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ORAL AND MAXILLOFACIAL IMPLANTS
Ultrasonic osteotomy in oral surgery and implantology
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Over the past decade, coinciding with the appearance of a number of new ultrasonic surgical devices, there
has been a marked increase in interest in the use of ultrasound in oral surgery and implantology. This paper reviews
the published literature on ultrasonic osteotomy in this context, summarizes its advantages and disadvantages, and
suggests when it may and may not be the technique of choice. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod

2009;108:360-367)
The use of ultrasound for medical diagnosis was first
investigated in the 1940s and 1950s and became well
established in the 1960s. The possibility of surgical
applications was also explored in the 1940s,1 but wide
clinical use in Western nations was for a long period
limited to dental practice, where it continues to be used
for supra- and infragingival dental cleaning, and root
scaling,2-4 for apical box preparation prior to regro-
grade filling,5 for root canal preparation,3 and for the
removal of posts, cores, and occasionally broken instru-
ments.4,6 The 1980s and 1990s saw the growing clinical
introduction of both focused ultrasound7-9 and the ul-
trasonic scalpel.10-12 Ultrasonic osteotomy preparation
was studied following earlier works,13,14 but it is only
in the last few years that ultrasonic devices for osteot-
omy have become competitive with conventional in-
struments in certain contexts.15-19 To our knowledge,
ultrasonic osteotomes are currently manufactured by Mec-
tron (Genova, Italy), BTI (Vitoria, Spain), Resista (Ome-
gna, Italy), Satelec (Merignac, France), Electro Medical
Systems (Nyon, Switzerland), and NSK (Kanuma, Japan);
other companies are on the verge of entering the market.

This paper reviews the published literature on ultra-
sonic osteotomy in oral surgery and implantology, sum-
marizes its advantages and disadvantages, and suggests
when it may be the technique of choice and when not.
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This review is based on a search of the main on-line
medical databases for papers on ultrasonic bone surgery
published in major oral surgery, periodontal and dental
implant journals between January 1960 and August
2008, using the keywords “piezoelectric,” “ultrasonic,”
“bone,” and “surgery.” Other relevant papers were
identified in the references sections of papers retrieved
by the primary search. It should be pointed out that �1
of the authors of a number of the papers reviewed
appear to have a commercial interest in the osteotomes
used in their studies.

BASIC CONCEPTS
Ultrasound consists of mechanical waves of frequen-

cies greater than about 20 kHz, the upper limit of
human hearing. Although vibrations of these frequen-
cies can be produced by various means, most medical
devices currently use the piezoelectric effect, discov-
ered in 1880 by Jacques and Pierre Curie.20 This is the
phenomenon whereby an electric potential develops
across certain crystalline materials when they are com-
pressed; and these materials become deformed in an
electric field. If the polarity of the applied field alter-
nates, the crystal transduces this alternation into an
oscillation of its surface, and this movement is trans-
mitted to adjacent matter.

Ultrasonic medical devices generally use barium ti-
tanate transducers. In ultrasonic scalpels and os-
teotomes they are located in the handpiece, which is
connected by a cable to the control unit. Their move-
ment is transmitted to a working piece that is inserted in
the handpiece and has a titanium or steel tip, with or
without a diamond or titanium nitride coating, that is
shaped appropriately for the intended task (Fig. 1). To
cut bone while minimizing the risk of damage to soft

tissues, osteotomes use ultrasound of relatively low
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frequencies (20-36 kHz) which in some cases may
optionally be modulated at low frequency (30 Hz or
lower) to avoid overheating and bone compaction.21

The instantaneous frequency is generally automatically
controlled in response to the pressure load on the tip.
The parameters under the control of the operator, apart
from the pressure applied, are the pulse frequency
(when available), the rate of delivery of coolant fluid,
and the applied power, which in some instruments is
limited to 3-16 W and in others has a maximum of as
much as 90 W.22 In most instruments, power is con-
trolled by selecting the type of bone to be cut or the
procedure to be performed. The peak-to-peak ampli-
tude of tip oscillations, typically in the range of 30-200
�m in the plane perpendicular to the shaft of the work-
ing piece (some instruments also or exclusively23,24

oscillate along the shaft), ensures precise microabrasive
incision. Cavitation (the production of imploding bub-
bles,25 a phenomenon to be avoided in many applica-
tions of ultrasound in the presence of liquids) appar-
ently occurs advantageously in ultrasonic osteotomy, in
which it helps maintain good visibility in the surgical
field by dispersing coolant fluid as an aerosol.

