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The objective of the study is to make a comparison between piezo-
electric ultrasound surgery and conventional technique in sinus lifting
procedure with simultaneous implant insertion. Perforations of the si-
nus membrane are more common in direct sinus lifts performed with
rotary techniques than ultrasound, but ultrasound offers better im-

plant survival and bone gain. Piezo surgery sinus lifting treatment gen-
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Introduction

The use of dental implant has become a common treatment
to replace missing teeth [1]. Usually natural resorption occurs
after extraction which causes deficiency in bone volume, thus
augmentation of the alveolar ridge before implant placement
may be needed [2]. Dental implantology at the beginning of the
third millennium can replace tooth defects almost always if they
occur in an adult individual who is willing to cooperate and to
provide a financial contribution there [3]. A patient must have
enough bone in the maxillary and mandibular ridge to support
dental implants to be a candidate for the treatment. Flat palatal
vault, insufficient alveolar height, insufficient posterior alveo-
lus, and greater pneumatization of the maxillary sinus, which
leads to the sinus’s near approach to the crestal bone, are all
anatomic restrictions associated with the posterior maxilla [4].
Maxillary bone, primarily medullary and trabecular, has less
quantity and bone density than the premaxilla or mandible [5].
Compact bone’s adjacent cortices are often relatively thin, of-
fering low strength [6].

Due to resorption and/or loss of buccal bone, there is an ini-
tial decrease in alveolar breadth following maxillary posterior
tooth extraction [7]. An rise in antral pneumatization occurs as

erates less postoperative pain and swelling, while ultrasound enables
precise bone removal with reduced risk of injury or perforation. Piezo
surgery is time-consuming but effective in safe sinus membrane eleva-
tion, reducing perforation risk, and improving patient comfort.

a result of continual bone remodeling, lack of stimulation, and
loss of bone height and density [8]. The maxillary sinus pneu-
matization is caused by progressive hollowing out of alveolar
process of apical aspect mediated by osteoclasts and by in-
crease in positive intra-antral pressure [9]. The remaining verti-
cal bone height is reduced in this case, making normal implant
placement challenging [10].

To adapt, circumvent, and treat this local physiological as
well as anatomical limitation, maxillary sinus floor elevation has
become an important pre-placement procedure in dental im-
plant treatment planning. Various methodologies have evolved
to increase the thickness of maxillary sinus floor. The treatment
goal of all such procedures is to increase residual bone height.

Few of the techniques involve simple minimal elevation of
maxillary sinus membrane, Schneiderian membrane, while
others include placement of various type of grafts including
allografts, autografts, bone morphogenetic proteins, and hy-
droxyapatite crystals [11]. The sinus lift surgery, also known as
subantral augmentation, was created to enhance the amount
of bone in the posterior maxilla. Before prothetic rehabilitation,
sinus floor augmentation has become a common surgery to ad-
just maxillary bone to the needs of endosseous implants [12].
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Several methods have been developed and are currently
used for sinus lifting and augmentation [13]. Caldwell-Luc oste-
otomy is historically the first main technique where the maxil-
lary sinus floor is grafted to provide a sufficient quantity of bone
for the placement of endosteal dental implants [14]. The axial
approach employs the summers osteotomy, which was created
to make the sinus-lift procedure easier by allowing simultane-
ous sinus floor elevation and implantation without the need for
a surgical sinus cavity opening [15]. This approach relies on the
Schneiderian membrane’s innate osteogenic characteristics to
replace the lost millimeters of bone around the implant’s tip.
This less invasive procedure aims to keep the grafting volume to
a bare minimum, generating only the amount of bone needed
for the implants to osseointegrate and anchor well [16]. Implant
stability in the remaining bone height, as in the one-stage lat-
eral sinus lift, is a major concern, and the use of implants with
a microthreaded and/or tapered collar may be a viable alterna-
tive for stabilizing implants in a limited bone volume [17].

The choice of procedure, whether a lateral approach with
the Caldwell-Luc osteotomy or an axial approach with the Sum-
mers osteotomy, is largely determined by the alveolar ridges’
residual bone height [15]. Currently, most simple cases can be
treated with the summer’s osteotomy technique, which implies
less pain and no waiting time between grafting and implanta-
tion. However, the lateral approach offers a better control of the
surgical site, particularly in a severely resorbed maxilla or when
extensive implantation is needed [14]. A third technique, based
on the concept of directed bone regeneration, was recently de-
veloped. A full sinus lift can be accomplished utilising the lateral
method using whole blood as the sole filling material [18]. The
Schneiderian membrane must be pushed to the highest pos-
sible position utilising implant tips as tent pegs, and the im-
plants must be stabilized in the residual bone height (especially
by using implants with tapered and microthreaded collars). This
bone regeneration idea results in a highly natural bone repair
around implants [14]. However, this technique requires a very
skilled surgeon because a perfect sinus membrane lifting with-
out tears is necessary to maintain its osteogenic potential.

Sinus elevation allows maxillary bone augmentation and
thus facilitates implant rehabilitation in patients with severe
posterior maxillary atrophy [19]. In direct maxillary sinus lift a
vestibular osteotomy is performed, a bone window is prepared,
and access is gained to the maxillary sinus for elevation of the
membrane. The bone puncture can be done with a standard
rotary osteotomy drill or with ultrasonic tips [20].

The most common complication when elevating Schneider’s
membrane with the rotary approach is perforation of Sch-
neider’s membrane, which occurs in 10-35 percent of all such
surgeries and usually occurs during the osteotomy drilling
phase while constructing the window for sinus access. Vestibu-
lar osteotomy with ultrasound has been recommended to lower
the risk of perforating Schneider’s membrane, since it reduces
the chance of soft tissue injury and membrane perforation to
7% [21]. Some studies in the literature provide preliminary de-
scriptions of the technique, while others present solitary cases,
which are followed by case series, with no significant differenc-
es between the two techniques being observed [22].

Because of its efficacy in removing calculus, Ultrasound (US)

has been frequently employed in periodontics with favourable
outcomes for root surface decontamination [23]. The idea of
using an ultrasonic device in surgery showing good healing re-
sponse compared to rotary bur [24].

Recently, a new type of ultrasonic device developed by
Mectron Medical Technology known as piezo surgery broad-
ened the possibilities of ultrasound use in clinical practice [25].
Piezo surgery has been employed in dentistry for clinical crown
lengthening, dental extraction techniques, preparation of den-
tal implant sites, maxillary sinus lifting, maxillofacial bone sur-
gery, horizontal expansion of mandibular bone and bone block
collection for autogenous grafting [26]. Recently, piezo surgery
has been used in other fields of medicine, such as orthopedics
(hands and feet), spinal and cranial, due to its excellent cutting
properties [27].

The increasing use of piezo surgery is based on its clinical
advantages, such as precision due to the micrometric amplitude
of the tip oscillation and selective cutting, avoiding soft tissues
damage obtained by the vibration frequency of the tip, such
as nerves, sinus membrane and dura mater [28]. Furthermore,
should be highlighted the excellent visibility during procedures,
since the saline solution used for continuous irrigation in engine
and hydro pneumatic pressure causes a temporary stagnation
of the bleeding for both hard and soft tissues [29].

Today, piezo surgery ultrasonic technology has been wide-
ly used in oral and maxillofacial surgery, otorhinolaryngology,
neurosurgery, ophthalmology, traumatology, and orthopedics
[30]. The introduction of the piezoelectric terminal and its rapid
and widespread use in bone tissue surgery came about because
of the need to surpass limitations enforced using traditional in-
struments [31].

The piezoelectric terminal is extremely useful in cases of
close contact with structures defined as “sensitive,” such as
blood vessels, nerves, and sinus membranes, as well as in cases
where only a slight traumatic effect on the bony structures is
appropriate; thus, the piezoelectric terminal is extremely use-
ful in cases of close contact with structures defined as “sensi-
tive,” such as blood vessels, nerves, and sinus membranes, as
well as in cases where only a slight traumatic effect on the bony
structures is appropriate [32]. Clinical studies and histological
evaluations have shown that for the operator, the piezo surgery
ultrasonic technique is easier, with less force required than ro-
tary hand pieces [33]. It allows for higher precision cuts, with
moving over a spatial range between 60 and 210 m, resulting
in a clearer view of the surgical field because of its control of
bleeding and protecting delicate anatomic structures [34]. Ex-
cellent wound healing of soft tissue injuries has been observed.
Patients have described have less anxiety with ultrasonic instru-
ments in surgery compared with a rotary instrument [33]. From
a morphological point of view, extremely clean, porous surfaces
without fragments have been found to enable immediate bond-
ing with the fibrin, and thus, quicker clinical recovery [31].

Moreover, at histological examination, the cut surfaces
showed no signs of necrosis or pigmentation, and the pres-
ence of vital osteocytes was observed. However, some studies
detected no significant differences regarding the vitality of the
bone tissue between piezoelectric and conventional instru-
ments [35].
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Anatomy of the maxillary sinus

The maxillary sinus is a pyramid shaped cavity with its base
adjacent to the nasal wall and apex pointing to the zygoma [36].
The size of the sinus is insignificant until the eruption of perma-
nent dentition. The average dimensions of the adult sinus are
2.5t0 3.5 cm wide, 3.6 to 4.5 cm height, and 3.8 to 4.5 cm deep.
It has an estimated volume of approximately 12 to 15 cm? [37].

