighteen
(52.9%) of the patients were women
and 16 (47.1%) were men.
The initial RBH varied from 1 to 9
mm (mean: 3.7 mm). In terms of RBH
classes, 7.7% of the sites were Class B,
39.3% were Class C, and 53.0% were
Class D. Class B sites were treated in

the same way as the adjacent Class C
or Class D sites, ie, with delayed
implant placement.
Bone grafting was carried out with
autologous bone alone at 22 (18.8%)
implant sites, with a mixture of autologous bone and Bio-Oss at 29 (24.8%)
sites, and with Bio-Oss alone at 66
sites (56.4%).

Follow-up and survival criteria
The survival criteria for the sinus lift
procedures with USBS were as follows:
(1) procedure performed without
membrane perforation; (2) effective
implant placement and achievement
of primary stability in the augmented
bone; (3) implant stability at secondstage surgery and at each control, ie,
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Fig 5 Preparation of the platelet-poor
plasma membrane to close a perforated
membrane or cover the bony window opening.

at 3, 6, and 12 months after loading
and annually thereafter; (4) absence of
pain or any subjective sensation at second-stage surgery and at each control; (5) absence of recurrent periimplant infection; and (6) absence of
continuous radiolucency around the
implant.

Results
During the sinus approach, two
Schneiderian membranes (3.8%) were
perforated. Both occurred with the
Piezosurgery device at the beginning
of the learning curve. The first occurred
because too much pressure was
exerted as a result of sensation of limited cutting efficiency, while the second
resulted from the presence of a bony
septum.
After perforation, the rest of the
membrane was separated manually,
and the perforated membrane was
covered with a platelet-poor plasma
membrane (Fig 5) before elevation into
the sinus. The platelet-poor plasma
membrane adhered well to the perforated membrane and isolated the
grafting material from the sinus cavity.
No complications were recorded following membrane perforation. An
orthopantomogram taken 2 weeks

after surgery showed no pathologic
sign of sinus densification.
After bone grafting, the augmented bone height beneath the sinus
ranged from 12 to 24 mm (mean: 16.4
mm). Of the bone sites, 50.4% showed
a final bone height of 10 to 15 mm,
26.6% showed a final bone height of
16 to 20 mm, and 23.1% showed a
final bone height of > 20 mm.
Implants were placed 6 to 8
months (mean: 7.3 months) after the
elevation procedure and then left submerged to heal for 4 to 6 months. Two
types of implants were placed: 13
(11.1%) Osseotite implants (3i) with an
external hex and 104 (88.9%) Leader
implants (Leader Italia) with an internal
hex. Fifty-eight (49.6%) implants had a
diameter of 3.75 mm, and 59 (50.4%)
implants had a diameter of 4.5 mm.
The implant length was either 10 mm
(11 implants, 9.4%), 11.5 mm (20,
17.1%), or 13 mm (86, 73.5%).
At second-stage surgery, four
implants failed to osseointegrate in
three patients. The initial RBH was 2 (at
two sites), 3, or 4 mm. The final bone
height before placement was 13 (at
two sites), 14, or 15 mm. The failed
implants were 4.5 mm in diameter and
11.5 mm (at one site) and 13 mm (at
three sites) long. The survival rate for
the implants placed was 96.6%.

All other implants passed the second-stage surgery and remained
loaded for at least 1 year. The 5-year
life-table analysis of loaded implants
(Table 1) showed that 113 and 94
implants were loaded for at least 1
and 2 years, respectively. No implant
failed after loading; therefore, the
cumulative survival rate of loaded
implants was 100%.

Discussion
The most frequent complication during
sinus elevation is membrane perforation. The literature shows a frequency
of membrane perforation ranging from
16.7% to 44%, with an average of
28.6% (Table 2).3,14–18,41,42 Possible
consequences are postoperative sinus
inflammation 14,16,18 and a higher
implant failure rate (up to 30%).19 In all
cases, membrane repair makes the
surgery more complex and lengthy.
In the present study, membrane
perforation was a rare event, occurring in only 2 of 54 cases (3.8%). Both
perforations occurred at the beginning
of the learning curve. Vercellotti et al34
reported a similar rate of 4.8% (1 of 21),
and more recently, Wallace et al42
reported a rate of 0% (0 of 100) (Table 2).
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Table 1

Life-table analysis of loaded implants

Loading
interval (mo)