It must be stressed that ultrasonic osteotomy and
conventional osteotomy demand quite different manual
controls of the operator. Whereas exerting more pres-
sure on a rotary bur accelerates incision, placing exces-
sive pressure on an ultrasonic tip can prevent its proper
vibration, and experience with endodontic ultrasound
suggests with this will result in overheating.26 At each
moment, a pressure must be used that is right for the
bone being cut. Although the use of appropriate pres-
sure minimizes the risk of overheating, regular inter-
ruptions to prevent overheating are nevertheless advis-

Fig. 1. Various designs of ultrasonic osteotomy tip.
able, especially during long or deep cuts.27
SEARCH RESULTS
Clinical experience in oral surgery and
implantology

The literature search showed ultrasonic osteotomy to
have been used to date in the following orosurgical and
implantological procedures: sinus lift,15,16,28-35 alveolar
ridge expansion,22,31,33,36,37 exposure of impacted ca-

Table I. Papers on clinical applications of ultrasonic
osteotomy in oral surgery and implantology, by year of
publication within each surgery type
Sinus lift

Torrella et al.15 1998
Vercellotti et al.28 2001
Eggers et al.29 2004
Stübinger et al.16 2005
Vercellotti et al.30 2006
Schlee et al.31 2006
Wallace et al.32 2007
Stübinger et al.33 2008
Barone et al.34 2008*
Blus et al.35 2008

Alveolar ridge expansion
Vercellotti30 2000
Blus & Szmukler-Moncler31 2006
Schlee et al.26 2006
Eisnidis et al.37 2006
Stübinger et al.28 2008

Exposure of impacted canines
Grenga and Bovi38 2004

Lateralization of the inferior alveolar nerve (IAN)
Bovi39 2005
Stübinger et al.16 2005
Leclercq et al.40 2008
Stübinger et al.33 2008

Removal of hard tissue close to the IAN
Stübinger et al.16 2005

Autologous bone graft harvesting
Stübinger et al.16 2005
Stübinger et al.45 2006
Schlee et al.31 2006
Happe A.46 2007
Sohn et al.47 2007
Gellrich et al.48 2007
Leclercq et al.40 2008
Stübinger et al.33 2008

Periodontal surgery
Vercellotti et al.30 2006

Transposition of the IAN
Sakkas et al.49 2008

Alveolar distraction osteogenesis
González-García et al.50 2007
Lee et al.51 2007
González-García et al.52 2008*

Removal of osseointegrated implants
Silovella et al.53 2007
Leclercq et al.40 2008

*In vivo comparative study of control and test groups.
nines,38 lateralization of the inferior alveolar nerve
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(IAN),33,39,40 removal of osseous tissue close to the
IAN,16 orthognathic surgery,41-44 autologous bone graft
harvesting,16,31,33,45-48 periodontal surgery,30 IAN trans-
position,49 alveolar distraction osteogenesis,50-52 and the
removal of osseointegrated implants40,53 (Table I).
The results reported are reviewed in the following
subsections.

