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Outline

• Understand the mechanism of action of sonic instruments 

• Present the surgical applications of sonic instruments 

• Evaluate science supporting the use sonic instruments



Introduction

• First application of ultrasound to human tissue in 1950 (Pohlman) 

• Same year, Maintz used ultrasound for bone healing 

• In 1952, ultrasonic unit used for preparation of cavities

Kennedy et al. 2003

Maintz 1950



Used routinely in periodontics for 
scaling and root planing. 

Indicated in hard-to-reach and 
difficult area (furcations).

Introduction



Sonic

20’000 - 50’000 Hz

Ultrasonic Instruments

2’000 - 6’000 Hz
Elliptical Linear

Dental Unit
Dental Unit

Separate Unit
Separate Irrigation System

No Interference Interference

from Carranza’s Clinical Periodontology, 11th ed

Frequency
Stroke Pattern
Power Supply

Irrigation
Pacemakers

Magnetostrictive

18’000 -45’000 Hz
Elliptical

Separate Unit
Separate Irrigation System

Interference
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Introduction
• Hand, Sonic and Ultrasonic resulted in similar healing responses 

• Less time spent for debridement 

• Less root surface loss compared to hand instruments 

• Better acces to furcation area and deep pockets

Badersten et al. 1981, 1984 
Lindhe & Nyman 1985

Kocher et al. 1998 
Beuchat et al. 2001

Ritz et al. 1991 
Schmidlin et al. 2001

Wennstrom et al. 2005



In 1988 first reported application of oscillating instruments  
for bone surgery

Vercellotti et al. 2000
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Fig 1 (left) CT image permits the mea-
surement of the tliiclfness of the bone
ridge, which is 2 to 3 mm and develops to
a height of 15 mm. The bone appears to
be veiy mineralized, ol quality Î to 2, and
the cancellous bone appears as a lirie ol
mjnor radioiucency separating the vestibu-
lar cortical bone from ihe pa/ata/ bone

Fig 2 (above) Fdentufous ridge at ihe
beginning of surgery. The thickness, mea-
sured with B periodontal probe, varies
Irom 2.2 to 2.8 mm.

Fig 3 Edentulous ridge after a minor
osteoplasty to level the surface. The lisp is
of miied ihictness to maintain the integri-
ty of the periosteum on the vestibular and
palatal mails.

Fig 4 Lateral view m which the mixed-
thickness flap and periosteum that covers
the vestibular cortical wall are both visible.
The VI piezoeiectric scalpel is in use.

Fig 5 Horizontal bone rncision is per-
formed in the middle of the ndge wfth 2
releasing incisions, one mesial and one
distal.

Fig 6 Ridge alter the use of piezoelectric
scalpel V2 the vestibular cortical wall has
been separated from the palatal wall fol-
lowing the bone flap technique.

The patient was treated with a
local anesthetic (Septanest with
adrenaline 1:200,000, Specialities
Septodont). Antibiotic therapy of 3 g
of amoxicillin (Zimox, Pharmacia &
Upjohn) 1 hour before intervention,
1.5 g that night, and 1 g twice a day
for5 days was prescribed. The post-
operative pain was controlled with
100mgofnirnesulide(Aulin, Helsinn

Healthcare] twice a day for the first
and second days. For clinical plaque
control, the patient was instructed
to rinse his mouth for 1 minute twice
a day with chlorhexidine 0.1% for 2
weeks, perî orm mechanical plaque
control in the remaining natural
teeth, and rinsewith a saline solution
twice a day for another 2 weeks.

Surgical technique

A mid-crestai incision was extended
buccally and palatally into the sulcus
to the mesial and distal sides,
respectively, of the adjacent teeth,
where divergent releasing incisions
were extended into the vestibule. A
mucoperiosteal flap of the total
thickness of the summit of the bone

Volume 20, Number 4, 2000
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Precise Osteotomy

Cavitation Effect

Selective Cutting Action
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weeks, perî orm mechanical plaque
control in the remaining natural
teeth, and rinsewith a saline solution
twice a day for another 2 weeks.