Anteriorly, it extends to the canine and premolar area. The
sinus floor usually has its most inferior point near the first molar
region. The size of the sinus will increase with age if the area is
edentulous [38]. The extent of pneumatization varies from per-
son to person and from side to side. Nonetheless, this process
often leaves the bony lateral and occlusal alveolus paper-thin
in the posterior maxilla [37]. The maxillary sinus bony cavity is
lined with the sinus membrane, also known as the Schneiderian
membrane [39].

This membrane consists of ciliated epithelium like the rest
of the respiratory tract. It is continuous with, and connects to,
the nasal epithelium through the ostium in the middle meatus.
The membrane has a thickness of approximately 0.8 mm. Antral
mucosa is thinner and less vascular than nasal mucosa [37].

The blood supply to the maxillary sinus is primarily derived
from the posterior superior alveolar artery and the infraorbital
artery, both being branches of the maxillary artery [40]. In the
lateral antral wall, there are numerous anastomoses between
these two arteries. The inferior half of the sinus is likewise sup-
plied by the bigger palatine artery [41]. Significant hemorrhage
during the sinus lift technique is uncommon because the blood
supplies to the maxillary sinus come from terminal branches
of peripheral arteries. The posterior superior alveolar branch
of the maxillary (V2) division of the trigeminal nerve provides
nerve supply to the sinus [42].

Bone biology

The alveolar process of the maxilla has a compact cortical
layer with high density and an inner porous cancellous bone
filled with bone marrow [43]. The bone has cylindrical channels
called Haversian canals and contains blood vessels that supply
the bone with nutrition and oxygen [44]. The outmost layer sur-
rounding all compact bone is called periosteum and the inner
surface is called endosteum [45].

The periosteum is more active than the endosteum in the
creation of bones. Sutural, endochondral, and intramembra-
nous mechanisms all play a role in bone development. When
cartilage is replaced by bone, sutural growth occurs at the su-
tural borders, and endochondral bone formation occurs [46].
The mesenchyme is intimately involved in intraamembranous
bone growth in the jaws [47].

Osteogenic cells and osteoclasts are two types of bone cells
with differing roles and morphologies. Osteoprogrenitors, pre-
osteoblasts, osteoblasts, and osteocytes are all osteogenic cells
[48]. Mesenchymal cells are first converted to osteoprogrenitors
and later to preosteoblast cells, which in turn are transformed
to osteoblast cells. The osteoblast cells produce osteoid, a non-
calcified matrix which contains collagen and non-collagenous
protein bone matrix. Osteoblasts also secrete several cytokines
and Bone Morphogenetic Proteins (BMP) [11]. The cytokines
and hormones play a major part in bone healing and lead to
increased bone regeneration. When osteoblasts stop produc-
ing matrix they convert into osteocytes and are trapped in the

calcified bone. Osteoclasts are large multinucleated cells that
resorb bone [49].

Bone healing after graft placement takes place in two phas-
es: Repair with an inflammatory response and bone remodeling
[50]. In the first phase a blood clot is formed in the injured area
where the outer area of the local bone becomes necrotic, and
the capillaries start to develop and further on migration of in-
flammatory cells. This action restores blood flow and after 1-3
days an inflammatory response is active and granulation tissue
is starting to form. The granulation tissue will mature to a col-
lagen matrix and mesenchymal stem cells begin to differenti-
ate into osteoblasts cells forming new bone. During the second
phase, the bone remodels, and is replaced by a more mature
lamellar bone and a complete regeneration of a defect occurs
when all bone is replaced with lamellar bone [51].

Bone graft material

The ideal bone grafting material should have both osteoin-
ductive and osteoconductive properties and be able to Osseo
integrate to the implant surface. These properties vary in differ-
ent bone grafting materials [52]. Osteoinduction is described as
the induction of osteogenesis in primitive, undifferentiated, and
pluripotent cells that are stimulated to become bone-forming
cells via an inductive mechanism [53]. The term “osteoconduc-
tion” refers to the growth of bone on a surface. A surface that is
osteoconductive permits bone to grow on the surface as well as
down into the pits and pores [54].

The grafting material utilised in maxillary sinus floor aug-
mentation is expected to facilitate fresh natural bone growth
with capillary infiltration, as well as the ability to replace the
bone graft material and provide appropriate bone volume to
support the implants [55].

Types of bone graft

Various categories of bone graft materials can be placed in
the maxillary sinus, such as autologous bone, allografts, xeno-
grafts and alloplasts.

Autogenous bone graft

Although autogenous bone grafting remains the gold stan-
dard, clinical results show that it has osteoinductive and os-
teoconductive capabilities, as well as the presence of growth
factors [56]. Intraorally or extra orally obtained autogenous cor-
ticocancellous bone cores can be obtained, however this needs
a second surgical donor site and significant morbidity. During
implant preparation, a bone trap can be utilized to collect bone
debris, with additional bone gathered by drilling near to the
implant sites or harvesting cortical bone chips from the zygo-
matic buttress and lateral sinus wall using a bone scraper before
opening a bony window [57]. Using this method, autogenous
bone can be obtained right next to the surgical site, avoiding the
requirement for a second surgical donor site and the associated
morbidity. Furthermore, the amount of autogenous bone graft
that may be harvested is restricted, and it may not be enough to
repair major osseous lesions [58]. Due to the difficulties of har-
vesting autogenous bone and its scarcity, many surgeons have
turned to bone-graft alternative materials [59].

Allograft

Multiple intraoral uses, including as periodontics (infrabony
defects), oral surgery (extraction sites), and implant dentistry,
have used allograft for grafting (ridge augmentation). Bony tis-
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sue from a donor of the same species is known to contain no
viable cells in allografts [60]. This allograft can be made by de-
mineralizing bone in hydrochloric acid to expose bone morpho-
genetic protein, and it can be deemed to have osteoconductiv-
ity and osteoinductivitiy. Mineralized human bone allograft was
used to enhance atrophic maxillary floors in sinuses of various
sizes, and the results demonstrated that this material promoted
adequate bone growth [61]. Histologic analysis of mineralized
freeze-dried bone allografts for sinus augmentation indicated a
mean of 29.1% newly created bone, with graft particles largely
in close contact with newly formed bone, primarily with mature
bone characteristics such as many osteocytes [62]. Other re-
ports found that the majority of the specimens had newly pro-
duced bone and that the interface areas between new and old
bone were not apparent. In both studies, there was no indica-
tion of an acute inflammatory infiltrate. However, when demin-
eralized freeze-dried bone was utilized in sinus augmentation,
histological assessment revealed a persistent inflammatory re-
action, prompting the authors to conclude that demineralized
freeze-dried bone homograft should not be used alone [63].

Xenograft

Because of its resemblance to human bone, deproteinized
bovine bone is one of the most widely explored grafting ma-
terials and is employed in the craniofacial region. It has been
proved that protein is completely absent, and its safety in terms
of disease transmission has been confirmed. After 6 months of
recovery, deproteinized cancellous bovine bone was used as a
grafting material for sinus floor elevation, and histologic assess-
ment was done [64]. Histologic examination revealed that the
bone in the grafted and previously existing areas of the sinus
floor was largely of lamellar structure, with close contact be-
tween newly created bone and graft particles. Dental implants
placed in sinuses enhanced with xenograft had 27 percent to
63 percent bone-to-implant contact, and xenograft was demon-
strated to be extremely slowly recovered and behave as a semi-
permanent grafting material. When xenograft is combined with
autogenous bone, additional benefits may be gained, such as
increased graft volume and extended space-maintaining effects
due to prolonged resorption [65].

Alloplastic materials

Calcium sulphate, calcium phosphate, bioactive glasses,
and polymers are among the many chemically varied synthetic
calcium-based biomaterials that make up alloplastic materials.
These bone substitutes have osteoconductive capabilities as
well [66]. Although autogenous bone grafting remains the gold
standard, a study by [67] found that sinus augmentation with a
little amount of beta-tricalcium phosphate appears to be a clini-
cally reliable treatment. According to reports, this substance
acts as an osteoconductive material, allowing osteoprogenitor
cells to proliferate on its surface or within its porosity and differ-
entiate into osteoblasts, resulting in bone formation. When clin-
ically and radiographically assessed, calcium sulphate hemihy-
drate was offered as a grafting material for sinus augmentation,
and it resulted in good, fresh tissue growth within the sinuses.
Bone density ranged from 34.3 percent to 55.54 percent, ac-
cording to histomorphometry research [61]. Other researchers
found similar outcomes, and a two-year study revealed a new
irregular trabecular design on radiography, as well as normal,
vital trabecular bone with woven and lamellar structure in all
histologically studied sections [68].

Resorption of grafting material

When repairing the resorbed posterior maxilla, grafting ma-
terial resorption can lead to uncertain long-term consequences.
As a result, non-resorbable osteoconductive bone substitutes
may be preferable to autogenous bone grafts. Titanium gran-
ules were employed as a bone substitute in patients who need-
ed sinus floor augmentation prior to or concurrently with dental
implant insertion [69].

Dental implants

Replacing missing teeth has always been a difficult task for
dentists, which led to the invention of dental implants in an-
cient times. Copper studs have been used to fix teeth as a re-
placement for lost teeth since 3000 B.C., when Egyptian civili-
zation was at its peak. Replantation and transplanting became
more widespread in the 1800s, resulting in secondary infections
[70]. Maggiolo J, a French dentist, presented the first modern
dental implant procedure, which used an 18-karat gold alloy
implant with a porcelain superstructure. By the 1900s, a major
shift in implant materials had occurred, with porcelain, cobalt-
chromium-molybdenum, and finally titanium alloy being em-
ployed. Branemark’s concept of osseointegration, which sug-
gested that a direct structural and functional connection can be
achieved between implant surface and bone, ushered in a new
era in dental implant operations in 1950 [71]. In 1980, during a
symposium held at Toronto University, Branemark revealed the
findings of his 30-year research by presenting a technique for
placing four to six implants in the mental area of the lower jaw
in two phases surgical approach with bilateral cantilever pros-
thesis. The technique spread throughout the world and is still
in use today [72]. David Scharf, who said in 1993 that dental
implants can have the same success rate if placed under aseptic
conditions in regular clinics rather than operating rooms, paved
the door for routine dental implants in regular clinics rather
than operating rooms [73]. Since then, surveys have shown that
dental implants are the most popular treatment option for re-
storing missing teeth. Nowadays, computer-aided analysis, de-
sign, and manufacture, as well as the use of surgical stents, help
to accurately orient the implant in the proper location, allowing
for optimal stress distribution and stability [74].

Immediate implant

The traditional approach for replacing a hopeless tooth was
to extract it and wait several months for the alveolar bone to
recover, as well as a load-free interval of 3 to 6 months after
implant installation, resulting in an extraordinarily protracted
treatment duration. Another important drawback is alveolar
bone resorption following extraction, which, if not regulated,
can result in severe bone atrophy, resulting in ridge height loss
and narrowing, jeopardizing implant stability and aesthetics.
Placing the implant right after extraction allows for greater bone
preservation, better soft tissue aesthetics, easier implant place-
ment in the optimum position, fewer visits and with less treat-
ment time leading to less cost [75]. A total of 100 cases were
studied to compare immediate and delayed implants. Although
the instantaneous implant only engaged the socket bone at the
apex area at the time of surgery, he determined that full closure
of the gap between the implant and socket wall was achieved
towards the conclusion of the healing phase, emphasising the
need of using a gap filler substance [76].

Further suggested that the implant be placed until it reaches
the height of the alveolar bone crest without undergoing radi-
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cal alveoplasty for optimum bone preservation, as placing it
below that level will result in bone resorption [77]. He also lim-
ited atraumatic tooth extraction techniques to ensure maximal
contact between the implant and the socket wall, as well as the
preservation of the buccal bone, which if fragmented, would
make an instant implant contraindication. Immediate implant
procedure has a 95% success rate and has been proven to be
reliable in the replacement of lost teeth. The most important
consideration during immediate implant insertion is achiev-
ing enough initial stability, which is achieved by contacting the
bone at the implant’s apical third. The greater the osseointegra-
tion and the stronger the eventual stability, the higher the initial
stability. In 2014, Mark Rowan and colleagues investigated the
biological and mechanical stability of immediate and delayed
implants by evaluating their stability as measured by Resonance
Frequency Analysis in ISQ values [78]. Although immediate im-
plants had lower mean 1SQ values than delayed implants, the
I1SQ values of immediate implants remained over 65 for the
whole 6-month follow-up period, according to the study’s find-
ings [79]. Finally, under favorable conditions and with proper
surgical technique, the initial and eventual stability of instan-
taneous implants is reliable. Another worry with an immediate
implant treatment is increasing the ultimate cosmetic appear-
ance, whereas mucosal recession is caused by buccal bone re-
modeling after tooth extraction [80,81].

Examined papilla and marginal mucosa levels around imme-
diate implants, early implants (placed 4 to 8 weeks following
extraction), and delayed implants. For six months, the levels
of papilla and marginal mucosa were monitored. The results
demonstrated that neither technique had an advantage over
the other. Despite being proven to be reliable, instant implant
surgery is a delicate procedure that requires stringent criteria
to achieve the best results. These criteria include a traumatic
extraction with maximum respect for soft tissue and bone, re-
moval of pathological tissue through curettage and antimicro-
bial agent rinse, implant size selection with proper width for
bone graft placement and proper length to be 2 to 3 millimeters
longer than the socket for primary stability and closing the gap
between the implant and the socket wall.

Atraumatic extraction

Extraction that is traumatic the first crucial step in attaining
a successful immediate implant with acceptable initial stability,
less postoperative problems, a quick healing time, and final per-
fect stability and aesthetics is to use a minimally invasive extrac-
tion technique with great care for soft and hard tissue. The tra-
ditional extraction procedure involves either luxating the tooth
with forceps, which causes alveolar bone deformation and
socket expansion, or raising the tooth using an elevator, which
causes damage to the interproximal area. This soft and hard tis-
sue stress will result in post-operative pain, edoema, and a de-
lay in healing. Aggressive extraction may cause the buccal shelf
of bone to crack, jeopardizing the immediate implant process,
or it may cause the socket to enlarge, causing a greater gap be-
tween the socket wall and the implant, jeopardizing osseointe-
gration. Gingival laceration and trauma to the interdental bone
can result in vertical bone loss and metal display, resulting in
esthetical failure [82]. There are several advanced procedures
for tooth extraction, including [83]:

1. Easy X-Trac system: Three successive drills of increasing
diameter are used to drill a hole into the root into which a screw
is inserted and attached to a ratchet wrench with plates that al-
low the force to be evenly distributed on both sides. The root is

then gradually removed with minimal stress to the sounding’s
tissues and without the necessity for a flap. Roots having a lim-
ited diameter or roots with vertical fracture are the only two
contraindications.

2. Benex system: Designed for single-rooted teeth and based
on vertical pulling. Benex extractor, impression tray, diamond
drill, self-tapping screw, and pull string are all included. Because
of the screw’s poor retention, the procedure is not recommend-
ed for teeth with uneven root morphology or severe cavities.

3. Rubber band extraction: Designed for single-rooted teeth,
it is likewise based on vertical pulling. Benex extractor, Impres-
sion tray, diamond drill, self-tapping screw, and pull string are
among the items included. Because of the screw’s poor reten-
tion, the procedure is not recommended for teeth with uneven
root morphology or extensive cavities.

4. Extraction using implant drill: The pilot implant drill is
utilized in single-rooted teeth, followed by sequential drills un-
til the tooth structure is decreased and fragmented. The tooth
structure that remains can then be easily removed.

5. Periotome: To sever the periodontal ligament, a sharp
fine instrument is introduced between the root and the socket
wall. The periotome is progressed until it is two-thirds of the
way down the root. After that, the tooth can be extracted with
forceps or laxated using a tiny elevator.

6. Powered periotome: To enter the periodontal space, fine
metallic blades mounted on a hand piece with a microproces-
sor unit and foot control are utilized to cut the periodontal
ligament. The procedure is flapless, and the buccal and lingual
plates are practically never broken.

7. Sonosurgery: For teeth sectioning, a sonic handpiece with
various inserts is employed. Low heat generation, clean cutting
surfaces, nearly no soft tissue harm, and improved tactile sense
are just a few of the benefits. Its drawbacks include a long work-
ing time, instrument breakage when handled incorrectly, and
contraindication in patients with pacemakers or infections since
it can spread the infection.

8. Piezo surgery: Using ultrasonic micro vibration three times
more strong than standard scalers, hard tissue can be removed
while soft tissue is spared. Internal irrigation is used to compen-
sate for heat generation in the system. It has a clear operating
field, better healing due to less damage to surrounding soft tis-
sue, and less postoperative pain and bleeding. Prolonged heat
generation increased working time, and a high-cost armamen-
tarium are among its drawbacks. The latest gadget, the ultra-
sonic bone surgery device, is employed not only for atraumatic
tooth extraction but also for the preparation of the socket for
rapid implant placement. After employing the arrow-like pilot
blade to get access to the periodontal membrane area, four
sequenced syndesmoses are employed to gain deeper access.
The extraction of the tooth is followed by the condensation of
bone and preparation for the implant utilizing sequenced coni-
cal shaped drills. Vibrating tips cause cavitation, which has a
bactericidal effect, increasing the implant’s survival rate in in-
fected sites.

9. Physics forceps: It has two handles, one with a bumper
to adapt to the buccal surface and the other with a beak to
engage the lingual surface of the tooth, which allows for me-
chanical benefits. Light pressure exerted buccally is sufficient to
extract the tooth with this design, eliminating the requirement
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for squeezing and rocking movements when using traditional
forceps. The advantages of this approach include less power be-
ing required, less postoperative pain, and the ability to implant
immediately. The downsides include the risk of fracturing of the
buccal bone or the crown in the event of excessive force, as well
as the expensive cost.

10. Orthodontic extrusion: Two to three months later, atru-
matic extraction using physics forceps is performed. Using
a periotome to detach the tooth from the bone and cut the
periodontal ligament is one of the atraumatic tooth extraction
procedures. To cut the gingival attachment in a single rooted
tooth extraction, the periotome is first inserted in the gingival
sulcus at 20 degrees to the tooth surface. The periotome is then
moved in mesial and distal inclination movements to gain ac-
cess to the periodontal ligament space by advancing a few mil-
limeters. After gaining access, the same movements are repeat-
ed until two-thirds of the root is reached. The tooth can then be
delivered with forceps by rotating it in the apical direction. To
preserve the socket shape, care must be taken not to luxate the
tooth in a buccal or palatal direction. Atraumatic extraction with
a periotome was compared to standard extraction with eleva-
tors and forceps. The periotome demonstrated a high level of
proficiency in extracting firm teeth, retained roots, endodonti-
cally treated teeth, and crown cracked teeth with minimal hard
tissue damage and soft tissue laceration.

Implant size selection

The optimum immediate implant size is chosen to preserve
as much buccal bone as possible while yet providing adequate
initial stability. The minimum buccal bone thickness to ensure
stable buccal bone with little resorption without the require-
ment for tissue augmentation, according to researchers, is 2
mm [84]. However, most extraction sites in the anterior area
have a thin buccal bone plate (less than 1 mm), which without
bone augmentation will result in vertical bone resorption and
esthetical failure. The buccal bone plate is normally made up of
cortical bone with periosteum and periodontal ligament blood
supply. During extraction, the blood supply to the periodontal
ligament is severed. Bone grafts are used to improve the thick-
ness of the buccal bone plate to compensate for the loss of
blood flow [85]. Previous studies have shown that a 3 mm space
between the implant surface and the buccal bone is essential
for proper bone graft implantation, permitting maximum buc-
cal bone preservation and improving the final cosmetic result.
When there is no buccal bone, a 3 mm gap between the buccal
surface of the implant and the internal surface of the buccal
soft tissue is left. The implant diameter should be around 3.5
mm if the socket is less than 7 mm buccolingualy. The implant
diameter should be around 4.3 mm if the socket is 7 mm bucco-
lingualy, and around 5.1 mm if the socket is greater than 7 mm
buccolingualy [86].

Studied the parameters that influence ridge change after
immediate implant implantation [87]. He discovered that the
larger the distance between the implant and the socket wall,
the more graft was inserted, and the more newly created bone
was formed.

Studied the influence of buccal gap size on alveolar bone
change in dogs was investigated using 1 mm, 2 mm, and 3 mm
gaps [88]. The results showed that the 3 mm gap group had
the thickest buccal bone and soft tissue after two months. The
1 mm and 2 mm gap groups showed a significant decrease in
buccal volume after 4 months, but the 3 mm gap group showed

bone resorption resistance. The researchers concluded that a 3
mm gap is the best gap for buccal bone preservation.

Evaluated the influence of implant diameter on implant sur-
vival rate [89]. They discovered that diameters of 5-6.5 mm and
3-3.5 mm had the highest failure rate while diameters of 3-3.5
mm had the lowest failure rate. As a result, using a tiny diam-
eter implant not only allows for the placement of a bone graft
to maintain the buccal bone, but it also increases the success
rate. The ideal implant length for immediate implant place-
ment is longer than the extraction socket by 2 to 3 millimeters.
This violation to the apical area by 2 to 3 millimeter is to obtain
primary stability as the immediate implant mainly engages the
socket wall at that area. However, many anatomical consider-
ations should be taken in mind during implant size selection
including the adjacent teeth leaving 1.5 mm between each ad-
jacent tooth and implant and adjacent implants leaving 3 mm
between each implant and another.

The anatomical features of the maxillary arch include the
floor of the nasal cavity anteriorly and the maxillary sinus pos-
teriorly, which may require a sinus left surgery if there is insuf-
ficient remaining bone. The inferior alveolar nerve, as well as
other less common structures such as the accessory mental
foramen, anterior looping of the mental nerve, and bifid man-
dibular canals, are located in the mandibular arch [90].

Investigated the appropriate implant length and diameter
for anterior implants to attain the greatest results [91]. The
findings revealed that the ideal implant length is between 11.5
and 13 mm, and the best outcomes are obtained with a diam-
eter of 3.5 mm.

The gap between the implant and the socket wall is being
closed. The implant size should leave at least a 3 mm space
between the implant surface and the buccal bone to allow for
bone regrowth with minimal vertical bone loss. Autogenous
bone has been identified as the best option for filling the gap
and producing osteoplastic activity due to its osteoconductive,
osteoinductive, and osteogenic properties [92]. Autogenous
bone, on the other hand, necessitates patient retrieval, which
complicates the surgery. As a result, calcium phosphate-based
materials are now widely used as grafting materials in immedi-
ate implant procedures [93]. Calcium phosphate-based mate-
rials provide a number of advantages, including the ability to
come in a variety of forms for easier application, biocompatibil-
ity with most cells (including fibroblasts and osteoblasts), and
osteoconductive behavior through osteoblast migration and
adhesion [94].

Studied the impact of tricalcium phosphate on bone density
around immediate implants [95]. The gap was filled with trical-
cium phosphate mixed with saline after the immediate implant
was placed. At 3 and 6 months after surgery, bone density mea-
sures were taken. The group that used tricalcium phosphate
had more bone density around the implant than the other
group, implying that tricalcium phosphate helps to increase
bone density.

Investigated the effect of tricalcium phosphate on bone for-
mation and alveolar resorption after premolar extraction was.
Tricalcium phosphate was found to be effective in preserving
alveolar bone and promoting bone growth [96].

Implant success criteria

Several success factors for dental implants have been de-
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scribed in several research with a considerable deal of agree-
ment among different authors.

Did a systemic review on success of dental implants criteria
described by publications. The study summarized the success
criteria used by different authors as following [97,98]:

1. Implant level: discomfort Radiolucency Infection of the
Mobility Less than 1.5 mm of bone loss in the first year Bone
loss is less than 0.2 mm each year.

2. Soft tissue level prior to implant Suppuration Swelling
Bleeding Recession Index of plaques Depth of probing less than
3mm Mucosa keratinized with a breadth of less than 1.5 mm.

3. Chair side issues on a prosthetic level Failures in Function-
al Esthetics.

4. Level of patient satisfaction chewing ability discomfort-
tasting ability Paresthesia Appearance These are primarily sub-
jective factors, whereas objective criteria can be described as
follows:

1) Stability of the implant.

2) The density of the bone around the implant.
3) The height and thickness of the buccal bone.
4) Measurement of implant stability.

Several methods for measuring implant stability have been
published, including both invasive and noninvasive procedures
[99,100]. The following are the most prevalent noninvasive
methods:

1. Cutting torque resistance analysis: Estimating the amount
of energy required by a micromotor to prepare an osteotomy
site for implant insertion, which is related to bone density,
which is one of the most important factors influencing stability.

2. Percussion test: A ringing sound is produced by tapping
the implant with the mirror handle, indicating satisfactory os-
seointegration and stability.

3. Collision hammer method: Like the percussion test, it re-
lies on the sound produced by the impact between the implant
and a hammer, which is measured and processed by a device
called a rapid fourier transformer.

4. Insertion torque analysis: Determining the amount of
force required to place the implant in the osteotomy site as a
test of initial stability.

5. Before abutment connection, do a reverse torque test by
applying a particular amount of torque in an unscrewing direc-
tion. A failed implant is one that has become unscrewed.

6. Periotest: Originally designed to calculate the contact time
between the implant and the percussion rod to determine tooth
mobility, it is now routinely used to assess implant stability.

7. Pulsed oscillation waveform: This waveform detects the
frequency and amplitude of implant vibration caused by pulsed
force and correlates it to the bone implant interface.

8. Resonance frequency analysis (RFA): A noninvasive, accu-
rate method of measuring implant stability by measuring the
resonance frequency at which the implant oscillates. Because
the implant’s material and length are constant, the frequency
is correlated to the supporting structure, allowing the stability

and osseointegration to be measured.

Two systems have been produced for measuring implant
stability by using Resonance frequency analysis. The original
system depended on making contact between the analyzer
and the transducer placed over the implant [101]. Magnetic
waves communicate between the analyzer and the transducer
placed above the implant in the new Osstell Implant Stability
Quotient (1SQ) technology, yielding readings between 40 and
80. The higher the device’s displayed number, the more stable
it is [102,103]. Tested for implant stability measurement, the
Penguin Resonance Frequency Analysis (RFA) and Osstell Im-
plant Stability Quotient (ISQ) systems have been shown to be
reliable. Forty implants were implanted in various materials,
and the two techniques were used to measure stability mul-
tiple times. When placed in rigid material, the results showed
that both systems are trustworthy, with the osstel system be-
ing more reliable than the penguin system. Evaluated Osstell
ISQ’s device for assessing implant stability was tested for reli-
ability [104]. Several Smart Peg transducers were used to take
several measurements for the same implant by the same den-
tist. After statistical analysis, the results revealed that Osstell
ISQ is a “nearly flawless” system in terms of repeatability and
reproducibility. Compared the results of insertion torque with
the results of resonance frequency analysis (ISQ). The implant
is implanted at the end of the osteotomy preparation, and the
insertion torque is measured using a ratchet wrench, and an
osstell reading is taken. A new osstell reading was taken after
6 weeks, and counter torque was applied with a ratchet up to
32 N cm. The implant is considered a failure if it is moved by
the counter torque. The outcome revealed that both strategies
produce the same results.

Measurement of bone density around the implant Although
Computed Tomography (CT) is a well-established technology for
assessing bone density via the Hounsfield Unit (HU), its princi-
pal drawback, a high radiation dose, makes it difficult to rely on
it in studies that require multiple scans to compare the results.
Cone Beam CT (CBCT) has been frequently used to measure
bone density utilising grey density value or Voxel Value since it
has a considerably lower radiation exposure (VV) [105]. Cone
Beam CT (CBCT) provides good resolution, grey density range,
dimensional accuracy, and pixel/noise ratio, but its grey density
values are not absolute [106,107].