Sinus lift (Fig. 2). Sinus lift is the procedure for which
the use of ultrasonic osteotomy was first reported,15 and
for which most reports of its use have been pub-
lished.16,28-35 The most common intraoperative compli-
cation of conventionally performed sinus lift is perfo-
ration of the schneiderian membrane, which occurs in
14%-56%32 of cases (generally due to accidental slip-
ping of the osteotome) and can cause postoperative
complications such as infection.54-56 In noncomparative
observational studies, Vercellotti et al.28 reported a perfo-
ration rate of only 1 out of 21 (4.8%), Blus et al.35 reported
a perforation rate of only 2 out of 53 membranes (3.8%),
and there were no perforations at all during actual bone
cutting in the series of 100 cases described by Wallace et
al.32 These low rates are attributed to the use of ultrasound
frequencies of only 25-30 kHz, lower than those that cut
soft tissue (ultrasonic scalpels use frequencies of �55
kHz)12; even contact between osteotome and soft tissue
due to accidental slipping may inflict no incisive damage.
However, in a split-mouth study of 26 sinus lifts randomly
assigned to execution with ultrasonic and rotary instru-
ments, Barone et al.34 perforated the schneiderian mem-
brane more frequently with the ultrasonic osteotome (4 vs.
3 times), though the difference was not statistically
significant.

Other aspects of ultrasonic osteotomy that have been
noted in papers on sinus lift include the advantages of

Fig. 2. Ultrasonic osteotomy of the maxilla in a sinus lift
procedure.
improved visibility and the possibility of more conser-
vative cuts,15 and the disadvantage that the procedure
was lengthier with the ultrasonic osteotome than with
conventional instruments,34 though again the difference
was not statistically significant.

Alveolar ridge expansion. Vercellotti36 reported that
ultrasonic osteotomy allowed single-session alveolar
ridge expansion and implant placement, and that im-
plants could be placed in previously inaccessible loca-
tions. Blus and Szmukler-Moncler,22 who used both
Mectron and Resista osteotomes, placed 228 of 230
planned implants in 57 patients, with a successful os-
seointegration rate of 220 out of 228 (96.5%) at second-
stage surgery and no failures among osseointegrated
implants after follow-up times of up to 36 months (me-
dian �10 months); although no statistical analyses were
performed to support comparisons, these authors re-
ported that ultrasonic ridge expansion technique was
learned more quickly than conventional techniques, and
that the Resista osteotome was more efficient than the
Mectron instrument, especially in type IV bone, be-
cause of its wider frequency range and greater power.
Enislidis et al.37 presented a new approach to ridge
splitting in the mandible. It is based on surgery in 2
steps, with a delay of �40 days between them and
using the ultrasonic osteotomy at first, with good re-
sults. Finally, Stübinger et al.33 described ultrasonic
ridge splitting as easier and safer than conventional
methods, but also as more time consuming.

IAN positioning and vulnerability. Ultrasonic osteot-
omy was first used to reposition the IAN in 2005, by
Bovi,39 whose case report mentions better surgical ap-
proach, lower risk of damage to the nerve, and the
reduction of mental nerve stretching through the use of
a smaller window and apicocoronal instrument inclina-
tion to capture the neurovascular bundle, a method that
is impossible with conventional instruments. In subse-
quent case series,33,40,49 ultrasonic osteotomy has been
described as minimally harmful in IAN lateralization
and transposition, which was referred to as one of the
major indications for this technology.

Orthognathic surgery. Geha et al.41 reported that
IAN integrity was respected in 20 bilateral mandibular
sagittal split operations, with 75%-80% recovery of
neurosensory function within 2 months. Landes et al.42

reported that, at 3-month follow-up, IAN sensation was
retained in 95% of 50 patients who underwent predom-
inantly ultrasonic orthognathic surgery acompared with
85% of 86 for whom wholly conventional techniques
were used (P � .0003), with less intraoperative blood
loss (P � .001) and no significant increase in operation
time. Others have reported 2-month sensory normal-
ization rates of 43%43 and 82%.44 Landes et al.42

stressed that the precision of ultrasonic osteotomy

should allow the design of osteotomies that maintain
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bone contact or interdigitation after repositioning,
thus minimizing the need for osteofixation.