Surgical technique

A mid-crestai incision was extended
buccally and palatally into the sulcus
to the mesial and distal sides,
respectively, of the adjacent teeth,
where divergent releasing incisions
were extended into the vestibule. A
mucoperiosteal flap of the total
thickness of the summit of the bone

Volume 20, Number 4, 2000

361

Fig 1 (left) CT image permits the mea-
surement of the tliiclfness of the bone
ridge, which is 2 to 3 mm and develops to
a height of 15 mm. The bone appears to
be veiy mineralized, ol quality Î to 2, and
the cancellous bone appears as a lirie ol
mjnor radioiucency separating the vestibu-
lar cortical bone from ihe pa/ata/ bone

Fig 2 (above) Fdentufous ridge at ihe
beginning of surgery. The thickness, mea-
sured with B periodontal probe, varies
Irom 2.2 to 2.8 mm.

Fig 3 Edentulous ridge after a minor
osteoplasty to level the surface. The lisp is
of miied ihictness to maintain the integri-
ty of the periosteum on the vestibular and
palatal mails.

Fig 4 Lateral view m which the mixed-
thickness flap and periosteum that covers
the vestibular cortical wall are both visible.
The VI piezoeiectric scalpel is in use.

Fig 5 Horizontal bone rncision is per-
formed in the middle of the ndge wfth 2
releasing incisions, one mesial and one
distal.

Fig 6 Ridge alter the use of piezoelectric
scalpel V2 the vestibular cortical wall has
been separated from the palatal wall fol-
lowing the bone flap technique.

The patient was treated with a
local anesthetic (Septanest with
adrenaline 1:200,000, Specialities
Septodont). Antibiotic therapy of 3 g
of amoxicillin (Zimox, Pharmacia &
Upjohn) 1 hour before intervention,
1.5 g that night, and 1 g twice a day
for5 days was prescribed. The post-
operative pain was controlled with
100mgofnirnesulide(Aulin, Helsinn

Healthcare] twice a day for the first
and second days. For clinical plaque
control, the patient was instructed
to rinse his mouth for 1 minute twice
a day with chlorhexidine 0.1% for 2
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Advantages of Sonic Surgery

Precise Osteotomy

Cavitation Effect

Selective Cutting Action

Improved Bone Healing
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20 Hz 20’000 Hz ∞

Sonic Ultrasonic

How does it work?



Sonic vs Ultrasonic

Sonic Instruments
20’000 - 50’000 Hz

Ultrasonic Instruments
2’000 - 6’000 Hz

Elliptical Stroke Pattern Linear (Piezo) Stroke Pattern
Connected to Dental Unit

Dental Unit Irrigation System
Separate Unit

Separate Irrigation System
No Effect on Pacemakers Electromagnetic Interference Pacemakers
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Sonic vs Ultrasonic

Heinemann et al. 2012
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Research has shown that the threshold level for heat-induced
cortical bone necrosis is 47 ◦C (116.6 ◦F) for 1 min  (Eriksson and
Albrektsson, 1983), and that excessive frictional heat generated
during osteotomy preparation can impair the turnover activity of
bone tissue by causing hyperemia, necrosis, fibrosis, osteocytic
degeneration and increased osteoclastic activity (Collins, 1953;
Lavelle and Wedgwood, 1980; Moss, 1964; Tehemar, 1999).

In this study, a sonic and ultrasonic systems were tested in
vitro in segments of the lower jaw of pigs: insert No. 84 of SON-
ICflex bone® 2003L and insert OT7 of Piezosurgery®. The study
had two goals: The first was the measurement of the heat magni-
tude and the second was a histological investigation of the damage
effect.

2. Materials and methods

Two sonic and ultrasonic systems were compared in this study:
Insert No. 84 with the hand piece SONICflex bone® 2003L and
INTRAsurg 1000 Air manufactured by KaVo (KaVo Dental, Biber-
ach, Germany) and insert OT7 with Piezosurgery® manufactured by
Mectron Medical Technology (Mectron, Köln, Germany). A conven-
tional osteotomy round bur 141A, size 023 (Busch, Engelskirchen,
Germany) with the hand piece CL3-04 (up to 3000 rpm) and INTRA-
surg 1000 Air was used as a reference.

2.1. Measurement of the heat generation within the bone

Two 1.5 cm × 5 cm porcine fresh lower jaw segments from the
angle region were prepared and the bone surface was  completely
exposed including the excision of the periosteum. A deep longitudi-
nal excavation (1 cm)  was created in the middle of the cutting plane
of the segments for the insertion of the temperature sensors. The
bone segments were fixed in a sample-holder by means of a screw;
the segments were positioned in such a way that the osteotomy
line was perpendicular to the cortical bone surface (Fig. 1). Two
temperature sensors were inserted in the excavation and coated
with a heat-conductive paste (Fig. 2).