Loaded implants
at risk

Dropouts

113
113
92
66
33

0
0
0
1
1

0–12
12–24
24–36
36–48
48–60

Table 2

Failures

0
0
0
0
0

Survival rate
at interval

100%
100%
100%
100%
100%

Cumulative
survival rate

100%
100%
100%
100%
100%

Membrane perforation rates using rotating burs
versus USBS tips
Perforation rate

Reference

Raghoebar et al3
Tawil and Mawla17
Engelke et al14
Shlomi et al15
Schwartz-Arad et al18
Barone et al16
Ardekian et al41
Vercellotti et al34
Blus et al (present study)
Wallace et al42
Average

Rotating

47/162 (29.0%)
5/30 (16.7%)
28/118 (23.7%)
20/73 (27.4%)
38/81 (46.9%)
31/124 (25.0%)
35/110 (31.8%)
—
—
—
28.6%

USBS

—
—
—
—
—
—
—
1/21 (4.8%)
2/53 (3.8%)
7/100 (7.0%)
5.2%

While using USBS, two reasons for
possible membrane perforation were
identified. First, perforation may occur
when the vibrating tip runs into a bony
septum during the membrane
approach. When a septum is identified
via radiographs, two smaller windows
on each side of the septum should be
prepared. Second, perforation may
result when high pressure is exerted on
the membrane by the tip. This occurs
when the surgeon seeks to increase
the cutting efficacy of the tip because
of the limited power of the device used
or a worn out tip.

Closure of a perforated membrane can be performed using membranes of cross-linked type I collagen, 43 resorbable collagen, 17 or
autologous fibrin glue.44 The two perforations in this study were closed with
a platelet-poor plasma membrane and
healed uneventfully. No pathologic
sign of sinus densification was found
on orthopantomograms taken 2 weeks
after surgery. The present implant survival rate of 96.6% is in accordance
with other studies.37,38
USBS offers the following advantages: (1) low occurrence of membrane
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perforation, (2) clean and blood-free
surgical field because of cavitation and
the collapsing action of the ultrasound
on the blood vessels, (3) better visual
access to the surgical area, and (4) easier access to bone harvesting sites with
no risk of injury to the surrounding neurovascular bundles and soft tissues.
The tips of the two ultrasonic
devices used in this study differed
notably in material, size, and shape.
The UBS tips are made of titanium
alloy, while stainless steel is used for the
Piezosurgery tips. The UBS tips are
longer, and straight tips instead of
angled tips were also available to harvest bone. The reason for these differences is the higher power offered by
the UBS. Under 90 W, stainless steel
tips are more prone to fatigue fracture. The higher power of the UBS
device means that longer tips can be
used, allowing for easier access to
remote areas in the oral cavity. Further,
the tips do not need to be angled to
develop resonance and ultrasonic
motion.

Conclusion
Opening the bony window of the sinus
with USBS led to a 3.8% occurrence of
membrane perforation. Implant placement in augmented sinuses was highly
predictable: 96.6% of the implants
osseointegrated at second-stage
surgery, and no loaded implants failed.
Bone harvesting from the oral cavity or
the chin was simplified. The procedure
was safe, less technique sensitive, and
comfortable, and it did not encroach
on the surrounding soft tissues.

References
1. Brånemark P-I, Hansson BO, Adell R, et al.
Osseointegrated implants in the treatment
of the edentulous jaw. Experience from a
10-year period. Scand J Plast Reconstr
Surg 1977;16:1–132.
2. Jensen OT, Shulman LB, Block MS, Iacono
VJ. Report of the Sinus Consensus
Conference of 1996. Int J Oral Maxillofac
Implants 1998;13(Suppl):11–32.
3. Raghoebar GM, Timmenga NM, Reintsema
H, Stegenga B, Vissink A. Maxillary bone
grafting for insertion of endosseous
implants: Results after 12–124 months. Clin
Oral Implants Res 2001;12:279–286.
4. Nkenke E, Radespiel-Troger M, Wiltfang J,
Schultze-Mosgau S, Winkler G, Neukam
FW. Morbidity of harvesting of retromolar
bone grafts: A prospective study. Clin Oral
Implants Res 2002;13:514–521.
5. Reinert S, Konig S, Bremerich A, Eufinger
H, Krimmel M. Stability of bone grafting
and placement of implants in the severely atrophic maxilla. Br J Oral Maxillofac
Surg 2003;41:249–55.
6. Timmenga NM, Raghoebar GM, Liem RS,
van Weissenbruch R, Manson WL, Vissink
A. Effects of maxillary sinus floor elevation
surgery on maxillary sinus physiology. Eur
J Oral Sci 2003;111:189–197.
7. Piattelli M, Favero GA, Scarano A, Orsini G,
Piattelli A. Bone reactions to anorganic
bovine bone (Bio-Oss) used in sinus augmentation procedures: A histologic longterm report of 20 cases in humans. Int J
Oral Maxillofac Implants 1999;14:
835–840.
8. Berengo M, Sivolella S, Majzoub Z,
Cordioli G. Endoscopic evaluation of the
bone-added osteotome sinus floor elevation procedure. Int J Oral Maxillofac Surg
2004;33:189–194.
9. Ozyuvaci H, Bilgic B, Firatli E. Radiologic
and histomorphometric evaluation of maxillary sinus grafting with alloplastic graft
materials. J Periodontol 2003;74:909–915.
10. Zerbo IR, Zijderveld SA, de Boer A, et al.
Histomorphometry of human sinus floor
augmentation using a porous beta-tricalcium phosphate: A prospective study. Clin
Oral Implants Res 2004;15:724–732.