Bone harvesting (Fig. 3). Stübinger et al.16 reported
excellent postoperative healing of ultrasonically har-
vested canine eminence bone used for sinus lift, but
also noted the need for a longer operation time. Good
average graft size and healing were also observed in a
series of 40 cases of ultrasonic bone harvesting from
the mandibular ramus.46 Other reported advantages of
ultrasonic bone harvesting include better access and
surgical control, with the consequent avoidance of
hammer blows and reduction of fracture risk,40 a cut-
ting geometry that is more versatile and precise than in
conventional methods,33 and less vibration and noise,
with consequent minimization of psychologic stress to
the patient.47 Although in most bone grafts for implant
preparation the need for general anesthesia is avoided
by harvesting bone intraorally, from the chin bone and
the upper mandibular ramus, ultrasonic osteotomy has
recently been used to harvest from the zygomatic-
maxillary region, which because of appropriate bone
shape is advantageous for anterior maxillary implant
preparation.45,48

Alveolar distraction osteogenesis (Fig. 4). As in the
applications discussed above, the use of ultrasonic os-
teotomy in both mandibular50 and maxillary51 alveolar
distraction osteogenesis has been reported to allow
precise osteotomy with excellent surgical visibility and
low risk to soft tissue, including the IAN and lingual
periosteum. However, although a recent small compar-
ative study52 confirmed that the surgical complexity of
ultrasonic osteotomy (6 patients) was less than that of
conventional procedures (11 patients) and that the in-
cidence of intraoperative complications was lower, it
also found that the postdistraction morphology of the
alveolar ridge at implant placement was worse in the

Fig. 3. Ultrasonic osteotomy of the mandible in a bone-
harvesting procedure.
ultrasonic group, and that the overall rehabilitation suc-
cess rate was only 66.7% compared with 100% among
conventionally treated patients.

Others. Cases have been reported in which ultrasonic
osteotomy has been used successfully for impacted
canine exposure,38 the removal of tissue in the vicinity
of the IAN,16 periodontal surgery,30 and the removal of
osseointegrated implants.40,53

Other relevant surgical reports
Doubtless due to the already well established use of

ultrasound for periodontal scaling, ultrasonic osteot-
omy has been most extensively tested in the fields of
oral surgery and implantology on which this review
centers. However, reports on its incipient application in
other surgical areas are also relevant to its evaluation
for oral surgery. For example, Hoigne et al.18 found that
it allowed highly precise incision of metacarpal bone,
with good healing and no neurovascular involvement,
and although operation time was slightly longer than
with an oscillating saw, the possibility of curved cutting
constituted a distinct advantage over the latter. Similar
results have been obtained in otologic surgery19 and in
cranial and spinal surgery,17,29,57,58 where it avoided
damage to the dura mater and, because of its precision,
allowed novel bone manipulation procedures with
overall saving in surgical time.

Experimental studies
Several authors have published the results of experi-

mental studies carried out in preparation for the clinical
trial of ultrasonic osteotomy. For example, Kotrikova et
al.17 found that in experiments with bovine long bone
an ultrasonic osteotome not only cut compact cortical
bone 5 times slower than a Lindemann bur (though

Fig. 4. Ultrasonic osteotomy of the mandible in an alveolar
distraction osteogenesis procedure.
faster than an oscillating saw), but also caused a greater
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increase in temperature, 8.2°C compared with 3.9°C
(1.8°C with the oscillating saw), although no coagula-
tion necrosis was observed during subsequent clinical
application. Regarding the need for presurgical train-
ing, Khambay and Walmsley23,24 reported that an ul-
trasonic chisel required more time and less applied
force to cut fresh bovine femur than did a rotary bur. In
experiments on IAN repositioning using dead sheep
jaws, Metzger et al.59 found that affected bone surfaces
were less smooth with an ultrasonic osteotome than
with a rotary diamond bur, that bone particles were
more numerous and defects deeper (150 �m compared
with 50 �m), and that epineurium lesions also occurred,
although deeper structures were not affected if the IAN
was touched; it was concluded that the ultrasonic tech-
nique was more invasive to bone but less risky for the
nerve. In contrast, Sun et al.60 observed no microcracks
around the edge of an incision made in an anesthetized
dog’s rib and Maurer et al.61 reported that, unlike
conventional osteotomy, ultrasound preserved the vis-
ible distinction between cortical and cancellous rabbit
skull bone, and that the roughness of ultrasonically
osteotomized bone surface was significantly less than
that of bur-osteotomized surface.

Several published experimental studies have exam-
ined the consequences of ultrasound for subsequent
bone regeneration. Sura et al.62 reported that cultures of
osteoblasts from rat parietal cortex exhibited dimin-
ished viability for at least 20 hours after exposure to
ultrasound. However, Chiriac et al.63 found that ultra-
sonically obtained cortical bone chips were larger than
chips obtained with rotary burs and did not differ sig-
nificantly from the conventionally obtained chips re-
garding the time required for cell proliferation and the
differentiation of osteoblasts; and Vercellotti et al.64

reported that in periodontal resection experiments on
dogs, bone had increased 8 weeks after ostectomy/
osteoplasty with ultrasound, but had decreased if car-
bide or diamond burs had been used. At a more basic

Table II. Main advantages and disadvantages of ultras
Advantages

Minimal risk to soft tissue, which vibrates without fracture in con
Excellent visibility within the surgical field, due in part to minima

irrigation solution into an aerosol and removes osteotomic detr
Precise cutting thanks to limited vibration amplitude (max. 200 �

tasks.
Geometric cutting. Possibility of curved cuts.
Low acoustic and vibration impact on patient.

Disadvantages
Slowness. Cutting very dense bone with ultrasound can take up to
Tip breakage. The frequency of tip breakage makes it necessary t
Higher cost. Ultrasonic osteotomy equipment is currently more ex
level, Perfetti et al.65 observed that, 30 minutes after
surgery, bone obtained by ultrasonic osteotomy had a
lower alkaline phosphatase level than bone obtained by
rotary drilling; and Preti et al.66 found that bone around
titanium implants set in minipig tibias exhibited fewer
inflammatory cells, lower proinflammatory cytokine
levels, an earlier increase in bone morphogenetic pro-
tein 4 and transforming growth factor �2, and more
active neo-osteogenesis 7 weeks after surgery if the
bone had been prepared by ultrasonic osteotomy than if
conventional drilling had been used. Finally, Kerr et
al.67 recently reported that ultrasound treatment (10 20
minute sessions over 4 weeks) had no significant influ-
ence on alveolar bone loss after tooth extraction.

DISCUSSION
Reported specific advantages and disadvantages
of ultrasonic osteotomy (Table II)

Advantages. The primary advantage of ultrasonic os-
teotomy, mentioned repeatedly by numerous authors, is
the low associated risk to adjacent soft tissues, notably
the IAN, the periosteum, the schneiderian membrane,
and oral mucosa. Secondly, surgical accuracy is facil-
itated by good visibility in the surgical field,15,43,46,50

which is a consequence of both decreased bleeding42

and the evacuation of detritus by the coolant solution
being optimized by the cavitation effect. Thirdly, ultra-
sonic cuts have been reported to be more precise21,57

and to cause less splintering at the margin of the inci-
sion,18,47 both of which advantages derive not only
from the ultrasonic cutting mechanism per se, which
avoids the “macrovibrations” associated with the use of
rotary instruments, but also from the small tip size and
ample choice of tip shape that it allows; this advantage
may be especially prominent in precision procedures per-
formed with the aid of optical magnification. Fourthly, the
ultrasonic osteotome allows curved cuts that are impossi-
ble with rotary or oscillating saws18; this advantage may
be especially of interest in bone surgeries where a
particular geometric design of the osteotomy is re-

steotomy

th the osteotome tip.
ing and in part to the cavitation effect, which converts the

the design of osteotome tips for specific surgical situations and

s longer than with a rotary bur.
tain a stock of tips.
e than mechanical osteotomes.
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tact wi
l bleed

itus.
m) and

4 time
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quired. Finally, the ultrasonic osteotome produces
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much less noise and subjective sensation of vibration
than do rotary instruments, which reduces the psycho-
logic stress on patients under local anesthesia.47