The sensors were connected to Almemo 2390-5 (Ahborn Mess-
und Regelungstechnik GmbH, Holzkirchen, Germany) and the mea-
surements were displaced using Labview 7 Express (National
Instruments, Austin, Texas).

The hand pieces of Piezosurgery®, SONICflex® and round bur
were positioned in an electro-lifting motor in a way  that the cutting
instruments oscillated parallel to the axis of the lifting motor. For
all instruments a normal saline cooling of 35 ml/min was  applied.

Through the aid of the up- and down-movement of the lifting
motor a frequency of 68 Hz was induced for all instruments and
adjusted by adapting the voltage of the DC power supply 6010
D (Peak Tech., Ahrensburg, Germany). The round bur had a rota-
tion speed of 3300 m−1. For the Piezosurgery®, the program “bone
quality 1” was used and step-3 of the ring counter for SONICflex®,
respectively.

For all three instruments, five incisions approximately equal
in depth and length were prepared in the bone segments. The
osteotomy took place through the up- and down-movement of the
lifting motor, meanwhile the underneath bone temperature was
recorded per second. The osteotomy was stopped when the instru-
ment (the round bur or oscillating plates) had a contact with one
and/or both the temperature sensors and the record of the tem-
perature was stopped accordingly. The difference of the maximal
and minimal temperature values for each individual sensor was
calculated.

Because of the difficulties in positioning the sensors exactly in
the prepared incisions, the sensors were not always simultaneously
captured by the osteotomy instrument.

Fig. 1. (a and b) Schematic draw of the setting system of the experiment.

The differences of the mean temperature difference values were
analyzed for statistical significance using the Mann–Whitney test
(WinStat®, version 2003 for Microsoft Excel). A significance level
of 0.05 was  chosen.

2.2. Histological investigation

After the osteotomy, the 2 bone samples were fixed by immer-
sion in 4% buffered formaldehyde (Sörensen buffer) at room
temperature for at least 3 days (Gedrange et al., 2008). The

Fig. 2. The position of 2 temperature sensors within the longitudinal cut with the
insert No. 84 and SONICflex bone® 2003L hand piece of KaVo.

Please cite this article in press as: Heinemann, F., et al., Experimental and histological investigations of the bone using two different Oscil-
lating Osteotomy techniques compared with conventional rotary osteotomy. Ann. Anatomy (2011), doi:10.1016/j.aanat.2011.10.005

ARTICLE IN PRESSG Model
AANAT-50625; No. of Pages 6

F. Heinemann et al. / Annals of Anatomy xxx (2011) xxx–xxx 3

Table  1
Measured temperature differences for both or one of the 2 sensors by using the 3
osteotomy instruments.

Osteotomy Temperature difference (◦C)

Round bur Piezosurgery® SONICflex®

1 1.99 5.34 1.59
2 2.98 34.32 4.09
3  0.61 11.95 1.67
4 1.31 14.05 2.73
5  0.82 25.18 1.39
Mean 1.54 18.17 2.29
Std. 0.96 11.51 1.13

samples were embedded in plastic to prepare non-decalcified
sections of 15 !m thickness according to established protocols
(Frentzen et al., 2003). In short, the non-decalcified specimens were
dehydrated in ascending ethanol and 2-hydroxyethylmethacrylate
(GMA) concentration solutions. An ultraviolet light-activated poly-
methylmethacrylate (PMMA) (Technovit 7200, VLC) was  used as
an infiltration medium. A 3-day immersion in a 1:1 combina-
tion of GMA  and the embedding medium was followed by 100%
embedding medium. After penetration of the whole specimen with
the embedding medium, the Technovit 7200 VLC was  carefully
photo-polymerised in 3 steps to minimize artefacts caused by poly-
merisation shrinkage. High power UV-light sources are needed in
the last stage of polymerisation to ensure that the medium is fully
hardened. After that, parallel sections of 100–200 !m thickness
were cut from the specimen in a microsawing machine (ETS). The
desired final thickness of the specimen (10–20 !m) needed for light
microscopic analysis was obtained using a microgrinding system
(EMS). Finally, toluidine blue stain was applied without removal of
the plastic embedding medium.

