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I
n the edentulous posterior maxilla,
the presence of the maxillary sinus
often limits the available bone

height for dental implant placement.
To overcome vertical deficiency of
atrophic posterior maxilla, sinus floor
elevation either through a transcrestal
approach or a lateral approach has been
used for several decades.1,2 The trans-
crestal approach is considered to be
a less invasive procedure than the lat-
eral approach.3,4 However, the trans-
crestal approach with traditional flap
surgery is associated with several
drawbacks, such as postoperative dis-
comfort, unexpected gingival reces-
sion, and alveolar crestal resorption
due to diminished supraperiosteal
blood supply by intraoperative flap
reflection.5–8 Thus, to overcome the
drawbacks of the flap transrectal
approach, various flapless transcrestal

approaches, such as the use of osteo-
tomes, gel pressure, hydraulic pressure,
and balloon elevation have been re-
ported.9–13 In most of these techniques,
numerous pieces of equipment were
needed to elevate the sinus membrane.
Unlike other transcrestal approaches to
sinus augmentation methods, the
hydrodynamic piezoelectric internal

sinus elevation (HPISE) technique does
not require osteotomes or the sinus
membrane elevation equipment. Fur-
thermore, it does not rely on bone
compaction to elevate the sinus mem-
brane.14,15 The HPISE technique can
break the sinus floor with ultrasonic
vibration and elevate the sinus mem-
brane using the hydraulic pressure of
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Purpose: The purpose of this
retrospective study was to evaluate
the success rate of implants and the
amount of sinus augmentation using
the flapless hydrodynamic piezoelec-
tric internal sinus elevation (HPISE)
technique with autologous concen-
trated growth factors (CGF) alone.

Materials and Methods: A total
of 11 maxillary sinuses were aug-
mented using the HPISE technique
through the flapless transcrestal
approach. Sixteen implants (average
11.38 mm in length and 4.83 mm in
diameter), with 2 different surfaces,
were placed simultaneously with CGF
alone. Plain panoramic radiograms
and cone-beam computed tomograms
(CBCT) were taken in all patients to
evaluate the sinus augmentation pre-
operatively and postoperatively.

Results: The sinus membranes
were successfully elevated, averaging

13.95 6 6.61 mm in immediate post-
operative CBCT without any iatro-
genic perforation. After an average
23.8 weeks, the average bone gain
above the sinus floor was 8.23 6
2.88 mm in the axial aspect of CBCT.
No complications were recorded in
any patients during the follow-up
period.

Conclusion: The flapless trans-
crestal approach to the sinus aug-
mentation using the HPISE technique
with autologous CGF alone could
be an alternative to the lateral
approach, even at severely resorbed
edentulous posterior maxilla with
insufficient bone height. (Implant
Dent 2014;23:168–174)
Key Words: internal sinus eleva-
tion, flapless surgery, transcrestal
approach, piezoelectric bone sur-
gery, hydrodynamics
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internal irrigation concurrently, using
only 1 insert.14,15

Numerous experimental and clini-
cal studies showing bone regeneration
in the sinuswithout bone graft materials
have been reported. Patients’ venous
blood, absorbable collagen sponge, or
fibrin-rich blocks were grafted alone to
accelerate new bone formation in the
widely accepted new paradigm.16–22

The aim of this study was to evaluate,
retrospectively, the predictability of
flapless transcrestal sinus augmenta-
tions through use of the HPISE
technique with concentrated growth
factors (CGF) alone, by clinical and
radiographic analysis.