Volume 28, Number 3, 2008
COPYRIGHT © 2008 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO
PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER

Blus.qxd

5/15/08

12:16 PM

Page 228

228

11. Tidwell JK, Blijdorp PA, Stoelinga PJ,
Brouns JB, Hinderks F. Composite grafting
of the maxillary sinus for placement of
endosteal implants. A preliminary report of
48 patients. Int J Oral Maxillofac Surg
1992;21:204–209.
12. Froum SJ, Tarnow DP, Wallace SS, Rohrer
MD, Cho SC. Sinus floor elevation using
anorganic bovine bone matrix (OsteoGraf/N)
with and without autogenous bone: A clinical, histologic, radiographic, and histomorphometric analysis. Part 2 of an ongoing prospective study. Int J Periodontics
Restorative Dent 1998;18:528–543.
13. Hatano N, Shimizu Y, Ooya K. A clinical
long-term radiographic evaluation of graft
height changes after maxillary sinus floor
augmentation with a 2:1 autogenous
bone/xenograft mixture and simultaneous
placement of dental implants. Clin Oral
Implants Res 2004;15:339–345.
14. Engelke W, Schwarzwaller W, Behnsen A,
Jacobs HG. Subantroscopic laterobasal
sinus floor augmentation (SALSA): An upto-5-year clinical study. Int J Oral Maxillofac
Implants 2003;18:135–143.
15. Shlomi B, Horowitz I, Kahn A, Dobriyan A,
Chaushu G. The effect of sinus membrane
perforation and repair with Lambone on
the outcome of maxillary sinus floor augmentation: A radiographic assessment. Int
J Oral Maxillofac Implants 2004;19:
559–562.
16. Barone A, Santini S, Sbordone L, Crespi R,
Covani UA. Clinical study of the outcomes
and complications associated with maxillary sinus augmentation. Int J Oral
Maxillofac Implants 2006;21:81–85
17. Tawil G, Mawla M. Sinus floor elevation
using a bovine bone mineral (Bio-Oss) with
or without the concomitant use of a bilayered collagen barrier (Bio-Gide): A clinical
report of immediate and delayed implant
placement. Int J Oral Maxillofac Implants
2001;16:713–721.
18. Schwartz-Arad D, Herzberg R, Dolev E.
The prevalence of surgical complications
of the sinus graft procedure and their
impact on implant survival. J Periodontol
2004;75:511–516.

19. Proussaefs P, Lozada J, Kim J, Rohrer MD.
Repair of the perforated sinus membrane
with a resorbable collagen membrane: A
human study. Int J Oral Maxillofac Implants
2004;19:413–420.
20. Horton JE, Tarpley TM Jr, Wood LD. The
healing of surgical defects in alveolar bone
produced with ultrasonic instrumentation,
chisel and rotary bur. Oral Surg Oral Med
Oral Pathol 1975;39:536–546.
21. Horton JE, Tarpley TM Jr, Jacoway JR.
Clinical applications of ultrasonic instrumentation in the surgical removal of bone.
Oral Surg Oral Med Oral Pathol 1981;51:
236–242.
22. Aro H, Kallioniemi H, Aho AJ, KellokumpuLehtinen P. Ultrasonic device in bone cutting. A histological and scanning electron
microscopical study. Acta Orthop Scand
1981;52:5–10.
23. Torella F, Pitarch J, Cabanes G, Anitua E.
Ultrasonic ostectomy for the surgical
approach of the maxillary sinus: A technical note. Int J Oral Maxillofac Implants
1998;13:697–700.
24. Vercellotti T. Piezoelectric surgery in
implantology: A case report of a new
piezoelectric ridge expansion technique.
Int J Periodontics Restorative Dent
2000;20:359–365.
25. Blus C, Szmukler-Moncler S. The split-crest
procedure with ultra-sonic bone surgery.
Results of a 3-year experience with 172
treated sites. Clin Oral Implants Res 2003;
14:36–37.
26. Eggers G, Klein J, Blank J, Hassfeld S.
Piezosurgery: An ultrasound device for cutting bone and its use and limitations in
maxillofacial surgery. Br J Oral Maxillofac
Surg 2004;42:451–453.
27. Bovi M. Mobilization of the inferior alveolar nerve with simultaneous implant insertion: A new technique. Case report. Int J
Periodontics Restorative Dent 2005;25:
375–383.
28. Chiriac G, Herten M, Schwarz F, Rothamel
D, Becker J. Autogenous bone chips:
Influence of a new piezoelectric device
(Piezosurgery) on chip morphology, cell
viability and differentiation. J Clin
Periodontol 2005;32:994–999.