Compared the Hounsfield Unit (HU) acquired from CT and
the Voxel Value (VV) obtained from CBCT for the same bone
spacemen. The study discovered a linear link between CBCT
Voxel Value (VV) and CT Hounsfield unit (HU), allowing for the
conversion of grey scale to absolute Hounsfield Unit (HU), re-
sulting in more successful findings. Investigated whether CBCT
could be used to measure bone density surrounding implants
[108]. In addition to comparing CTs, CBCTs were performed
before and after implant placement to evaluate bone density.
The findings revealed an increase in density around the implant
after insertion, which was linked to bone compression. The re-
sults were found to be comparable to those obtained by CT, in-
dicating that CBCT is a trustworthy approach for determining
bone density.

Delay vs. immediate implant placement, staging, the timing
of implant loading, the need for a bone graft at the implant site,
the presence of infection, medical conditions that compromise
wound healing, smoking, oral hygiene, the location of implant
placement, and the size of the implants are all thought to in-
fluence the amount of changes in marginal bone height after
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implant placement [109,110].

Other mechanical reasons that have been hypothesized in-
clude periosteum elevation during surgery, instrument over-
heating resulting in osteonecrosis, occlusal stress, cantilever ef-
fect, and physiologic bone remodeling caused by inflammatory
processes and plague accumulation. One of the most common
causes of early implant failure is bone necrosis caused by heat
induction during drilling. Due to the sensitivity of bone tissues
to heat, an increase in heat induction during a surgical treat-
ment might result in bone injury [111]. The size and shape of
the drill, the drill material, the use of irrigation, and bone den-
sity all affect the frictional heat generated during bone cutting
techniques. Burs of various forms have traditionally been used
to adapt the site to the implant’s geometry during implant site
preparation. Drilling methods can result in mechanical stress to
the bone as well as heat-induced bone necrosis, posing a con-
siderable risk of failure [135]. During osteotomies, conventional
rotational devices generate excessive heat, which may damage
bone cell viability and lead to thermal necrosis [112].

Piezoelectric ultrasound

Piezo surgery, on the other hand, is characterized by a cavita-
tion effect combined with a large amount of cooling solution,
resulting in a non-thermal thermal effect and a better biological
outcome. Maxillofacial surgeons invented piezoelectric ultra-
sound. It works by using radio waves to cause ultrasonic tips
to oscillate and vibrate, allowing them to divide solid interfaces
like bone tissue [113]. Ultrasonic vibrations with an average fre-
quency of 25-29 kHz, an oscillation (amplitude) of 60-210 m,
and power up to 50 W describe the piezoelectric device. Ultra-
sonic instruments can cut mineralized hard tissues like teeth
and bone in a highly safe and precise manner, with minimal tis-
sue damage. Because soft tissues like nerves and blood vessels
can oscillate at the same speed and amplitude as the cutting tip,
the cutting tip has no effect on them [114]. Studies comparing
piezoelectric osteotomy to traditional procedures using carbide
and diamond series drills found that piezosurgery results in bet-
ter bone healing [113]. Furthermore, as compared to traditional
drill methods, other studies found a decrease in inflammatory
cells and an increase in osteogenesis around piezoelectric ul-
trasound-installed implants [114]. The prospect of using ultra-
sounds for implant site preparation has piqued people’s interest
[115].

Technical qualities and historical context of Piezoelectric
ultrasound

The word “piezo” comes from the Greek word piezein, which
meaning “to squeeze tightly.” Jacques and Pierre Curie, broth-
ers, discovered “piezoelectricity” in 1880. They discovered that
applying pressure to certain crystals, ceramics, or bone resulted
in the generation of electricity. Gabriel Lippmann discovered
the inverse piezoelectric effect a year later. When an electric
field is applied to a crystal, it deforms, as he demonstrated. Dif-
ferent scientists investigated these effects further, and Catuna
published an essay on the use of ultrasound on hard tissue in
1953. Various work groups showed the use of ultrasonic vibrat-
ing technology for cutting mineralized tissue in the following
decades. McFall et al. was one of the groups. They compared
rotating equipment to an oscillating scalpel blade to explore the
difference in healing. Healing took a little longer in the oscillat-
ing scalpel blade group, but there were no serious problems
[116]. The first human clinical trial on “piezoelectric bone sur-
gery” in 2000. It was the first time an instance of a split ridge

was described, in which an edentulous ridge was divided de-
spite the ridge’s narrowness. It would not have been able to
retain its integrity with other cutting devices. Piezosurgery®, an
instrument that combines ultrasound and the piezo effect, was
introduced in 2001 [117].

Biological considerations of piezoelectric ultrasound

Less invasive surgery is a primary goal as technology advanc-
es. Piezoelectric surgery is moving in this way, not only because
of the benefits of very precise customized cutting, but also be-
cause of healing-related variables. The continual irrigation helps
to prevent heat damage and so reduces the danger of bone ne-
crosis, and the reduced blood loss promotes healing conditions.
Overheating during implant-site preparation has a deleterious
impact on the osseointegration process and implant rehabilita-
tion outcomes. The smooth tips provide the lowest tempera-
ture, while the sharp tips produce the highest. Other elements,
such as the way in which the cutting is done and the character-
istics of the bone itself, will also influence the temperature rise.
Heinemann et al. examined several sonic and ultrasonic devices
with rotating burs in portions of pig jaws in this regard. Piezo
surgery had the biggest temperature rise in this investigation,
however the osteocytes and trabecular bone appeared to be
unaffected, as with the other devices [118]. Furthermore, bone
remodeling or cell viability are unaffected by piezoelectric bone
cutting. In vitro, both piezoelectrically harvested bone chips and
bone chips collected with a traditional revolving drill contained
essential cells that will differentiate into osteoblasts [116]. Also
looked at the kinetics of bone repair. In terms of “histomorpho-
metrical, immunohistochemical, and molecular analyses,” they
evaluated the differences between osteotomies performed
with piezosurgery and those conducted with a traditional drill
[119]. They found no changes in bone healing between the two
groups histologically or histomorphometrically, save for a slight-
ly higher amount of newly created bone 30 days after using the
piezosurgery equipment.

Mechanism of action of piezoelectric ultrasound [117]

Ultrasonics is a discipline of acoustics that deals with sound
vibrations at frequencies above the audible range, i.e. >20
kHz, where sonic refers to a high-amplitude ultrasound wave
created by three different methods (Mechanical Method- up
to 100 kHz; Magnetostatic Method- 18-25 kHz and Piezoelec-
tric effect-25-50 kHz) [25]. The piezoelectric effect is utilized in
piezosurgery to transfer mechanical energy in the form of ten-
sion and compression into electric energy [120]. The ultrasonic
frequency of piezoelectric ultrasonics is formed by forcing an
electric current from a generator through piezo-ceramic rings,
causing them to deform. The ultrasonic frequency in dental
applications is typically 24-36 kHz, and it can cut mineralized
tissue. As a result, the movement caused by the ring’s defor-
mation causes a vibration in the transducer, which produces
the ultrasound output. These waves are delivered to the hand
piece tip, also known as an insert, where longitudinal move-
ment causes osseous tissue to be sliced by microscopic bone
cracking [117]. Because it contains a piezoelectric element that
translates electric impulses into mechanical vibrations and then
mechanical vibrations into electric signals, the transducer is an
essential component of the instrument system [121]. Cavita-
tion is a micro boiling phenomenon that occurs in liquids on
any solid-liquid contact vibrating at an intermediate frequency,
resulting in a rupture of molecular cohesion in liquids and the
formation of zones of depression that fill with vapor until they
implode. Cavitation occurs when water spray touches an insert
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vibrating at an intermediate frequency in detartrating instru-
ments [122]. This phenomenon preserves good visibility in the
field of operation during ultrasonic osteotomy procedures by
spreading coolant as an aerosol and providing hemostasis. By
fragmenting bacterial cell walls, the cavitation effect has anti-
bacterial properties, which aids in achieving high predictability
and minimal morbidity in bone surgery [117].

Indication and contradiction of piezoelectric ultrasonic
[113]

Indication and advantage: This allows for the main advan-
tages of this device, which are soft tissue debridement, smooth-
ening of root surfaces, bone grafting, implant site preparation,
removing an implant, sinus lifting procedure, retrograde root
canal preparation, apicectomy, cystectomy, extraction of anky-
losed teeth, and orthodontic surgeries.

Contradiction: No absolute contraindications except taking
precaution with cardiopathy, patients with uncontrolled diabe-
tes mellitus, patient receiving radiotherapy, patients with met-
al/ceramic crowns and patients with pacemakers.

Conclusion

we can concluded that perforations of the sinus membrane
are more common in direct sinus lifts performed with the rotary
technique than with ultrasound, and implant survival and bone
gain are better with the ultrasound technique. When compared
to the traditional rotary technique, the sinus lifting treatment
conducted using Piezo surgery generates less postoperative
pain and swelling. The use of ultrasound enables for precise
bone removal with a reduced risk of injury or perforation of
the Schneider membrane. The diamond-coated rotary method
used by DASK decreases the risk of sinus membrane perfora-
tion while also providing appropriate irrigation. Although piezo
surgery is a time-consuming equipment, it has been shown to
be effective in executing a safe sinus membrane elevation, with
a lower risk of membrane perforation, greater post-surgical
patient comfort, and improved patient quality of life. In cases
where anatomical structures are an important site is the sur-
gical site, it is recommended to use a piezo surgery device to
make a less risky surgery and more certainty for the surgeon,
and the advantage of drawbacks should be emphasized.