Disadvantages. The main disadvantage of ultrasonic
osteotomy that is mentioned by a number of authors is
its slow cutting rate,17,23,29 or equivalently its poor
efficiency,40 at least compared with conventional os-
teotomy: Cutting times up to 3 or 4 times longer have
been reported for some oral procedures.44 Although
cutting time tends to decrease as the operator gains
experience,44 this slowness—partly due to the need to
pause to allow cooling—can be particularly striking in
the case of the dense cortical bone that is cut in proce-
dures such as bone graft harvesting, alveolar distraction
osteogenesis, and alveolar ridge expansion.28,29 It has
been recommended that for deep cuts it is preferable for
initial incision with ultrasound to be followed by the
use of a manual chisel.29 However, other authors have
noted no such increase in cutting time,42 and total
surgical times are either not so much longer as to pose
a serious problem or are actually shorter because of less
time-consuming pre- or postosteotomy procedures.44,58

Moreover, cutting efficiency can be increased by ap-
plying more ultrasound power, if available, although
there is a trade-off between cutting efficiency and the
risk of thermal bone damage that must be taken into
account in the adjustment of operating technique.22

Perhaps the main point to be aware of regarding cutting
efficiency is that the harder the bone, the greater the
likelihood that the osteotome tip will break; care must
therefore be taken to maintain a sufficient stock of tips.

Some authors have regarded it to be a disadvantage
of ultrasonic osteotomy that the required operating
technique differs from that of conventional osteotomy,
and that its acquisition may take some time,24,44 al-
though opinions differ.27 However, it has also been
reported that it takes considerably less time to master
the ultrasonic osteotome than the rotary saw or manual
chisel.22

Apart from the above possible disadvantages, ultra-
sonic osteotomy also, of course, shares with ultrasonic
scaling a number of possible complications and adverse
side effects that must be borne in mind, including the
possibility of intravascular thrombosis and surface co-
agulation due to heat.68-72 The risk of these effects may
be greater in the case of ultrasonic osteotomy because
of its greater power requirements, especially when it is
applied to poorly vascularized bone such as jaw.

CONCLUSION
The intraoperative advantages of ultrasonic osteot-

omy seem to be well established: visibility of the sur-
gical field, precise control of cuts, and, above all, low

risk to adjacent soft tissue. However, its poor capacity
to cut dense bone is also well established, and its
performance regarding postoperative bone regeneration
is still unclear and will require further evaluation in
appropriately sized studies. Although experimental in
vitro and in vivo studies have mainly suggested that
bone regeneration after ultrasonic osteotomy is no
worse than after conventional osteotomy, experience of
its use in alveolar distraction osteogenesis has been
disappointing. At present, it therefore seems wise for
decisions on whether to use ultrasonic or conventional
osteotomy to be based on the principle of minimizing
the risk of the most likely serious complications, as
follows.

Where there is a significant risk of damage to nerves
or other soft tissues of major importance, and bone cuts
are to be relatively shallow, ultrasonic osteotomy may
be the technique of choice. Indeed, it may prove to be
of greatest value for surgery of the cranium, neck, and
spine rather than oral surgery. Risk is of course in-
creased when a surgeon must undertake a procedure of
which he or she has little experience.

Where soft tissue damage is less likely, or less likely
to constitute a severe complication, and where the
osseous postsurgical neoformation is decisive at the
osteotomy site for the success of the surgery, it may be
more desirable for a professional with sufficient exper-
tise to guard against bone regeneration failure by using
a conventional technique.

Finally, it should be borne in mind that the combined
sequential use of ultrasonic and conventional tech-
niques may be more effective overall than any one
approach by itself, as has already been found in some of
the case reports in the literature reviewed.
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