MATERIALS AND METHODS

Patient Selection
This study consisted of 10 partially

edentulous patients who were treated at
the Department of Oral andMaxillofacial
Surgery, Catholic University Medical
Center of Daegu, from February 2010
to November 2012. Before surgery,
patients’medical historieswere evaluated
to exclude the patients with diseases
known to affect bone metabolism, such
as uncontrolled diabetes mellitus,
hyperthyroidism and hypothyroidism,
hyperparathyroidism and hypopara-
thyroidism, rheumatoid arthritis,
Paget’s disease, osteogenesis imper-
fect, multiple myeloma, bisphospho-
nate-related osteonecrosis of the jaw,
and others. Plain panoramic radio-
graphs and cone-beam computed tomo-
grams (CBCT, Combi; PointNix Co.,
Ltd, Seoul, Korea) were taken to assess
preoperative sinus conditions and
exact residual bone heights and widths.
The patients were sorted according
to Sclars guideline for flapless sur-
gery.23,24 The quantity of good kerati-
nized attached gingiva was checked
(more than 3–4 mm width of kerati-
nized gingiva had to remain after soft
tissue preparation with a tissue punch
around the implant placement site).
Minimum residual bone width was at
least 6 mm. All patients were informed
about the treatment procedure and pro-
vided oral and written consent. The
retrospective data were collected from
patients’ medical record and radio-
graphic findings.

Surgical and Prosthetic Procedure
The surgical procedures were per-

formed according to the authors’ ar-
ticles published in 2010 and 2012.15,25

Patients were given prophylactic oral
antibiotics, amoxicillin, potassium
clavulanate (Augmentin; Ilsung Phar-
maceutical Co., Seoul, Korea), 625
mg thrice daily, beginning the day
before surgery, and for 7 days postop-
eratively. Flomoxef sodium (Flumarin;
Ildong Pharmaceutical Co., Korea, 500

mg iv) was injected 1 hour before the
surgery. All surgical procedures were
performed under local anesthesia using
68 mg/1.7 mL of hydrochloride arti-
caine with 1/100,000 adrenaline for
a maxillary quadrant (Septanest; Septo-
dont, Saint-Maur-des-Fossés, France).

CGF were prepared according to
Sacco’s protocol, using the patients’
own venous blood to accelerate new
bone formation in the sinus26 (40–60
mL of blood was drawn from patients’
radial forearm). The venous blood was
collected in silica-coated vacutainer
tubes without anticoagulant. The blood
in the vacutainer tubes was centrifuged
using a special centrifuge (Medifuge;
Silfradent srl, Sofia, Italy) with a rotor
turning at altered and controlled speed
(2400–2700 rpm) for 12 minutes. The
collected blood was characterized by 3
layers. The uppermost layer was repre-
sented by the poor platelet plasma layer
(blood plasma without fibrinogen and
coagulant). The middle layer was the
fibrin buffy coat layer (fibrin blocks
containing concentrated growth factors,
white line cells, and stem cells) and was
named CGF. Finally, the lowest red
layer represented the red blood cell
layer (containing concentrated red and
white blood cells, platelets, and clotting
factors). The middle layers were used
for sinus augmentation in this study
(Fig. 1).

The flapless surgery was per-
formed when the width of the alveolar
ridge was adequate ($6 mm), as con-
firmed by preoperative CBCT (Fig. 2,
A–C). As a first step, soft tissue prepa-
rationwas performedwith a 4-mmwide
motor-driven tissue punch at the center
of the future implant placement site

Fig. 1. Prepared CGF; the blood divided into
3 layers after centrifugation. adPoor platelet
plasma layer (blood plasma without fibrino-
gen and coagulant factors). bdFibrin buffy
coat layer (containing growth factors, white
line cells, and stem cells) was used for the
sinus augmentation. cdRed blood cell layer
(containing red and white blood cells, plate-
lets, and clotting factors).

Fig. 2. The axial aspect of preoperative CBCT and periapical radiogram. A, Right first molar
showing approximately 0.5-mm residual bone height. B, Right second molar showing
approximately 1-mm residual bone height. C, Periapical radiogram displays a septa on the
right maxillary sinus.
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(Fig. 3). After exposure of the alveolar
bone crest, a 1.6-mm wide round car-
bide insert (S016; S-Dental Co., Daegu,
Korea) connected to an ultrasonic pie-
zoelectric device (Surgybone; Silfra-
dent srl) was used to break the sinus
floor directly (Fig. 4). After breaking
the sinus floor with the round insert,
a 2.8 mm wide HPISE insert (S028I;
S-Dental Co.) was used to enlarge the
osteotomy site and elevate the sinus
membrane using hydraulic pressure by
internal irrigation concurrently. The
HPISE insert has a 4-mm working tip
height, and depth-indicating lines
marked at 2-mm intervals. Thus, it mea-
sured the exact residual bone height at
each implant placement site. The insert
was pushed a few millimeters over the
sinus floor to confirm the detachment of
the sinus membrane from sinus floor.
Then, hydraulic pressure was applied
again for 10–20 seconds to elevate the
sinus membrane at each implant site
(Fig. 5). Membrane perforation was
confirmed by the Valsalva maneuver
or direct visualization of the sinus

membrane. The backflowof saline from
the sinus cavity during the application
of hydraulic pressure also confirmed the
integrity of sinus membrane. The
HPISE tip was usually used for a final
osteotomy to procure initial stability for
accommodating 3.7- to 4.2-mm–wide
tapered implants at the site. When wide
implants (more than 4.7 mm) were
placed, an intermittent drilling proce-
dure was required. The diameter of the
intermediate drill was approximately
1 mm narrower than the diameter of
the implant that was placed to obtain ini-
tial stability of the implant (Fig. 6). Two
to 6 pieces of CGF, as an alternative to
bone graft materials, were inserted in the
new compartment under the elevated
sinus membrane (Fig. 7). The implant
was placed simultaneously. The 3-mm-
high healing abutment was connected to
the placed implants as a 1-stage proce-
dure (Fig. 8). A periapical radiograph
and CBCT were taken to verify sinus
elevation immediately postoperatively
(Fig. 9, A–C).

Patientswere instructed not to blow
their noses or to cough or sneezewith an
open mouth for 2 weeks after surgery.
After an average 23.8 weeks, CBCT
were taken to assess vertical bone gain
around the implants (Fig. 10, A and B).
A porcelain implant fused to a metal
crown was cemented after 4–8 weeks
use of provisionals, and all patients
were examined, on average, 34 weeks
after loading (Fig. 11, A and B).

Radiographic Evaluation and Analysis
Consecutive CBCT were taken

preoperatively, immediately postoper-
atively, and on the day when the patient
was taken an impression for provision-
als, in all cases. One examiner evalu-
ated all radiographic information.
Preoperative residual bone height, the
amount of the membrane elevation, and
vertical bone gain above the original
sinus floor were assessed on consecu-
tive CBCT. The data were analyzed
using a 3-dimensionalCT scan software
(RealScan 2.0; PointNix Co., Ltd).
Mean values and SDs were calculated.

RESULTS

Eleven sinus elevations (9 unilat-
eral and 1 bilateral sinuses) were

Fig. 3. Soft tissue prepared using a 4-mm-
wide motor-driven tissue punch at the future
implant site.

Fig. 4. The sinus floor was penetrated with
the S016 insert connected to the ultrasonic
piezoelectric device.

Fig. 5. The HPISE insert was inserted into
the osteotomy site to enlarge the implant site
and elevate the sinus membrane using
hydraulic pressure by internal irrigation.

Fig. 6. The 3.8 mm wide intermittent drill
was used to accommodate a 4.7-mm-wide
implant for initial stability.

Fig. 7. CGF was inserted through the os-
teotomy site.

Fig. 8. Implants (Tapered Screw Vent;
Zimmer Dental Inc., Carlsbad, CA) were
placed by a 1-stage procedure, with 3.0-mm
high healing abutment.
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performed on 10 patients. A total of 16
implants with 2 different surfaces (14
hydroxyapatite-coated implants and 2
sandblasted large grit acid-etched sur-
face) were placed. Five patients were
men and 5 were women, with a mean
age of 50.7 years, varying from 31 to 61
years. Themean residual bone height of
the alveolar crest was 4.98 6 2.8 mm,
varying 0.5 mm–8.6 mm at the implant
site. Six patients (60%) had a residual
bone height of 0.5 mm to 5 mm. Four
patients (40%) had more than 5 mm of
residual bone height. The maximum

amount of the sinus membrane eleva-
tion was 27.9 mm; the minimum was
5.5mm (Figs. 12 and 13).Mean amount
of sinus membrane elevation was
13.956 6.2 mm. No membrane perfo-
ration was recorded at any implant site.
Several pieces of CGF were grafted
alone into all of the sinuses to accelerate
new bone formation. All implants
were placed by the 1-stage procedure.
Most implants displayed greater than
20 N$cm insertion torque, except
2 implants that had poor initial stability,
despite higher than 5-mm residual

bone height. One 52-year-old female
patient, whose residual bone height
was 8.6 mm, displayed poor implant
initial stability because of type IV
bone quality. The other implant was
placed within 3 months after extraction
in a 52-year-old male patient with
6.4-mm residual bone height.

After sinus elevation using the
flapless HPISE technique, no patient
had significant postoperative complica-
tions (such as swelling, pain, or bleed-
ing) during the healing period. After an

Fig. 9. Immediate postoperative CBCT and periapical radiogram demonstrating the elevated
sinus membrane. All axial aspect of CBCT showing the sinus membrane elevation in the lateral
approach. A, Approximately 10 mm of membrane elevation on the right first molar area. B,
Approximately 13 mm of membrane elevation on the right second molar area. C, The original
sinus floor was observed on periapical radiogram (arrow).

Fig. 10. CBCT was taken at impression taking for provisionals, demonstrating newly formed
bone above the implant apices. Bone consolidation was observed on (A) the right first molar
area and (B) the right second molar area.

Fig. 11. Intraoral photo and periapical radiogram. A, A porcelain-fused metal crown bridge
was connected with the implants. B, A periapical radiogram was taken at the prosthesis
connection. Newly formed sinus floor was observed (arrow).

Fig. 12. Case 1, patient’s immediate post-
operative CBCT showing approximately
28-mm height maximum sinus membrane
elevation on the right first molar area.

Fig. 13. Case 9, patient’s immediate post-
operative CBCT showing approximately
5-mm height minimum sinus membrane ele-
vation on the right first molar area.
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average 23.8 weeks healing period,
plain panoramic radiograms and CBCT
showed newly formed bone along the
implants in all cases. Total vertical bone
gainwas 8.236 2.88mm, varying from
4.2 to 12.7 mm. The success rate of
implantationwas 100%after an average
34 weeks after loading (Table 1).

DISCUSSION

The traditional flap transcrestal
approach, despite high success rates,
causes inevitable postoperative compli-
cations, such as bleeding, swelling and
pain, and long edentulous healing peri-
ods.27 Because of soft tissue flap reflec-
tion, supraperiosteal blood supply is
diminished. Thus, alveolar crestal bone
was resorbed during the initial healing
phase,28 resulting in a potential decisive
effect on implant prognosis. Accord-
ingly, in-office CBCT and developed
dental diagnostic tools have been com-
ing into wider use, so a minimally inva-
sive sinus augmentation through the
flapless transcrestal approach has been
presented.29 Sclar23 have presented
guidelines for flapless surgery that

requires approximately 3-mm width
and depth of keratinized attached gingi-
val. The keratinized tissue surrounding
an implant restoration is able to with-
stand themasticatory force and tomain-
tain normal oral hygiene.23 The flapless
approach without soft tissue flap reflec-
tion includes less alveolar crestal resorp-
tion and better blood supply to graft
material, which results in minimal post-
operative pain and bleeding. It also
allows the maintenance of normal oral
hygiene procedures immediately post-
operatively.30,31 The optimal tissue
punch size for flapless implant surgery
is slightly narrower than the future
implant size.32,33 In this study, because
implants usually placed were more than
4.7 mm in diameter, 4-mm-wide tissue
punches were used to expose the alveo-
lar crest.

In 2005, Emmanouil et al presented
a method using flapless maxillary sinus
augmentation with hydraulic pressure.9

TheyusedSummers’osteotome-mediated
sinus elevation technique without bone
graft materials. Pommer and Watzek
reported 10.6 6 1.6 mm height of the
sinus membrane elevation by means of

surgical templates, using gel pressure
without membrane perforation.10

Mazor et al12 presented the invasive
antral membrane balloon elevation
technique that used an ultrasonic piezo-
electric insert to create the osteotome.
A balloon-harboring device was used
to inflate the balloon for membrane ele-
vation. Bensaha11 presented a method
using the ultrasonic piezoelectric device
for osteotomy, with an injectable
hydraulic device used for membrane
elevation of 7 to 15 mm height. Many
of these published studies using the
flapless transcrestal approach require
complicated equipment for the sinus
augmentation, whereas the HPISE
insert is apt to break the sinus floor
and to elevate the sinus membrane con-
currently. Furthermore, its hydraulic
pressure from internal irrigation is used
to elevate the sinusmembrane evenme-
diolaterally of the sinus cavity and can
prevent potential thermal damage dur-
ing osteotomy. Unlike a rotary cutting
device, the ultrasonic piezoelectric
device provides highly controlled os-
teotomy because of the selective bone-
cutting effect, inducingminimal trauma

Table 1. Baseline Data Assessment

Sex Age Site Diameter Length

Residual
Bone
Height

Membrane
Elevation

Vertical
Bone Gain

Membrane
Perforation

M 44 Right first
premolar

4.5 11 3 27.9 12.7 No

Right first molar 5.5 11 4.4 20.5 10.8 No
F 49 Right first molar 4.7 11.5 1 10.6 10.8 No

Right second
molar

4.7 11.5 0.5 13.4 13 No

M 61 Right first molar 4.8 12 2.2 24.5 10.6 No
F 52 Right first molar 6 11.5 8.4 9.6 5.8 No
F 36 Left first molar 4.7 10 5.4 17.6 6 No

Left second molar 4.7 10 4.6 17.5 7 No
M 31 Left second molar 4.7 11.5 1.2 13.1 10.6 No
F 55 Left first molar 4.7 10 4.6 12.6 5.8 No
M 69 Left first molar 4.7 11.5 8.46 13.4 6.64 No

Left second molar 4.7 11.5 6.64 10.6 6.26 No
F 58 Right second

molar
4.7 11.5 8.6 5.5 5.1 No

Left second molar 4.7 11.5 5.6 10.8 6.4 No
M 52 Right first molar 4.7 13 8.6 7 4.2 No

Right second
molar

4.7 13 6.4 8.6 10 No

Mean 6
SD

4.83 6
0.38

11.38 6
0.89

4.98 6 2.8 13.95 6 6.2 8.23 6
2.88

0%

Measurements in millimeters.
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to soft tissue, which allows a very low
rate of sinus membrane perforation,
compared with conventional techni-
ques using a surgical mallet or osteo-
tomes.34–36 In all cases, even elevation
of the sinus membrane from the medial
and lateral walls of the sinus cavity,
above the implant apices, was revealed
by immediate postoperative CBCT.
Intraoperative membrane perforation
after sinus floor elevation frequently
causes sinusitis, which directly affects
the prognosis of implants.37,38 No iatro-
genic membrane perforation was noted
in this study.

Several complications related to
sinus bone grafting procedures in the
maxillary sinus have been reported.39–41

Whereas various studies have reported
competent new bone formation in the
maxillary sinus without bone grafting
in humans and animals.42–44 Sohn et al
reported many cases, with clinical his-
tological evidence, in which there is
favorable new bone formation in the
maxillary sinus without bone grafting
materials.17–22 In this study, CGF were
used alone for sinus augmentation
through the flapless transcrestal
approach using the HPISE technique
without any bone graft materials. CGF
were made from the patients’ own
venous blood without any synthetics
or biomaterials, such as calcium chlo-
ride or bovine thrombin, making it free
from cross-contamination. Also, CGF
are known to gradually release growth
factors, such as transforming growth
factor-b1, platelet-delivered growth
factors, insulin-like growth factors,
and vascular endothelial growth fac-
tors.45 CGF have been used to acceler-
ate new bone formation associated
with guided bone regeneration in sinus
grafts.46,47 Sohn et al48 reported that the
CGF induced fast new bone formation
in sinus augmentation. Furthermore,
Sohn et al reported clinical and
histological evaluation that CGF, as
a sole material, when inserted alone
in the sinus augmentation, induced
rapid new bone formation in the
new compartment under the elevated
sinus membrane through the transcres-
tal and the lateral approaches.15,16

As the result, bone regeneration
along the implant body was evident
radiographically.

CONCLUSION

Because the results of this study
demonstrate that the amount of the
elevation of the sinus membrane is
similar to the one achieved through
lateral approach sinus augmentation,
the flapless HPISE technique could be
applied to augment severely resorbed
maxillary sinuses regardless of the
vertical bone height, as an alternative
to the lateral approach. Indeed, this
study showed that flapless HPISE was
a predictable method with decreased
postoperative morbidity.
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