References

1. Elani H, Starr J, Da Silva J, Gallucci G. Trends in dental implant
use in the US, 1999-2016, and projections to 2026. Journal of
dental research. 2018; 97: 1424-1430.

2. Oikarinen KS, Sandor GK, Kainulainen VT, Salonen-Kemppi M.
Augmentation of the narrow traumatized anterior alveolar ridge
to facilitate dental implant placement. Dental Traumatology.
2003; 19: 19-29.

3. Simainek A, Kopecka D, Brazda T, Somanathan R. Is lateral sinus
lift an effective and safe technique? Contemplations after the
performance of one thousand surgeries. Implantologie J. 2007;
5:1-5.

4, Pal U, Sharma NK, Singh R, Mahammad S, Mehrotra D, et al.
Direct vs. indirect sinus lift procedure: A comparison. National
journal of maxillofacial surgery. 2012; 3: 31.

5. Goyushov S. Evaluation of the Effect of Maxillary Sinus
Augmentation on the Maxillary Sinus Volume and Sinus Physiol-
ogy: A Cone-Beam Computed Tomography Follow-Up. 2018.

6. Ghafari JG, Ammoury MJ. Overcoming compact bone resistance

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

to tooth movement. American Journal of Orthodontics and Den-
tofacial Orthopedics. 2020; 158: 343-348.

Nevins M, Camelo M, De Paoli S, Friedland B, Schenk RK, et al. A
study of the fate of the buccal wall of extraction sockets of teeth
with prominent roots. International journal of periodontics &
restorative dentistry. 2006; 26.

Balaji S. Direct v/s Indirect sinus lift in maxillary dental implants.
Annals of maxillofacial surgery. 2013; 3: 148.

Elsholkamy MA, Eldesouky G. Monitoring Of Implant Stability
When Placed Simultaneously In Platelet Rich Fibrin Enhanced
Maxillary Sinus Bone Augmentation. Egyptian Dental Journal.
2018; 64: 3149-3163.

Bernardello F, Righi D, Cosci F, Bozzoli P, Carlo MS, et al. Crestal
sinus lift with sequential drills and simultaneous implant place-
ment in sites with< 5 mm of native bone: A multicenter retro-
spective study. Implant Dentistry. 2011; 20: 439-444.

Pillai S, Ganapathy D. Bone substitutes for sinus lift. Journal of
Pharmaceutical Sciences and Research. 2016; 8: 367.

Att W, Bernhart J, Strub JR. Fixed rehabilitation of the edentu-
lous maxilla: possibilities and clinical outcome. Journal of Oral
and Maxillofacial Surgery. 2009; 67: 60-73.

Lee JE, Jin SH, Ko Y, Park JB. Evaluation of anatomical consider-
ations in the posterior maxillae for sinus augmentation. World
Journal of Clinical Cases: WICC. 2014; 2: 683.

Mazor Z, Horowitz RA, Del Corso M, Prasad HS, Rohrer MD, et
al. Sinus floor augmentation with simultaneous implant place-
ment using Choukroun’s platelet-rich fibrin as the sole grafting
material: A radiologic and histologic study at 6 months. Journal
of periodontology. 2009; 80: 2056-2064.

Kaufman E. Maxillary sinus elevation surgery: an overview. Jour-
nal of Esthetic and Restorative Dentistry. 2003; 15: 272-283.

Tolstunov L. Vertical Alveolar Ridge Augmentation in Implant
Dentistry: A Surgical Manual (John Wiley & Sons). 2016.

Palmer RM, Howe LC, Palmer PJ. Implants in clinical dentistry
(CRC Press). 2011.

Wallace SS, Tarnow DP, Froum SJ, Cho SC, Zadeh HH, et al. Max-
illary sinus elevation by lateral window approach: Evolution of
technology and technique. Journal of Evidence Based Dental
Practice. 2012; 12: 161-171.

Ali SA, Karthigeyan S, Deivanai M, Kumar A. Implant rehabilita-
tion for atrophic maxilla: A review. The Journal of Indian Prosth-
odontic Society. 2014; 14: 196-207.

Pefiarrocha-Diago M, Pefarrocha-Diago M, Sanchez-Recio C,
Pefiarrocha-Oltra D, Romero-Millan J. Osteotomy in direct sinus
lift. A comparative study of the rotary technique and ultrasound.
Medicina oral, patologia oral y cirugia bucal. 2012; 17: e457.

Moutamed GM. Prevalence Of Schneiderian Membrane Perfo-
ration During Maxillary Sinus Augmentation Procedures Using
Ultrasound Versus Rotary Techniques. Egyptian Dental Journal.
2017; 63: 1321-1332.

Autorino R, Eden C, EI-Ghoneimi A, Guazzoni G, Buffi N, et al.
Robot-assisted and laparoscopic repair of ureteropelvic junction
obstruction: a systematic review and meta-analysis. European
urology. 2014; 65: 430-452.

Aoki A, Miura M, Akiyama F, Nakagawa N, Tanaka J, et al. In vitro
evaluation of Er: YAG laser scaling of subgingival calculus in com-
parison with ultrasonic scaling. Journal of periodontal research.
2000; 35: 266-277.

www.jcimcr.org

Page 9



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

Simonetti M, Facco G, Barberis F, Signorini G, Capurro M, et al.
Bone characteristics following osteotomy surgery: an in vitro
SEM study comparing traditional Lindemann drill with sonic and
ultrasonic instruments. Poseido. 2013; 1: 187-194.

Lucas M, Gachagan A, Cardoni A. Research applications and op-
portunities in power ultrasonics. Proceedings of the Institution
of Mechanical Engineers, Part C: Journal of Mechanical Engi-
neering Science. 2009; 223: 2949-2965.

Beagle JR. Surgical Essentials of Immediate Implant Dentistry
(John Wiley & Sons). 2012.

Schaller BJ, Gruber R, Merten HA, Kruschat T, Schliephake H,
et al. Piezoelectric bone surgery: A revolutionary technique for
minimally invasive surgery in cranial base and spinal surgery?
Technical note. Operative Neurosurgery. 2005; 57: ONS-E410-
ONS-E410.

Russo A, Caravelli S, Mosca M, Girolami M, Ortolani A, et al.
Piezosurgery in Hallux Valgus Correction: Distal Linear Osteoto-
my Operative Technique Using Piezoelectric Tools. Joints. 2019;
7:025-030.

Chandoorya C. Comparative Evaluation of Piezosurgery Ver-
sus Conventional Osteotomy in Surgical Removal of Impacted
Mandibular Third Molar (Rajas Dental College and Hospital,
Tirunelveli). 2020.

Pavlikova G, Foltan R, Horkd M, Hanzelka T, Borunska H, et al.
Piezosurgery in oral and maxillofacial surgery. International jour-
nal of oral and maxillofacial surgery. 2011; 40: 451-457.

Tete S, Vinci R, Zizzari V, Cingano L, Bollero R, et al. Evaluation of
effects on bone tissue of different osteotomy techniques. Jour-
nal of Craniofacial Surgery. 2009; 20: 1424-1429.

Crosetti E, Battiston B, Succo G. Piezosurgery in head and neck
oncological and reconstructive surgery: Personal experience on
127 cases. Acta Otorhinolaryngologica Italica. 2009; 29: 1.

Al-Moraissi E, ElImansi Y, Al-Sharaee Y, Alrmali A, Alkhutari A.
Does the piezoelectric surgical technique produce fewer post-
operative sequelae after lower third molar surgery than conven-
tional rotary instruments? A systematic review and meta analy-
sis. International journal of oral and maxillofacial surgery. 2016;
45:383-391.

Carpentier A, Adams DH, Filsoufi F. Carpentier’s reconstructive
valve surgery E-Book (Elsevier Health Sciences). 2011.

Pekovits K, Wildburger A, Payer M, Hutter H, Jakse N, et al.
Evaluation of graft cell viability-efficacy of piezoelectric versus
manual bone scraper technique. Journal of oral and maxillofa-
cial surgery. 2012; 70: 154-162.

Lawson W, Patel ZM, Lin FY. The development and pathologic
processes that influence maxillary sinus pneumatization. The
Anatomical Record: Advances in Integrative Anatomy and Evolu-
tionary Biology: Advances in Integrative Anatomy and Evolution-
ary Biology. 2008; 291: 1554-1563.

Woo |, Le B. Maxillary sinus floor elevation: review of anatomy
and two techniques. Implant dentistry. 2004; 13: 28-32.

Acharya AB, Banakar C, Rodrigues SV, Nagpal S, Bhadbhade S, et
al. Anterior middle superior alveolar injection is effective in pro-
viding anesthesia extending to the last standing molar in maxil-
lary periodontal surgery. Journal of periodontology. 2010; 81:
1174-1179.

Srouji S, Ben-David D, Lotan R, Riminucci M, Livne E, et al. The
innate osteogenic potential of the maxillary sinus (Schneiderian)
membrane: an ectopic tissue transplant model simulating sinus
lifting. International journal of oral and maxillofacial surgery.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

2010; 39: 793-801.

Solar P, Geyerhofer U, Traxler H, Windisch A, Ulm C, et al. Blood
supply to the maxillary sinus relevant to sinus floor elevation
procedures. Clinical Oral Implants Research. 1999; 10: 34-44.

Lasjaunias P, Berenstein A. Surgical Neuroangiography: 1 Func-
tional Anatomy of Craniofacial Arteries (Springer Science & Busi-
ness Media). 2012.

Whyte A, Boeddinghaus R. The maxillary sinus: Physiology, de-
velopment and imaging anatomy. Dentomaxillofacial Radiology.
2019; 48: 20190205.

Schenk RK, Buser D, Hardwick WR, Dahlin C. Healing pattern of
bone regeneration in membrane-protected defects: A histologic
study in the canine mandible. International Journal of Oral &
Maxillofacial Implants. 1994; 9.

Cowin SC, Cardoso L. Blood and interstitial flow in the hierar-
chical pore space architecture of bone tissue. Journal of biome-
chanics. 2015; 48: 842-854.

Nather AA. Bone grafts and bone substitutes: basic science and
clinical applications (World Scientific). 2005.

Cohen Jr MM. Sutural biology and the correlates of craniosynos-
tosis. American journal of medical genetics. 1993; 47: 581-616.

Franz-Odendaal TA. Induction and patterning of intramembra-
nous bone. Front Biosci. 2011; 16: 2734-2746.

Hutchings G, Moncrieff L, Dompe C, Janowicz K, Sibiak R, et al.
Bone regeneration, reconstruction and use of osteogenic cells;
from basic knowledge, animal models to clinical trials. Journal of
clinical medicine. 2020; 9: 139.

Kini U, Nandeesh B. Physiology of bone formation, remodel-
ing, and metabolism. In Radionuclide and hybrid bone imaging
(Springer). 2012; 29-57.

Lui PPY, Zhang P, Chan KM, Qin L. Biology and augmentation of
tendon-bone insertion repair. Journal of orthopaedic surgery
and research. 2010; 5: 1-14.

Andreasen JO, Andreasen FM, Andersson L. Textbook and col-
or atlas of traumatic injuries to the teeth (John Wiley & Sons).
2018.

Bow A, Anderson DE, Dhar M. Commercially available bone graft
substitutes: the impact of origin and processing on graft func-
tionality. Drug metabolism reviews. 2019; 51: 533-544.

Albrektsson T, Johansson C. Osteoinduction, osteoconduction
and osseointegration. European spine journal. 2001; 10: S96-
S101.

Junker R, Dimakis A, Thoneick M, Jansen JA. Effects of implant
surface coatings and composition on bone integration: a sys-
tematic review. Clinical oral implants research. 2009; 20: 185-
206.

Ahmet S, Alper Gultekin B, Karabuda ZC, Olgac V. Two composite
bone graft substitutes for maxillary sinus floor augmentation:
Histological, histomorphometric, and radiographic analyses. Im-
plant dentistry. 2016; 25: 313-321.

Schmidt AH. Autologous bone graft: Is it still the gold standard?
Injury. 2021.

Jivraj S, Reshad M. Esthetic implant dentistry: diagnosis and
treatment planning. Oral and Maxillofacial Surgery-E-Book.
2017; 3:391.

Silber JS, Anderson DG, Daffner SD, Brislin BT, Leland JM, et
al. Donor site morbidity after anterior iliac crest bone harvest

www.jcimcr.org

Page 10



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

for single-level anterior cervical discectomy and fusion. Spine.
2003; 28: 134-139.

Mirzayan R, Panossian V, Avedian R, Forrester DM, Menendez
LR. The use of calcium sulfate in the treatment of benign bone
lesions: A preliminary report. JBJS. 2001; 83: 355.

Brunsvold MA, Mellonig JT. Bone grafts and periodontal regen-
eration. Periodontology 2000. 1993; 1: 80-91.

Park JB. Various Ways to Enhance the Results of Maxillary Sinus
Augmentation Procedures. Implant Dentistry: The Most Promis-
ing Discipline of Dentistry. 2011; 1.

Bavetta G, E Licata M. The use of human allogenic graft (HBA)
for maxillary bone regeneration: Review of literature and case
reports. Current pharmaceutical design. 2012; 18: 5559-5568.

Stacchi C, Orsini G, Di lorio D, Breschi L, Di Lenarda R. Clinical,
histologic, and histomorphometric analyses of regenerated
bone in maxillary sinus augmentation using fresh frozen human
bone allografts. Journal of periodontology. 2008; 79: 1789-1796.

Alghamdi H, Jansen J. Dental Implants and Bone Grafts: Materi-
als and Biological Issues (Woodhead Publishing). 2019.

De Leonardis D, Pecora GE. Prospective study on the augmenta-
tion of the maxillary sinus with calcium sulfate: histological re-
sults. Journal of periodontology. 2000; 71: 940-947.

Zizzari VL, Zara S, Tete G, Vinci R, Gherlone E, et al. Biologic and
clinical aspects of integration of different bone substitutes in
oral surgery: A literature review. Oral surgery, oral medicine, oral
pathology and oral radiology. 2016; 122: 392-402.

Klijn RJ, Meijer GJ, Bronkhorst EM, Jansen JA. Sinus floor aug-
mentation surgery using autologous bone grafts from various
donor sites: A meta-analysis of the total bone volume. Tissue
Engineering Part B: Reviews. 2010; 16: 295-303.

Moztarzadeh O. Bone Augmentation Materials Evaluation of Im-
plant Osteointegration. 2009.

Nik SN. Investigations in bone augmentation in dental implantol-
ogy (The University of Manchester United Kingdom). 1998.

Zitzmann NU, Krastl G, Hecker H, Walter C, Waltimo T, et al. Stra-
tegic considerations in treatment planning: Deciding when to
treat, extract, or replace a questionable tooth. The Journal of
prosthetic dentistry. 2010; 104: 80-91.

Balamurugan L. Comparative Evaluation of Soft Tissue Healing
in Dental Implant Site Augmented with PRF and Gelatamp (Best
Dental Science College, Madurai). 2017.

Sullivan RM. Implant dentistry and the concept of osseointegra-
tion: A historical perspective. J Calif Dent Assoc. 2001; 29: 737-
745.

Andrews RD, Baird RW, Calambokidis J, Goertz CE, Gulland FM,
et al. Best practice guidelines for cetacean tagging. J Cetacean
Res Manage. 2019; 20: 27-66.

Tyndall DA, Brooks SL. Selection criteria for dental implant site
imaging: A position paper of the American Academy of Oral and
Maxillofacial radiology. Oral Surgery, Oral Medicine, Oral Pathol-
ogy, Oral Radiology, and Endodontology. 2000; 89: 630-637.

De Rouck T, Collys K, Cosyn J. Immediate single-tooth implants
in the anterior maxilla: A 1-year case cohort study on hard and
soft tissue response. Journal of Clinical Periodontology. 2008;
35: 649-657.

Chrcanovic BR, Albrektsson T, Wennerberg A. Dental implants
inserted in fresh extraction sockets versus healed sites: a sys-
tematic review and meta-analysis. Journal of dentistry. 2015;

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

43:16-41.

Chrcanovic BR, Reher P, Sousa AA, Harris M. Osteoradionecrosis
of the jaws-a current overview-part 2: dental management and
therapeutic options for treatment. Oral and Maxillofacial Sur-
gery. 2010; 14: 81-95.

Chiapasco M, Zaniboni M, Boisco M. Augmentation procedures
for the rehabilitation of deficient edentulous ridges with oral im-
plants. Clinical Oral Implants Research. 2006; 17: 136-159.

Schérer P, Glauser R, Ruhstaller P, Windisch S, Zembic A, et al.
Immediate Occlusal Loading of Branemark System® TiUnite™
Implants Placed Predominantly in Soft Bone: 4-Year Results of a
Prospective Clinical Study. Clinical Implant Dentistry and Related
Research. 2005; 7: s52-s59.

Vlaenderen ARWVv. Renewed Mandibular Reconstruction Pro-
cess: The development of a universal fibula cutting guide and
evaluation of a semi-automatic mandible reconstruction plan-
ning software. 2020.

Chen ST, Darby IB, Reynolds EC, Clement JG. Immediate Implant
Placement Postextraction Without Flap Elevation. Journal of
Periodontology. 2009; 80: 163-172.

Sclar AG. Strategies for management of single-tooth extraction
sites in aesthetic implant therapy. Journal of Oral and Maxillofa-
cial Surgery. 2004; 62: 90-105.

Avila G, Galindo-Moreno P, Soehren S, Misch CE, Morelli T, et al.
A Novel Decision-Making Process for Tooth Retention or Extrac-
tion. Journal of Periodontology. 2009; 80: 476-491.

Mardas N, Chadha V, Donos N. Alveolar ridge preservation with
guided bone regeneration and a synthetic bone substitute or a
bovine-derived xenograft: A randomized, controlled clinical trial.
Clinical Oral Implants Research. 2010; 21: 688-698.

Koh RU, Oh TJ, Rudek I, Neiva GF, Misch CE, et al. Hard and Soft
Tissue Changes After Crestal and Subcrestal Immediate Implant
Placement. Journal of Periodontology. 2011; 82: 1112-1120.

Barone A, Rispoli L, Vozza |, Quaranta A, Covani U. Immediate
Restoration of Single Implants Placed Immediately After Tooth
Extraction. Journal of Periodontology. 2006; 77: 1914-1920.