3. Results

3.1. Evaluation of heat generation within the bone

The evaluation of the recorded values was based on the follow-
ing principle:

Case 1: if both sensors were captured at the same time by the
osteotomy instrument, the average of the measured temperature
differences was considered (the temperature deviation of the two
measurement sensors is ≤5 ◦C).
Case 2: if only one of the sensors was captured by the osteotomy
instrument (the measured deviation of the both measurement
sensors is >5 ◦C), only the results of the temperature difference
of the sensor that was in direct contact with the instrument was
considered in the evaluation.

Table 1 illustrates the recorded temperature differences for the 5
osteotomy regions of each instrument together with the mean val-
ues. Fig. 3 presents the box diagram of the measured temperature
differences with the three osteotomy instruments.

Comparison of values of SONICflex bone® to control was not
significant (p = 0.310) while comparison of SONICflex bone® to
Piezosurgery® and SONICflex bone® to control was significant (both
p = 0.008).

3.2. Histology

The specimens consisted of compact cortical and inner cancel-
lous bone containing red bone marrow. In all cases, the defects
had penetrated the outer cortical and inner cancellous parts.
Generally, the damaged zones were marked by intensive toluidine

Fig. 3. Box diagram of the measured temperature differences with the 3 osteotomy
instruments.

blue staining indicating protein degeneration caused by the heat
generated during the cutting of the bone.

3.3. Rotating machine/round bur

Defects with diameters up to 3 mm in breadth and about 5 mm
deep with irregular cutting surfaces of the damaged spongy tra-
becules and disclosure of marrow spaces were created. Focally,
delicate bony trabecules were crushed and pressed into the bone
marrow. At higher magnification, intensively stained damaging
zones within the bone matrix with a diameter of about 2–5 !m
were detected at the cutting surfaces all along the defect bor-
der, while the underlying osteocytes were intact. The bottom of
the defect showed a damaged zone up to 10 !m in diameter
(Fig. 4).

3.4. SONICflex®

The defects were narrow and measured about 1 mm  × 4 mm.
The cutting surfaces were mostly smooth. While the upper zone
of the defect through the cortical bone showed minimal damaging,
the lower cancellous zone appeared with partly crushed spongy
trabecules and laterally translocated debris. Marrow spaces were
disclosed, soft tissues also partly dislocated laterally. Focally, bony
trabecules at the cutting surface appeared undulated. At the bottom
of the defect, a similar damaging zone as observed with the rotat-
ing machine was seen. Osteocytes seemed to be intact all along the
cutting surface. Fig. 5 illustrates the damaged bone zones at the
different regions along the cut.

3.5. Piezosurgery® bone quality

The defects showed a funnel-shaped opening with smooth cut-
ting surfaces and were about 5 mm deep and 1 mm in width. The
surface of the defect bottom was  more irregularly formed. While
there was no destruction of the bony tissue along the defect bot-
tom, the trabecules along the lateral margins were intact, but with
undulated appearance focally. All along the cutting surfaces, except
the bottom region, an intensively stained damage zone of a diame-
ter of about 30 !m could be focally observed. The osteocytes were

• Heat Generation and Transmission due to: 

• High frequency 

• Reduce amplitude 

• Lack of irrigation
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Advantages of Sonic Surgery

Selective Cutting Action



Advantages of Sonic Surgery
Rat (25) sciatic nerve exposed  
Contact with surgical instrument 

Group 1: insert (no vibration) contact with nerve (3N) for 5s 

Group 2: insert (vibration) contact with nerve (3N) for 5s 

Group 3: surgical insert in contact with nerve (5N) for 1s

Schaeren et al. 2005

Selective Cutting Action



Advantages of Sonic Surgery

• Motor and sensory nerve function monitored for 150 days 

• Histological analysis to assess integrity of the perineurium 
and axonal damage

Selective Cutting Action



higher rate of functional damage than those in groups
A or B up to 30 days after the treatment. Moreover, at
10 days, the SFI of the pathological animals was sig-
nificantly lower in group C than in groups A and B,
indicating an increased extent of motor function dam-
age by nerve exposure to a peak force. Both the
frequency of functional damage and SFI scores were
similar in groups A and B, indicating a limited effect
induced by activation of the ultrasonic vibration.

Histologically, no dissection or damage of the per-
ineurium was visible in any of the nerves of groups A,
B, or C animals. Degeneration of nerve fibers in re-
stricted areas was observed in all animals, ranging
from isolated (Fig 2A) to abundant axonal breakdown
and segmentation of myelin into digestion chambers
(Fig 2B). However, no systematic difference was
found among the groups or in relation to a functional
deficit. Semiquantitative scoring of axonal damage
was higher (although not significantly so) in group B
(1.6 ! 0.9) than in groups A and C (0.9 ! 0.6 and
1.0 ! 0.5, respectively). This finding is consistent
with a previously reported lack of association be-
tween histological and functional outcome measures
of nerve regeneration.10

In conclusion, direct exposure of a peripheral
nerve to Piezosurgery, even in the worst-case scenar-
ios, did not dissect the nerve but did induce some
structural and functional damage. Consistent with a
previous study,5 the perineurium of the nerve re-
mained intact even after nerve contact at peak force,
thus enhancing the potential for functional recovery.
Importantly, the extent of damage was significantly
higher with application of increased force on the nerve
by the device, but not by activation of the ultrasonic
vibration. Because the proper use of the Piezosurgery
device calls for application of limited pressure, the
safety margins are greater than those when using
instruments that are typically operated at higher force
(eg, bur) or are likely to cut the nerve on direct
contact (eg, oscillating saw). This makes Piezosurgery
a promising tool for performing osteotomy in close

FIGURE 2. Longitudinal sections through the sciatic nerves of treated
rats after full sensory and motor recovery. The fields are representative
of (A) isolated axonal damage in the nerve bundle or (B) abundant
axonal breakdown and segmentation of myelin into digestion cham-
bers together with mild inflammation (hematoxylin and eosin; bar "
100 !m).

Schaeren et al. Assessing the Potential Damage of Piezosurgery.
J Oral Maxillofac Surg 2008.

FIGURE 1. Motor (A) and sensory (B) nerve damage in animals
treated by Piezosurgery at working force for 5 seconds without (group
A) or with (group B) ultrasonic activation, or peak force for 1 second
with ultrasonic activation (group C).

Schaeren et al. Assessing the Potential Damage of Piezosurgery.
J Oral Maxillofac Surg 2008.

SCHAEREN ET AL 595Advantages of Sonic Surgery
• Histologically, no dissection or 

damage of the perineurium was 
visible in any of the nerves of 
groups A, B, or C animals. 

• Direct contact of the insert with 
the nerve did not dissect the 
nerve although induced some 
damage.

Selective Cutting Action



Precise Osteotomy

Cavitation Effect

Selective Cutting Action
Schaeren et al. 2005

Improved Bone Healing

Advantages of Sonic Surgery



Advantages of Sonic Surgery

• Animal Model: Female Hound (4), periodontal defect cerated 
(mandibular P1 to P4 and M1), removing 4mm of crestal bone. 

• Teeth randomly assigned to one of three groups: piezosurgery (PS), 
carbide bur (CB), diamond bur (DB). 

• Notch placed on the root surface at the post-surgical crest level.

Vercellotti et al. 2005

Improved Bone Healing



Advantages of Sonic Surgery

• Histometrical analysis evaluating bone gain/loss from notch to crest

Vercellotti et al. 2005

Improved Bone Healing



Advantages of Sonic Surgery

• PS provided more favorable 
osseous repair and remodeling than 
CB or DB 

• Limitations of the study

Vercellotti et al. 2005

Improved Bone Healing



Precise Osteotomy

Cavitation Effect

Selective Cutting Action
Schaeren et al. 2005

Improved Bone Healing
Vercellotti et al. 2005
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Cavitation Effect

Advantages of Sonic Surgery



Clinical Applications

Atraumatic extraction	


Sinus lift	


Edentulous Ridge Expansion (ERE)	


Wisdom tooth extraction

Block or Chip bone graft harvesting	


Corticotomy (Wilcodontics)	


Tori Removal



Clinical Applications

Papadimitriou & Geminiani, 2012

Atraumatic Extraction
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Atraumatic Extraction



Clinical Applications
Atraumatic Extraction



Clinical Applications

Dr. Ivo Agabiti

Extraction & Immediate Implant
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Dr. Ivo Agabiti

Extraction & Immediate Implant



Clinical Applications
Extraction, Immediate Implant & Loading



Clinical Applications
Removal of Exostosis



Clinical Applications
Removal of Exostosis
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Removal of Exostosis
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Removal of Exostosis



Clinical Applications
Removal of Exostosis



Clinical Applications
Removal of Exostosis
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Corticotomy



Clinical Applications
Corticotomy



Clinical Applications
Bone Harvesting



Clinical Applications
Bone Harvesting



• Quantity of vital bone cells similar to 
conventional methods (particulate) 

• OIBS harvested particles of larger 
size  

• Level of scientific evidence: 
longitudinal studies (case series)

Berengo et al. 2006

Chiriac et al. 2005

Happe et al. 2007

Clinical Applications
Bone Harvesting
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• One of the first application of OIBS 

• Proposed benefit: better control, 
reduced risk of soft tissue injuries 

• Level of scientific evidence: 
longitudinal studies (case series)

Vercellotti 2000

Clinical Applications
Ridge Splitting
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• Incidence of sinus membrane 
perforation with conventional 
surgical technique 14-56% 

• Incidence of sinus membrane 
perforation with OIBS 5-20% 

• Level of scientific evidence:  
randomized clinical trial  
longitudinal studies (case control)  
longitudinal studies (case series)

Wallace et al. 2007

Vercellotti et al. 2001

Barone et al. 2007 
Geminiani et al. 2011 

Rickert et al. 2011

Clinical Applications
Maxillary Sinus Lift



Barone et al. 2007 - RCT

• Study could not reject the  
null hypothesis 

• Limited power to show a  
significant difference

A period ranging from 5 to 6 months was

allowed to occur before the radiographic

examinations – orthopantomography and/

or CT scan – were taken to evaluate the

outcome of the surgical procedure.

The parameters recorded were bony win-

dow length (L), bony window height (H),

bone thickness (T) and osteotomy area (A)

– calculated by multiplying L andH. More-

over, the time necessary for the osteotomy

and sinus membrane elevation as well as

the number of surgical complications was

calculated. The mean values and standard

deviations were determined for each para-

meter in the test and control groups.

The comparison between the test and

control groups was performed using a

Wilcoxon’s matched paired test. A P value

was set at o0.05 with the Bonferroni

corrections for multiple comparisons.

Results

A total of 13 patients who required a

bilateral maxillary sinus floor elevation

for implant–prosthetic rehabilitation were

included in this study. Figure 1 reports for

each group the number of participants, the

number of sinuses assigned to treatments,

the follow-up period and the number of

maxillary sinuses in the analysis. Each of

the patients had one randomly selectedmax-

illary sinus treated with a piezosurgery sys-

tem and the other sinus with conventional

rotary burs andmanualmembrane elevators.

All patients had an uneventful healing and

no signs or symptoms of maxillary sinus

diseasewere observed after the augmentation

surgical procedures (Fig. 2). The control

group comprised 13 maxillary sinuses with

a mean bone thickness (T) at the window of

0.8mm. The test group comprised 13 max-

illary sinuses with a mean bone thickness

(T) at the window of 0.7mm. The mean

length of the osteotomy (L) was 16.2mm in

the rotary bur group (control) and 15.3mm

in the piezo group (test). The mean height of

osteotomy (H) was 9.3mm in the rotary bur

group (control) and 8.9mm in the piezo-

electric group (test) (Table 1). The osteotomy

area (A), obtained by multiplying L and

H, was wider in the control group

(151.2 ! 20.4mm2) compared with the

test group (137 ! 24.2mm2), even if a level

of significant difference was not reached.

The time necessary for the osteotomy and

the sinus membrane elevation with conven-

tional instruments was 10.2 ! 2.4min,

while with the piezoelectric device it was

11.5 ! 3.8min (Fig. 3) (Table 1). The time

required with rotary burs and manual eleva-

tors was shorter than that with the piezo-

electric device, although the statistical

comparison revealed no significant differ-

ences between the two groups. Analysis of

the complications showed membrane per-

foration occurring approximately in 30%

(four membrane perforations) of maxillary

sinuses in the test group and in 23% (three

membrane perforations) in the control group

(Table 1). Moreover, it should be noted that

three perforations were smaller than 2mm

and one perforation was larger than 2mm in

the piezoelectric group, while all the three

perforations were smaller than 2mm in the

rotary burs and manual elevators group.

Overall, however, no statistically significant

differences were found between the groups.

Discussion

This study analysed the surgical access to

the maxillary sinus – osteotomy and sinus

membrane elevation – by comparing two

treatment procedures: using a piezoelectric

13 patients with bilateral maxillary atrophy 
26 maxillary sinuses randomly allocated to treatment 

13 maxillary sinuses allocated to piezoelectric device
Test group 

13 maxillary sinuses allocated to rotary instruments 
and manual sinus elevators 

Control group 

Follow-up at 5/6 months Follow-up at 5/6 months 

0 lost to follow-up 
13 maxillary sinuses in the analysis 

0 lost to follow-up 
13 maxillary sinuses in the analysis 

Fig. 1. Flow diagram of a trial comparing rotary instruments and piezoelectric device for maxillary sinus

augmentation.

Table1. Clinical parameters (mean! standard deviation) during osteotomy and sinus
membrane elevation in the piezoelectric group and conventional instruments group

Parameters Piezoelectric
device (test group)

Conventional instruments
(control group)

P value significant
for Po0.05

Window height H (mm) 8.9 ! 1 9.3 ! 1.1 NS
Window lenght L (mm) 15.3 ! 1.5 16.2 ! 0.7 NS
Window area A (mm2) 137 ! 24.2 151.2 ! 20.4 NS
Bone thickness T (mm) 0.7 ! 0.2 0.8 ! 0.2 NS
Time required (min) 11.5 ! 3.8 10.2 ! 2.4 NS
Perforations 4 (30.7%) 3 (23%) NS

NS, not significant.

Fig. 2. Piezoelectric osteotomy to access to maxil-

lary sinus.

Fig. 3. Initial phase of sinus membrane elevation

using a cone compressor.

Barone et al . Maxillary sinus augmentation
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Geminiani et al. 2013
• MM: Retrospective study, chart 

review, 93 consecutive patients  
(130 sinus augmentation) 

• Group 1 (control): preparation of the 
window with rotary diamond bur, 
elevation of the membrane  
manual instrument 

• Group 2 (test): preparation of the 
window with OIBS (sonic), elevation 
of the membrane manual instrument

device and conventional instruments

(Fig. 4). No statistically significant differ-

ences between the two treatments in any of

the investigated clinical parameters were

found. The bone thickness at the osteot-

omy sites was similar in both groups;

differently, the osteotomy area was wider

in the control group (using conventional

instruments) compared with the test group

(using piezoelectric device). Moreover, the

time required to perform the osteotomy

and to complete the sinus membrane ele-

vation was longer in the test group (piezo-

electric device) compared with the control

group (conventional instruments) (Figure 5).

Some authors, using piezosurgery for sinus

bone augmentation, observed only one

membrane perforation in the 21 surgical

procedures performed, which resulted in a

95% success rate (Vercellotti et al. 2001).

The advantage of piezosurgery was the

ability to cut the bone window avoiding

the risk of membrane perforation. Subse-

quently, the piezoelectric elevators can be

used to lift the sinus membrane without

any increased risk of perforation (Vercel-

lotti et al. 2001). In the current study, the

rate of complications was evaluated in

order to compare the effectiveness of a

piezoelectric device with conventional ro-

tary burs andmanual elevators. Fourmem-

brane perforations – three smaller and one

larger than 2mm – were observed in the

piezosurgery group, whereas three mem-

brane perforations – all smaller than 2mm

– were noted in the conventional instru-

ments group. Therefore, on the one hand,

the piezoelectric device was shown to be

slower when compared with the conven-

tional instruments; on the other, a higher

number of membrane perforations were

noted with the piezosurgery. None of the

differences found between the two groups

reached the level of significance. Moreover,

it should be taken into account that this

study does not have the statistical power to

rule out the possibility of a difference

between the two groups. More extensive

studies need to be performed to support the

equivalence and to evaluate the possible

factors affecting the time required and the

rate of complications. One of the first

studies on the application of ultrasonic

generators in ostectomy of the maxillary

sinus reported the following advantages:

reduced risk of sinus membrane perfora-

tion, improved vision of the operative area

during ostectomy and a more conservative

osseous incision (Tornella et al. 1998).

