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Abstract: The purpose of this investigation is to evaluate 2 different
methods for reducing cortical wall thickness in sinus floor aug-
mentation surgery. A manual bone scraper was compared in terms
of efficacy, speed, and safety to an ultrasonic insert for osteoplasty,
in a randomized controlled clinical trial with a split-mouth design.
Twenty-five patients with severe posterior maxillary atrophy
were treated with bilateral sinus floor elevation with lateral
approach. Antrostomies were randomly performed by eroding
the cortical wall with a manual bone scraper (test site) or with
an ultrasonic insert (control site) until the membrane was visible
under a thin layer of bone, before outlining the window with a
piezoelectric device. Occurrence of membrane perforation, lacera-
tion of vascular branches, and surgical time were recorded.
Mean surgical time of the antrostomy in the test sites was
9’18’’, while in the control sites was 9’47’’. No significant differ-
ences were found in terms of surgical time, incidence of membrane
perforation during antrostomy (4.3% in both groups), or other
intraoperative complications between the 2 techniques. Both sur-
gical approaches represent effective options for performing lateral
antrostomies during sinus floor elevation procedures in a safe and
predictable way.
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one augmentation procedure of the jaws is a challenge for
B clinicians and surgeons. Even though the regenerative tech-
nique for managing horizontal and vertical defects of the atrophic
ridge is today considered predictable and safe, the postoperative
discomfort still remains an unsolved problem. The maxillary areas
requiring regenerative procedures are a consequence of tooth loss
and, sometimes, of an improper surgical and prosthetic manage-
ment.1–3

The maxillary sinus is an anatomical structure that is often
involved in several maxillofacial surgical procedures in the
posterior maxilla, and whose integrity is important to be preserved.
Infraction or invasion of this anatomical cavity can happen during
surgical procedures and implant placement, especially when
residual ridge height is reduced due to the bone remodeling and
resorption following tooth extractions. The invasion of the maxil-
lary sinus could hypothetically be considered a potential source of
infection or irritation, which could lead to inflammation of sinus
membrane.1,3–5

Various surgical techniques have been proposed to regenerate an
adequate bone volume and allow subsequent dental implants place-
ment.2–6 Due to the improvement of surgical techniques and the
progress of research in the field of dental biomaterials, predictable
and safe outcomes can be expected today for implant-supported
dental rehabilitations even in cases with severely atrophic
ridges.3,4–7

Sinus augmentation has then evolved into a predictable and
widespread surgical modality for increasing the existing
crestal height with bone of sufficient quality to allow predictable
positioning and long-term survival of dental implants.3–10 This
surgery is a relatively safe procedure, but several complications
may occur as a consequence of inadequate surgical planning or
related to aggressive or improper surgical manoeuvres. In the
attempt to overcome these obstacles, many alternative procedures
have been proposed and introduced into the clinical practice over
the years.2,8,10

Main intraoperative complications of sinus augmentation
with lateral approach were described, such as fractures of
residual alveolar ridge, damage to adjacent teeth, and hemorrha-
gic problems, as an anastomosis between posterior superior
alveolar artery and infraorbital artery is always present in the
lateral sinus wall area. Damage to this artery may occur
during antrostomy, causing profuse bleeding and difficulties in
completing surgical procedure: its course should be evaluated in
the presurgical planning to limit the occurrence of this compli-
cation.1–5

Antrostomy was traditionally performed using rotary instru-
ments, with a mean membrane perforation rate of around 20%:
lately, the introduction of piezoelectric devices for lateral window
preparation and membrane separation led to a significant reduction
in the occurrence of the intraoperative complications of bleeding
and membrane perforation.8,9

Recently, the use of manual bone scrapers has been
proposed as a safe and predictable approach to consume the lateral
wall of the sinus before performing the antrostomy but this tech-
nique has not been compared yet to others in a prospective
study.11,12

The aim of this randomized clinical trial with a split-mouth
design was to analyze 2 different methods for reducing cortical wall
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FIGURE 1. Erosion of the lateral wall of the maxillary sinus was performed until
the Schneiderian membrane appeared evident under a thin bone layer.

FIGURE 2. Window perimeter was outlined with ultrasonic instruments to
complete the antrostomy.

FIGURE 3. The action of the bone scraper performed on the cortical bone until
the membrane is visible (test side).

Stacchi et al The Journal of Craniofacial Surgery � Volume 00, Number 00, Month 2017
thickness before outlining the window in sinus floor elevation: a
manual bone scraper was compared, in terms of efficacy, speed, and
safety to an ultrasonic insert for osteoplasty.

METHODS

Study Design
This study was a 2-center, randomized controlled clinical trial

with balanced randomization (1:1), conducted by 2 experienced
operators (CS and TL), who enrolled and treated patients from
January to September 2016.

The research was conducted in accordance with the recommen-
dations of the Declaration of Helsinki as revised in Fortaleza (2013)
for investigations with human subjects. Patients were thoroughly
informed about the protocol, the treatment and its alternatives, the
benefits and the possible risks and signed a written informed
consent for the participation in the study. The study was approved
by the relevant Ethical Committee (Comitato Etico Regione Calab-
ria, Sezione Area Nord, Cosenza, Italy).