The International Journal of Periodontics & Restorative Dentistry
COPYRIGHT © 2008 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO
PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER

Blus.qxd

5/15/08

12:16 PM

Page 229

229

29. Gruber RM, Kramer FJ, Merten HA,
Schliephake H. Ultrasonic surgery, an alternative way in orthognathic surgery of the
mandible. A pilot study. Int J Oral
Maxillofac Surg 2005;34:590–593.
30. Stubinger S, Kuttenberger J, Filippi A,
Sader R, Zeilhofer HF. Intraoral piezosurgery: Preliminary results of a new technique. J Oral Maxillofac Surg 2005;63:
1283–1287.
31. Hoigne DJ, Stubinger S, Von Kaenel O,
Shamdasani S, Hasenboehler P. Piezoelectric osteotomy in hand surgery: First
experiences with a new technique. BMC
Musculoskelet Disord 2006;7:36.
32. Kotrikova B, Wirtz R, Krempien R, et al.
Piezosurgery. A new safe technique in cranial osteoplasty. J Oral Maxillofac Surg
2006;35:461–465.
33. Metzger MC, Bormann KH, Schoen R,
Gellrich NC, Schmelzeisen R. Inferior alveolar nerve transposition. An in vitro comparison between piezosurgery and conventional bur use. J Oral Implantol 2006;
32:19–25.
34. Vercellotti T, De Paoli S, Nevins M. The
piezoelectric bony osteotomy and sinus
membrane elevation: Introduction of a
new technique for simplification of the
sinus augmentation procedure. Int J
Periodontics Restorative Dent 2001;21:
561–567.

39. Marx RE, Carlsson ER, Echstaedt RM,
Schimmele SR, Strauss JE, Georgeff KR.
Platelet rich plasma growth factor for
enhancement of bone graft. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod
1998;85:638–645.
40. Marx RE. Platelet-rich plasma: Evidence
to support its use. J Oral Maxillofac Surg
2004;62:489–496.
41. Ardekian L, Oved-Peleg E, Mactei EE,
Peled M. The clinical significance of sinus
membrane perforation during augmentation of the maxillary sinus. J Oral Maxillofac
Surg 2006;64:277–282.
42. Wallace SS, Mazor Z, Froum SJ, Cho SC,
Tarnow DP. Schneiderian membrane perforation rate during sinus elevation using
piezosurgery: Clinical results of 100 consecutive cases. Int J Periodontics
Restorative Dent 2007;27:413–419.
43. Pikos MA. Maxillary sinus membrane
repair: Report of a technique for large perforations. Implant Dent 1999;8:29–34.
44. Choi BH, Zhu SJ, Jung JH, Lee SH, Huh JY.
The use of autologous fibrin glue for closing sinus membrane perforations during
sinus lifts. Oral Surg Oral Med Oral Pathol
Oral Endod 2006;101:150–154.

35. Robiony M, Polini F, Cosa F, Vercelotti T,
Politti M. Piezoelectric bone cutting in multipiece maxillary osteotomies. J Oral
Maxillofac Surg 2004;62:759–761.
36. Blus C, Szmukler-Moncler S. Split-crest and
immediate implant placement with ultrasonic bone surgery. A 3-year clinical experience with 230 treated sites. Clin Oral
Implants Res 2006;17:700–707
37. Del Fabbro M, Testori T, Francetti L,
Weinstein R. Systematic review of survival
rates for implants placed in the grafted
maxillary sinus. Int J Periodontics
Restorative Dent 2004;24:565–578
38. Wallace SS. Maxillary sinus augmentation:
Evidence-based decision making with a
biological surgical approach. Compend
Contin Educ Dent 2006;27:662–668

Volume 28, Number 3, 2008
COPYRIGHT © 2008 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO
PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER

