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Abstract

Osteotome-assisted lateral bone expansion and con-
densation with immediate dental implant placement is
good for the purpose for which it was introduced, and its
advantages include reduced surgical trauma and a shorter
treatment time. Ridge expansion technique using oste-
otomes can be used to gradually expand the ridge by taking
advantage of the slight increases in diameter of the oste-
otomes. This will improve the ridge topography by widen-
ing the osseous ridge as the larger diameter osteotomes
are sequentially inserted into the osteotomy site opening
created by the previous instrument. By using increasingly
larger osteotomes the ridge can be expanded and allow for
the placement of an adequate width implant. This chapter
describes the use of osteotome assisted bone expansion
of atrophic ridge in patients with narrow alveolar ridge
width. Expansion of the bone would routinely occur la-
bially, compensating for the original dimensional loss of
bone, Thus, bone manipulation enables one to recontour
the bone in the direction of its loss, place the implant in a
position closer to that of the original tooth socket, and ul-
timately restore normal root morphology planned to sup-
port the restorative crown.

Introduction

Dento-alveolar bony defects are very common and
poise a significant problem in dental treatment and re-
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habilitation. Reconstruction of dento-alveolar bony de-
fects using minimally invasive techniques would greatly
enhance the success and patient acceptance of this area
of reconstructive surgery. Over the past three decades,
great strides have been made in the field of alveolar bone
preservation and augmentation. Reviews of the literature
identify many techniques and materials that have been
used successfully to obtain esthetically and functionally
acceptable alveolar ridge for successful implant [1]. The
alveolar ridge revealing knife-edge morphology or non
space-maintaining defects usually requires a local alveo-
lar ridge expansion procedure. In such situations the ridge
may be expanded by splitting [2] or spreading [3, 4] of
the bone, resulting in a sufficient width for implant bed
preparation. Summers in 1994 modified this procedure by
developing a special osteotome technique and a set of in-
struments [5]. The osteotome set consists of matched and
tapered hand instruments which create implant sites by
widening the ridge and condensing the bone in lateral and
apical directions. The tapered osteotomes allow for mini-
mal heat generation, greater tactile sensitivity, faster and
larger bone apposition by compressing the bone laterally
and thus creating a denser interface for the implant to be
placed [6,7]. Several bone volume and defect classification
systems have been proposed and developed. Characteris-
tic bone volume changes after tooth loss were evaluated in
the mandible by Atwood [8,9]. A maxillary alveolar pro-
cess of resorption for mandible was presented by Misch in
2008 [10].
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Another classification was proposed by Cawood and
Howell [11]. The dental implant approach to different vol-
umes is more specific than the Atwood classification per-
mits, and as such, several bone volume classifications for
implant dentistry have been developed. Weiss and Judy
developed a classification of mandibular atrophy and its
influence on subperiosteal implant therapy in 1974 [12].
Louisiana State University and Kent presented a classifica-
tion of alveolar ridge deficiency designed for alloplastic
bone augmentation in 1982 [13]. Another classification
was proposed by Zarb and Lekholm in 1985 for residual
jaw morphology with the insertion of Branemark fixtures
[14]. In 1985 Misch and Judy established four basic divi-
sions of alveolar bone for implant dentistry in the maxilla
and mandible, which follow the natural resorption phe-
nomena represented by Atwood [15,16].

Alveolar ridge defects are classified according to their
three-dimensional morphology form, severity, and extent
[17]. A defect limited exclusively to the bucco-lingual di-
rection with normal ridge height has been classified as a
class I or class B defect. A bone loss running in the apico-
coronal direction only was described as a class II or class
A defect. The defect that exists in both axes, i.e., a com-
bined vertical and horizontal defect, has been character-
ized as a class III or class C defect and has a combination
bucco-lingual and apico-coronal resorption of alveolar
bone resulting in loss of ridge height and width [18]. The
extent of alveolar ridge defect considered mild if less than

.
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4 mm, moderate when 3 to 6 mm, and extensive when
greater than 6 mm [19]. Various bone augmentation tech-
niques have been employed to reconstruct these different
ridge defects. The predictability of the augmentation pro-
cedures depend on the horizontal and vertical extents of
the defect.

Classification of Alveolar Ridge De-
fects

Alveolar ridge defects are classified according to their
three-dimensional morphology form, severity, and extent
[20].

I- A defect limited exclusively to the bucco-lingual di-
rection with normal ridge height has been classified as a
class I or class B defect.

I1- A bone loss running in the apico-coronal direction
only was described as a class II or class A defect.

III- The defect that exists in both axes, i.e., a combined
vertical and horizontal defect, has been characterized as a
class III or class C defect and has a combination bucco-
lingual and apico-coronal resorption of alveolar bone re-
sulting in loss of ridge height and width [21] (Figure 1).

The extent of alveolar ridge defect considered mild if
less than 4 mm, moderate when 3 to 6 mm, and extensive
when greater than 6 mm [22].
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Figure 1: Classifications of alveolar ridge defects.
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Classifications of Bone Density

Various classifications of bone density have been

proposed in literature in order to simplify understanding
(Figure 2):

Misch CE described four bone densities found
in the edentulous regions of the maxilla and the
mandible based on macroscopic cortical and tra-
becular bone characteristics. D1 bone is primarily
dense cortical bone, D2 bone has dense to thick
porous cortical bone on the crest and coarse tra-
becular bone underneath, D3 bone has thinner
porous cortical crest and fine trabecular bone
within and D4 has almost no crestal cortical bone
and fine trabecular bone composes almost all of
the total volume of bone [23].

Based on clinical hardness of bone as perceived
during drilling prior to implant placement Misch
CE categorized the bone density into four groups.
Drilling and placing implants in D1 has the tactile
analogue of oak or maple wood. D2 bone is simi-
lar to the tactile sensation of drilling into spruce
or white pine wood. Drilling into D3 bone has the
tactile analogue of balsa wood. D4 bone is similar
to drilling into styrofoam [24].

Misch CE, Kircos LT classified the bone density
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into five groups based on number of Hounsfield
units (HU). D1 corresponds to values greater than
1250 HU, D2 has 850-1250 HU, D3 refers to den-
sity within 350-850 HU, D4 has 150-350 HU and
D5 less than 150 HU [25]. D1 is primarily found
in the anterior mandible, buccal shelf and midpal-
atal region. D2 is found primarily in the anterior
maxilla, the midpalatal region and the posterior
mandible. D3 is found primarily in the posterior
maxilla and mandible. D4 is found primarily in
the tuberosity region [26].

Figure 2: Classifications of bone density.
Pattern of Bone Loss

The alveolar bone loss is known to occur at a rapid
rate during the first year after tooth extraction and may
continue for years. Within the first year of the tooth loss
there’s a 25% decrease in the width of the crestal bone
and a 40% decrease in the bone width occurs within the
first 1-3 year after tooth extraction, resulting in a labial
plate of bone that is located lingual of its original location
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(Figure 3) and (Figure 4) [27]. Bone volume changes af-
ter tooth loss were evaluated in the mandible by Atwood.
The posterior mandible resorbs at a rate approximately 4
times faster than the anterior mandible. Resultant nar-
row ridge is often inadequate for many 4 mm wide root
form implants. Preservation or recontouring of the labial
appearance of the alveolar process is one of the keys to
optimal implant esthetics and a long-term result. To re-
establish ridge architecture to sufficient height and width
seems only natural before implant placement in the avail-
able edentulous ridge area, if the goal is to create biologi-
cally sound replicas of natural teeth meeting the demands
of their original form and function [28].
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3(b)

3(c)
Figure 3: Defect limited exclusively to the bucco-lingual direction
with concavity due to bone loss.

N
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Inadequate Ridge Width

Ridge width affects many of the parameters of the final
restorations, which can easily be overlooked without care-
ful preoperative planning. Edentulous alveolar ridges less
than5 mm. wide require horizontal augmentation or hori-
zontal expansion of the available bone for the placement
of endosseous implants in order to produce the necessary
quantity of bone of at least 1 mm around the implants and
to guarantee long-term osseointegration (Figure 4).

4(a)
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4(b)
Figure 4: Defect at the bucco-lingual direction with jaw mapping
demonstrating the thickness of the bone and soft tissue (blue high

light).

N
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If the ridge width is not adequate following problems
can occur:

» Leaving a thin labial bone plate at the time of im-
plant placement can lead to exposure of the im-
plant after the slightest of resorption.

« A labial dehiscence of bone may contribute to fu-
ture implantitis or an unesthetic metal showing
through the gingiva.

o Undercuts found on the labial alveolar bone, give
rise to off-axis loads and a less than perfect emer-
gence profile.

To overcome all these problems the deficient sites are
either grafted or enhanced by different means. Numerous
procedures have been devised to compensate for a defi-
cient ridge width:

Various treatment options devised over the years [29]
for Inadequate ridge width are:

1. Increase width by osteoplasty.

2. Utilize narrower diameter implants.

3. Increase width by augmentation [30].

4. Bone expansion.

5. Ridge splitting [31].

6. Horizontal distraction osteogenesis [32].
—
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Lateral Bone Expansion

Definition

Bone expansion can be defined as the manipulation
of the bone to form a receptor site for an implant without
the removal of any bone from the patient [33]. Many peo-
ple incorrectly believe that bone is hard and unbendable.
However Living bone is much softer and can be stretched
open, making the concept of bone expansion possible.
Through serial use of graduated series of bone expansion
devices with a cylindrical instruments and tapered tip and
an appropriate diameter to widen the implant bed can be
slowly expanded to increase their width (Figure 5).

Figure 5: Osteo-condensation with series of bone expansion devices
with a cylindrical instruments and tapered tip and an appropriate di-
ameter to widen the implant bed.

N
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Bone Condensation

The bone-condensing technique was introduced to
increase primary stability of dental implants in the pos-
terior maxilla. This implant site preparation technique
involves the use of implant-shaped instruments (bone
condensers) by which the bone is compressed apically and
laterally rather than removed. Bone condensing preserves
as large a volume of existing maxillary bone as possible
and increases its density so as to optimize the primary sta-
bility of implants in low-density bone [34]. Condensation
significantly increases bone density in apical peri-implant
area in relation to standard surgical technique [35].With
osteotomes, Type D4 bone can be changed into Type D3
or Type D2 bone. Type D3 bone can generally be compact-
ed to resemble Type D2. The following steps are involved
when condensing bone with the osteotome technique.

Osteotome- Assisted Lateral Bone Ex-
pansion and Condensation

The word osteotome is derived from the Latin words
‘osteo, meaning bone and ‘tome;, meaning to incise or cut.
In the field of implant dentistry Dr. Hilt Tatum coined the
word in the early

1970s to describe a special set of hand instruments
developed to form or shape bone in preparation for the re-
placement of dental implants. This bone expansion tech-
nique addresses the natural resorptive pattern of the pre-

maxilla. Resorption from the buccal aspect often results in
I
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inadequate ridge width for ideal implant placement. The
ridge is often wider at the crest, with a labial undercut at
the midroot area (Figure 6).

6(a)
6(b)
N
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6(c
Figure 6: Graphic representation( o)f coronal section showing hori-
zontal bone loss then with 2 mm pilot drill then use of progressive
tapered osteotome to condense and manipulate the crestal bone, in-
creasing the horizontal dimension.

The bone is mostly trabecular in nature with a thin
layer of cortical bone on the labial and crest of the ridge.
The palatal wall is dense cortical bone. By using specially
designed instruments, it is possible to treat premaxilla
without soft tissue reflection through an incision that is
3 mm long. This technique, in combination with modern
restorative materials and concepts, can produce restora-
tions that rival the esthetic results of alternative treat-
ments, bone grafting, or soft tissue manipulation [36].
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Osteotome Technique with Immedi-
ate Implant Placements

At the time of surgery, the patient was prepared in
a sterile environment. Preoperative antibiotics were pre-
scribed to the patient prior to surgery. With the patient
under local anesthesia, a full-thickness flap was elevated
using a mid-crestal incision and 2 buccal and palatal inci-
sions (Figure 7).

7(a)
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mm to allow for complete insertion of the full length of
the 10-mm implant plus 1 mm for bone remodeling. A
depth gauge was used as distance indicator to determine
the length of the preparation (Figure 8).

7(b)
Figure 7: A full-thickness flap was elevated using a mid-crestal inci-
sion and 2 buccal and palatal releasing incisions.

8(a)

This revealed further bone concavity on the buccal as-
pect (Figure 3). The bone was accessed and marked with
a round bur. Prior to the use of the osteotome technique;
the bone quality was determined clinically by drilling with
a 2.2-mm-diameter pilot twist drill to a depth of 11-12

I S
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8(b
Figure 8: A depth gauge was use(g a)s distance indicator to determine
the length of the preparation.

To improve the bone density and primary stability,
bone condensation was attained through radial reinforce-
ment using series of bone condensation devices with a ta-
pered tip and an appropriate diameter 2.2 mm to 3.5 mm
to widen the implant bed (ITI osteotome instruments for
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bone condensation, Institute Straumann, Basel, Switzer-
land). Extreme care was taken to proceed with the oste-
otome technique as slowly as possible. Because there was
a degree of resistance, the ridge was allowed to spread for
30 to 60 seconds with the osteotome left in place before
the next-size-larger osteotome was used, and it is impor-
tant to leave the osteotome in place for approximately 1
minute to allow for flexure of the bone while compressing
the buccal and palatal bony plates simultaneously (fig. 4).
This is important because the bone needs time to accom-
modate to the expansion. Tactile sensation is an essential
part of this ridge expansion process, particularly during
the insertion of the next larger sized osteotome. It should
be stressed that rapid expansion and denser bone would
result in a fracture of the buccal bone plate and should be
prevented as much as possible (Figure 9) otherwise, Guid-
ed Bone Regeneration (GBR) will be appropriate for such
cases with autogenous bone graft can be taking from the
same implant socket (Figure 9 A through E).
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9(a)

9(b)
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9(e)
Figure 9: A. The final diameter of the implant bed was established and
the crestal bone thickness reached less than 6.35 mm bucco-lingually,
B. Rapid expansion and denser bone would result in a fracture of the
buccal bone plate, C. Autogenous bone graft can be taking from the
same implant socket, D. Collected in surgical dapping dish, E. The au-
togenous bone graft was used to fill the gap after osteotome technique
with immediate implan tplacement.
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The osteotomes were inserted and removed along a
straight path (Figure 10) [5].

10(a)

10(b)

Figure 10: The osteotomes were inserted and removed along a straight
path and mesiodistal direction to reduce the stress on the buccal and
lingual bone plate.

N
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Because the bone quality was subjectively judged to
be Type II or I1I and the concavity was on the buccal side,
the decision was made to condense the bone laterally and
expand it vertically to prevent the ovalization of the im-
plant bed in the limited residual bone. After the final di-
ameter of the implant bed was established and the crestal
bone thickness reached 6.35 mm or more, based on the
implant diameter and consider a minimum of 1 mm of
bone around the implant (Figure 11).

11(a)
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11(b)

Figure 11: After the final diameter of the implant bed was established

and the crestal bone thickness reached 6.35 mm or more, based on the

implant diameter and consider a minimum of 1 mm of bone around
the implant.

Endosseous implant will be placed immediately after
the bone expansion was completed (Figure 12).
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12(a)

12(b)

Figure 12: Endosseous implant will be placed immediately after the

bone expansion was completed.

30
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Leaving the osteotomy slightly narrower than the di-
ameter of the implant allowed the implant to self-tap and
achieve good primary stability.

Gentle manual turning of the implant facilitated its
insertion to the required implant height and achieved pri-
mary stability.

Figure 13 demonstrated the intraloral view after 6
weeks of healing with good soft-tissue healing and oste-
otome-assisted lateral bone expansion and condensation
with immediate dental implant placement with good in-
tact alveolar ridge.

13(a)
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13(b)
Figure 13: Intraloral view after 6 weeks of healing with good soft-
tissue healing and intact alveolar ridge. 14(a)

Figure 14 shows the amount of bone expansion
achieved and good esthetic results obtained with the pros-
thesis was achieved in place (Figure 14). Periapical X-ray
had been taken after implant placement, and one-year of
implant’s functional loading which showed the amount of
bone resorption one-year of implant’s functional loading
(Figure 15) [36].
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14(b)

Figure 14: Final prosthesis in place.
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15(b)
Figure 15: Preiapical radiograph showing the implant and surround-

ing bone after the restoration and functional loading of the implant.
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Benefits to Use Sandblasted, Acid-
Etched, and Active (SLA active) Screw-
Type ITI Implant (Straumann Schweiz
(Basel, Switzerland)

According to Marinucci et al [37] and others [38-42]
this surface treatment is biocompatible, allowing the at-
tachment, proliferation and differentiation of osteoblasts,
thus optimizing osseointegration and enhancing the clini-
cal function of implants. In addition, the compression of
bone to improve bone density has been successfully uti-
lized in reconstructive surgery [43]. With modifications,
this method has been introduced to dental implantology.
The use of the osteotome technique has been investigated
in clinical studies with emphasis given on the survival rate
of the implants [44-49]. This is in accordance with Ernesto
and Anitua [50], where they reported that previously com-
plex sites having narrow buccolingual width that needed
ridge augmentation prior to implant placement with the
subsequent hazards of bone grafts and membranes, can be
treated with one stage approach provided that adequate
stability is achieved. Thus, continuous efforts have been
made to develop “tissue compatible” implants, which are
compatible with the surrounding host tissues to assure the
development of a bone metal interface. In addition, differ-
ent researches were introduced to improve bone density
and the quality of the implant site to obtain higher osse-
ointegration percentages [51].
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In addition to thread engagement, body design and
surface roughness help to provide a frictional interface
with the receptor site, this inturn, will assist in mechanical
retention by facilitating bone ingrowths during osseointe-
gration [52]. Numerous investigators have reported that
SLA rough surfaces of the ITI implants, obtain a stronger
bone anchorage when compared with smooth titanium
surface and can also positively influence cellular and tis-
sue responses to implants [53-59]. A positive correlation
exists between implant surface roughness and the degree
of initial and long-term mechanical fixation [52, 60]. The
macro and micro roughness, and the performance of the
rough SLA surface is superior to smooth surfaces with
respect to bone contact levels, removal torques and mi-
cro-texture (due to the acid etching) of the implant. It has
been found to osseointegrate even under immediate, full
occlusal loading conditions [61-63].

It is remarkable that implant surface is as much im-
portant as the surgical technique in clinical survival rate.
Experimental data showed that new implant surfaces,
such as the SLA (Sandblasted, Large grit and Acid etched);
promote greater osseous contact at earlier time points [64-
66]. Due to the amount of bone resorption (dent-alveolar
defect) for this clinical case we can figure out the impor-
tance of an atraumatic tooth extraction and immediate or
early implant placement into extracted socket [67].
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Comparison of Osteotome Technique
with Conventional Implant Placement
with Burs

Different studies showed an animal histologic study
compared the osteotome technique to conventional im-
plant placement with burs in 52 New Zealand white rabbits
using 104 implants placed in the distal femoral condyles
[51]. The implants were studied after 2, 4, and 8 weeks
of placement. The authors concluded that the osteotome
technique increases new bone formation and leads to an
enhanced osseointegration of dental implants in trabecu-
lar bone. In a multicenter study, this technique has shown
success rates as high as 96% [68]. Another study evalu-
ated sinus elevation along with the osteotome technique
in a longitudinal radiographic study and concluded that
the osteotome technique represents a substantially less-
invasive alternative for predictable implant installation in
maxilla [69]. Initial stability of the implant was attained by
lateral condensation. The lateral condensation technique
performed using a series of osteotomes promotes better
initial stability . The quality of bone with a dense cortical
plate increases the initial stability. In addition to thread
engagement, the body design and surface roughness of the
implants provided a frictional interface with the recep-
tor site to assist in the mechanical retention by facilitat-
ing bone ingrowth during osseointegration [70]. Buchter

et al compared the influence of the osteotome technique
N
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on the osseointegration and biomechanical behaviour of
cylinder implants (SLA, ITI) with a conventional prepara-
tion of the implant site in an animal mode (six Gottinger
minipigs). They conclude that the decreased implant sta-
bility by using the osteotome technique is based on micro-
fractures in peri-implant bone. Therefore, Considerable
care needs to be taken in their use due to the possibility
of uncertain amount and direction of force being exerted
towards the apex [71]. Lateral condensation technique by
series of osteotomes helps in attaining better initial sta-
bility [52,72,73]. The quality of bone with a dense corti-
cal plate may also aided in providing the initial stability.
Strietzel et al. reported in their study that the use of the
osteotome technique in good quality bone (types 1 and 2)
produces more bone resorption than the standard tech-
nique [64]. This may be due to the higher forces for bone
compression applied in the compact bone. If much force is
used to insert implants, the trauma on the bone will cause
more bone resorption and osseointegration will take more
time [56].

Advantages of Osteotome Technique
over the Traditional Graded Series of
Drills

 Dirilling removes bone. When adequate quantities
of dense bone are available, this is not a problem.
But when the alveolar bone is compromised in
quality or quantity, the need is to preserve the re-
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maining bone and improve its quality. This tech-
nique retains the total bone mass.

It is an alternative to block grafting in select cases
to increase the ridge width for implant placement.

Allows immediate placement of implants in nar-
row ridges at the time of expansion.

Osteotomes take advantage of the fact that bone is
viscoelastic and can be compressed and manipu-
lated. Compression creates a denser bony inter-
face with increased bone to implant contact and
therefore good initial stabilization of the dental
implant.

Heat is a major detriment to osseointegration, but
the osteotome technique is an essentially heatless
and therefore should not destroy the viable bone-
forming cells.

This technique also allows for greater tactile sen-
sitivity.
It is minimally invasive and cost effective.

Faster prosthetic restoration is possible.

www.academicreads.com
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Comparison of Bone Expanders by
Motorized Expander Drills and Oste-
otome Kit

The osteotomes are used almost exclusive for the
compaction of type IV and V bone, as well as for the sum-
mer atraumatic sinus lift. The osteotome kit works some-
times through hammer taps also seems to be excessively
traumatic for the patient, because in most cases we found
thick cortical plates and type II bone with a cortical layer.
Different studies showed the limitation of the osteotome
technique compare to Microdent threaded expanders that
it is mainly designed for the maxilla. Additionally the
“palmheld” design requires considerable force to be used,
which can be intimidating for most clinicians because
there is the risk of too much force been applied with re-
sultant fracture of the osteotomy site [74,75] (Figure 16).
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Figure 16: Microdent threaded expanders that it is mainly designed
for the maxilla.
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Compare the Use of Hand Mallet Ver-
sus Electrical Mallet in Osteotome-As-
sisted Surgery for Lateral Bone Expan-
sion and Condensation in Edentulous
Molar and Premolar Maxillary Regions

The use of magnetic mallet provided essential advan-
tages both for operator and patient in comparison with
hand mallet [76] (Figure 17). During surgical procedure,
magnetic mallet delivered a more precise control of oste-
otome of the entry direction (or directionality) of the tip
into the bone. This is an important concept because bone
is generally formed of parts with different density and that
the expander tends to be deflected when it moves from
a bone part with a specific density to another bone part
with a different density. The handling of the device is very
simple because the mechanical oscillations transmitted to
the osteotome are transmitted without difficulties to the
bone. Furthermore, this procedure improved the patient
comfort avoiding benign paroxysmal positional vertigo
(BPPV).
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17(a)

17(b)
Figure 17: Magnetic mallet and osteotomes.
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Vertical Splitting of the Bone Mandi-
ble which is Alternative for Inferior Al-
veolar Nerve Latinization by Means of
Ostoetomies using Pezioelectrical Sur-
gery Following by Bone Expansion

Redrigues and eldibany evaluated a modified tech-
nique to inferior alveolar nerve laterlization (IANL) that
allows the placement of longer implants in the posterior
mandibular region. Vertical splitting of mandibular body
was performed using piezoelectric surgery followed by
bone expansion and insertion of special conical implants
of 10 and/or 12 mm in length [77]. This is a simple proce-
dure that has no limitation in clinical situation with mini-
mal bone height. It allows for greater implant stability, and
the risk of neurological disturbance is minimal.

Conclusion

Osteotome-assisted lateral bone expansion and con-
densation with immediate dental implant placement is a
gentle technique; offers advantages for patients include
less surgical trauma, a shorter treatment time, and reduc-
ing the need for costly procedures. This technique offers a
viable alternative to bone grafting in select cases for lateral
bone expansion where teeth have been missing for a con-
siderable period of time. Further investigations includ-
ing a large number of patients and considering long-term
evaluation of peri-implant alveolar loss bone are neces-
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sary to enhance the power of the conclusions concerning
use and predictability for this technique.
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