Ferrus J, Cecchinato D, Pjetursson EB, Lang NP, Sanz M, et al.
Factors influencing ridge alterations following immediate im-
plant placement into extraction sockets. Clinical Oral Implants
Research. 2010; 21: 22-29.

Pluemsakunthai W, Le B, Kasugai S. Effect of Buccal Gap Dis-
tance on Alveolar Ridge Alteration After Immediate Implant
Placement: A Microcomputed Tomographic and Morphometric
Analysis in Dogs. Implant Dentistry. 2015; 24.

Jafarian M, Bayat M, Pakravan AH, Emadi N. Analysis of the Fac-
tors Affecting Surgical Success of Implants Placed in Iranian War-
fare Victims. Medical Principles and Practice. 2016; 25: 449-454.

Bergh VD, A JP, Bruggenkate TMC, Disch FJM, Tuinzing DB. Ana-
tomical aspects of sinus floor elevations. Clinical Oral Implants
Research. 2000; 11: 256-265.

GUmrukgu Z, Korkmaz YT. Influence of implant number, length,
and tilting degree on stress distribution in atrophic maxilla: A
finite element study. Medical & Biological Engineering & Com-
puting. 2018; 56: 979-989.

Esposito M, Grusovin MG, Polyzos IP, Felice P, Worthington HV.
Interventions for replacing missing teeth: dental implants in
fresh extraction sockets (immediate, immediate-delayed and
delayed implants). Cochrane Database of Systematic Reviews.
2010.

www.jcimcr.org

Page 11



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Lopez CD, Diaz-Siso JR, Witek L, Bekisz JM, Gil LF, et al. Dipyri-
damole Augments Three-Dimensionally Printed Bioactive Ce-
ramic Scaffolds to Regenerate Craniofacial Bone. Plastic and
reconstructive surgery. 2019; 143: 1408-1419.

Ahn TK, Lee DH, Kim Ts, Jang Gc, Choi S, et al. Modification of Ti-
tanium Implant and Titanium Dioxide for Bone Tissue Engineer-
ing. In Novel Biomaterials for Regenerative Medicine HJ. Chun
K. Park CH Kim, G Khang, eds. (Singapore: Springer Singapore).
2018; 355-368.

Wang L, Fan H, Zhang ZY, Lou AJ, Pei GX, et al. Osteogenesis and
angiogenesis of tissue-engineered bone constructed by prevas-
cularized B-tricalcium phosphate scaffold and mesenchymal
stem cells. Biomaterials. 2010; 31: 9452-9461.

Kinoshita Y, Matsuo M, Todoki K, Ozono S, Fukuoka S, et al. Al-
veolar bone regeneration using absorbable poly(L-lactide-co-e-
caprolactone)/B-tricalcium phosphate membrane and gelatin
sponge incorporating basic fibroblast growth factor. Internation-
al Journal of Oral and Maxillofacial Surgery. 2008; 37: 275-281.

Papaspyridakos P, De Souza A, Vazouras K, Gholami H, Pagni S,
et al. Survival rates of short dental implants (6 mm) compared
with implants longer than 6 mm in posterior jaw areas: A meta-
analysis. Clinical Oral Implants Research. 2018; 29: 8-20.

Papaspyridakos P, Lal K. Computer-assisted design/computer-
assisted manufacturing zirconia implant fixed complete prosthe-
ses: Clinical results and technical complications up to 4 years of
function. Clinical Oral Implants Research. 2013; 24: 659-665.

Lachmann S, Jager B, Axmann D, Gomez-Roman G, Groten M, et
al. Resonance frequency analysis and damping capacity assess-
ment. Clinical Oral Implants Research. 2006; 17: 75-79.

Valderrama P, Oates TW, Jones AA, Simpson J, Schoolfield JD, et
al. Evaluation of Two Different Resonance Frequency Devices to
Detect Implant Stability: A Clinical Trial. Journal of Periodontol-
ogy. 2007; 78: 262-272.

Bural C, Dayan C, Gegkili O. Initial Stability Measurements of
Implants Using a New Magnetic Resonance Frequency Analyzer
With Titanium Transducers: An Ex Vivo Study. Journal of Oral Im-
plantology. 2020; 46: 35-40.

Papp A, Porod W, Csurgay Al, Csaba G. Nanoscale spectrum ana-
lyzer based on spin-wave interference. Scientific Reports. 2017;
7:9245.

Buyukguclu G, Ozkurt-Kayahan Z, Kazazoglu E. Reliability of the
Osstell Implant Stability Quotient and Penguin Resonance Fre-
quency Analysis to Evaluate Implant Stability. Implant Dentistry.
2018; 27: 429-433.

Herrero-Climent M, Santos-Garcia R, Jaramillo-Santos R, Rome-
ro-Ruiz MM, Fernandez-Palacin A, et al. Assessment of Osstell
ISQ’s reliability for implant stability measurement: A cross-sec-
tional clinical study. Medicina oral, patologia oral y cirugia bucal.
2013; 18: e877-e882.

Sener BC. Infectious Dental Implant Complications. In Complex
Dental Implant Complications, S.C. Bagheri, H.A. Khan, and M.R.
Stevens, eds. (Cham: Springer International Publishing). 2020;
103-154.

Pitto RP, Mueller LA, Reilly K, Schmidt R, Munro J. Quantitative
computer-assisted osteodensitometry in total hip arthroplasty.
International Orthopaedics. 2007; 31: 431-438.

Al-Zahrani MS, Elfirt EY, Al-Ahmari MM, Yamany IA, Alabdulkarim
MA, Zawawi KH. Comparison of Cone Beam Computed Tomog-
raphy-Derived Alveolar Bone Density Between Subjects with
and without Aggressive Periodontitis. J Clin Diagn Res. 2017; 11:
ZC118-2C121.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Razi T, Niknami M, Alavi Ghazani F. Relationship between Houn-
sfield Unit in CT Scan and Gray Scale in CBCT. J Dent Res Dent
Clin Dent Prospects. 2014; 8: 107-110.

Pauwels R, Jacobs R, Singer SR, Mupparapu M. CBCT-based bone
quality assessment: Are Hounsfield units applicable? Dentomax-
illofacial Radiology. 2015; 44: 20140238.

Tonetti MS, Jung RE, Avila-Ortiz G, Blanco J, Cosyn J, et al. Man-
agement of the extraction socket and timing of implant place-
ment: Consensus report and clinical recommendations of group
3 of the XV European Workshop in Periodontology. Journal of
Clinical Periodontology. 2019; 46: 183-194.

Mishra SK, Chowdhary R. Heat generated by dental implant
drills during osteotomy-a review: Heat generated by dental im-
plant drills. J Indian Prosthodont Soc. 2014; 14: 131-143.

O’Daly BJ, Morris E, Gavin GP, O’Byrne JM, McGuinness GB.
High-power low-frequency ultrasound: A review of tissue dis-
section and ablation in medicine and surgery. Journal of Materi-
als Processing Technology. 2008;200: 38-58.

Pereira CCS, Gealh WC, Meorin-Nogueira L, Garcia-Junior IR,
Okamoto R. Piezosurgery applied to implant dentistry: clinical
and biological aspects. Journal of Oral Implantology. 2014; 40:
401-408.

Emera AM, Aly TM, Elsheikh SA. Piezoelectric Versus Conven-
tional Surgical Drilling For Implant Placement In Anterior Max-
illa. Alexandria Dental Journal. 2018; 43: 111-117.

Canullo L, Pefiarrocha D, Pefiarrocha M, Rocio AG, Penarrocha-
Diago M. Piezoelectric vs. conventional drilling in implant site
preparation: pilot controlled randomized clinical trial with cross-
over design. Clinical Oral Implants Research. 2014; 25: 1336-
1343.

Stiibinger S, Stricker A, Berg BI. Piezosurgery in implant dentist-
ry. Clin Cosmet Investig Dent. 2015; 7: 115-124.

Thomas M, Akula U, Ealla KKR, Gajjada N. Piezosurgery: A Boon
for Modern Periodontics. J Int Soc Prev Community Dent. 2017;
7:1-7.

Aly LAA. Piezoelectric surgery: Applications in oral & maxillofa-
cial surgery. Future Dental Journal. 2018; 4: 105-111.

Anesi A, Ferretti M, Cavani F, Salvatori R, Bianchi M, et al. Struc-
tural and ultrastructural analyses of bone regeneration in rabbit
cranial osteotomy: Piezosurgery versus traditional osteotomes.
Journal of Cranio-Maxillofacial Surgery. 2018; 46: 107-118.

Bai Y, Zhao J, Lv Z, Lu K. Enhanced piezo-phototronic effect of
ZnO nanorod arrays for harvesting low mechanical energy. Ce-
ramics International. 2019; 45: 15065-15072.

Giusa F, Giuffrida A, Trigona C, Ando B, Bulsara AR, et al. “Ran-
dom Mechanical Switching Harvesting on Inductor”: A novel ap-
proach to collect and store energy from weak random vibrations
with zero voltage threshold. Sensors and Actuators A: Physical.
2013; 198: 35-45.

Nissy TS, Saralaya S, Jayanth BS, Sunil SM. Role of piezoelectric
device in oral & maxillofacial surgery. Oral Surgery. 2021; 14: 71-
78.

www.jcimcr.org

Page 12