Because the oscillation frequency used in

piezosurgery is specifically designed for

cutting mineralized tissue, the cutting tip

becomes inactive on contact with soft tis-

sues. Thus, accidental slipping of the de-

vice does not cause damage to soft tissues

(Vercellotti et al. 2001). More recently,

some other authors advocated the use of

piezosurgsery in cranial osteoplasty, with-

out any risk of duramater perforation, even

in the case of high-risk patients (Kotrikova

et al. 2006). In our study, the group treated

with piezosurgery had four membrane per-

forations, whereas the group treated with

conventional instruments had three mem-

brane perforations. However, no significant

differences were observed between the two

groups. These findings were not in agree-

ment with previously reported data

(Tornella et al. 1998; Vercellotti et al.

2001). Nonetheless, it should be consid-

ered that – to the best of our knowledge –

there are no other randomized-controlled

studies that compared piezosurgery with

conventional instruments in maxillary si-

nus surgery (Fig. 6).

Our clinical impression was that the use

of ultrasound osteotomy allows the evacua-

tion of detritus with the aerosol formation,

thereby improving visibility, as has also

been documented in other reports (Tornella

et al. 1998; Stubinger et al. 2005;

Kotrikova et al. 2006).

The major limitation of piezosurgery

seems to be the time factor. Cutting pro-

cedures are substantially longer due to the

low cutting efficacy compared with con-

ventional osteotomy devices. According to

other studies (Hoigne et al. 2006; Kramer

et al. 2006), depending on the bone struc-

ture and thickness, the duration of the

osteotomy procedure can be increased by

up to fivefold and above.

Before the widespread use of piezosur-

gery, there was a need for more data regard-

ing the possible side effects such as

thrombogenesis or impaired bone blood

circulation (Stubinger et al. 2005). Re-

cently, piezosurgery and conventional ro-

tating drills have been compared – during

the harvesting of bone chips – for cell

viability and differentiation. The authors

concluded that bone chips harvested with

piezosurgery and conventional rotating

drills contained vital cells that were able

to differentiate into osteoblast in vitro,

therefore showing no differences between

the two techniques (Chiriac et al. 2005).

Moreover, in an in vivo experimental

model the wound-healing response was

evaluated following osteotomy with piezo-

surgery and diamond or carbide burs

(Vercellotti et al. 2005). The results within

the limit of a small sample size indicated a

more favourable osseous response with

piezosurgery when compared with dia-

mond or carbide burs (Vercellotti et al.

2005).

In conclusion, the findings from this

study showed no significant differences in

any of the investigated parameters between

piezosurgery and conventional instruments

in the maxillary sinus surgery.

Fig. 4. Maxillary sinus membrane elevated using a

piezoelectric elevator.

Fig. 5. Initial phase of osteotomy using rotary in-

struments.

Fig. 6. Maxillary sinus membrane elevated using

manual elevators.

Barone et al . Maxillary sinus augmentation
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• Group 1 (control):51 maxillary sinuses  
27.5% perforation during osteotomy  
43.1% perforation during elevation 

• Group 2 (test): 79 maxillary sinuses 
12.7% perforation during osteotomy  
25.3% perforation during elevation 

• NS difference in post-operative 
complications

Geminiani et al. 2013



Why this difference?
• Possible explanation of difference two 

study: 

• Sample size 

• Operator experience 

• Bias study design 

• Difference sonic - ultrasonic frequency



SF8878KD.000.018 SF8878KM.000.018SF8878KM.000.018
new new

! § $

Implants

Crown & Bridge

Endo

Scaling

Other Applications



Other Applications

SF8878KD.000.018 SF8878KM.000.018SF8878KM.000.018
new new

! § $

Sy
ne

a
16

ZA
-5

5 
L

M
on

ob
lo

c 
de

si
gn

Sm
oo

th
 p

ow
er

 c
on

tro
l

In
te

gr
at

ed
 s

pr
ay

Po
w

er
fu

l l
ig

ht
 s

ou
rc

e
Ne

w
 d

es
ig

n

The tips can also be used in:  

W&H Series Synea® 

SIROAIR L made by Sirona 

SONICflex® made by KaVo.
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Conclusions

1. Sonic handpiece is a versatile tool with numerous applications 
in restorative dentistry, periodontics, implants & oral surgery	


!
2. The incidence of intra-operative complication might be 

reduced by using non-rotating surgical tools	

!

3. The learning curve of complicated surgical procedure might 
be reduced by using “safer” surgical tools 
(confidence, better visibility and control) 