This superiority trial tested the null hypothesis of no difference
in intraoperative complications and surgical time between 2 tech-
niques for the lateral antrostomy during sinus floor elevation
procedures (manual bone scraper [test] versus piezosurgery [con-
trol]), against the alternative hypothesis of a difference.

Study Population
Any healthy patient (�ASA 2) with an age >18 years, with

indications for a bilateral sinus floor augmentation to allow dental
implants placement (crestal height<5 mm) was eligible to enter the
study. Exclusion criteria were the following: acute myocardial
infarction within the past 2 months; uncontrolled coagulation
disorders; uncontrolled diabetes (HBA1c >7.5%); radiotherapy
to the head/neck district within the past 24 months; immunocom-
promised patient (HIV infection or chemotherapy within the past
5 years); present or past treatment with intravenous bisphospho-
nates; psychological or psychiatric problems; alcohol or drugs
abuse; presence of uncontrolled or untreated periodontal disease;
allergy to bovine collagen; presence of sinusal pathologies contra-
indicating sinus floor elevation procedures.

Surgical Procedure
After performing local anesthesia (Artin 4%, Omnia, Italy—

articaine 4% with epinephrine 1:100,000) and raising a full-thick-
ness flap, an independent assessor opened the randomization sealed
Copyright © 2017 Mutaz B. Habal, MD. Unautho
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opaque envelope, and the assigned treatment was revealed to the
surgeon. Lateral antrostomy was performed by eroding the cortical
wall until the membrane appeared evident under a thin bone layer,
before outlining the window with ultrasonic instruments (OT1,
Piezosurgery, Mectron, Italy): cortical wall reduction was per-
formed by using a disposable bone scraper (Safescraper, Meta,
Italy) on the test site and an ultrasonic insert (OP3, Piezosurgery,
Mectron, Italy) on the control site (Figs. 1–4). Schneiderian
membrane integrity was checked with Valsalva maneuver before
starting its elevation, and then it was carefully detached from bone
walls using ultrasonic instrumentation (EL1, Piezosurgery, Mec-
tron, Italy) and manual curettes. After elevation, membrane integ-
rity was assessed again with Valsalva maneuver before inserting the
biomaterial. After the completion of the grafting procedure (Fisio-
graft Bone, Ghimas, Italy), the antrostomy was covered with a
resorbable collagen membrane (BioGide, Geistlich, Switzerland)
and flaps were sutured with Sentineri technique13 and single stitches
by using a synthetic monofilament (PTFE, Omnia, Italy).

Surgical time of the antrostomy (from the beginning of the
erosion of the lateral wall to the moment in which the operator
started to elevate the membrane) and any intra-surgical compli-
cation or adverse event were recorded.

The contralateral sinus floor augmentation was performed in the
same surgical session following the same procedure, but performing
rized reproduction of this article is prohibited.
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FIGURE 4. Ultrasonic erosion of the lateral wall of the sinus (control side).

The Journal of Craniofacial Surgery � Volume 00, Number 00, Month 2017 Sinus Lift
the cortical wall erosion with the technique not used in the
first intervention.

Patients were prescribed with antibiotics for 6 days (amoxicillin
1 g twice a day or, in allergic patients, clarithromycin 250 mg twice
a day) and NSAID (ibuprofen 600 mg), when needed.

Outcome
This study evaluated the following outcome measures:
1. A
C

# 2
ny intraoperative complication defined as unexpected
deviations from the normal treatment outcome (eg, membrane
perforation, hemorrhagic events, residual alveolar crest
fractures, etc.).
2. S
urgical time for the antrostomy, expressed in minutes, and
recorded from the beginning of the erosion of the lateral wall to
the moment in which the operator started to elevate
the membrane.
Sample Size and Randomization
A web-based software (http://www.dssresearch.com) was used

for the calculation of the sample size of this study. The calculation
was performed assuming data present in the literature as expected
percentage of membrane perforation in the 2 groups (control group,
11%; test group, 1%).8,12 Based on these data, a sample of 22
patients (44 interventions—22 test, 22 control) should be included
to reach 80% of statistical power (at a¼ 0.05 and b¼ 0.60).

An investigator (PC), not involved in the selection and treat-
ment of patients, prepared a computer-generated table using a
balanced, randomly permuted block approach (www.randomiza-
tion.com), and distributing all the patients into 2 groups (test and
control). Patients assigned to the test group had the first interven-
tion conducted with bone scrapers and the second with piezo-
electric surgery, patients assigned to the control group had the
opposite. Randomization codes were enclosed in numbered, iden-
tical, sealed, opaque envelopes. Envelopes were opened after the
flap reflection: treatment allocation was concealed to the 2
operators in charge of enrolling and treating the patients of
this trial.
opyright © 2017 Mutaz B. Habal, MD. Unautho
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Statistical Analysis
Shapiro–Wilk test was applied to assess data normality, then a 2-

sided Wilcoxon–Mann–Whitney test and, for analysis of time, a
linear regression analysis was used (SPSS 18, SPSS Inc, Chicago,
IL). All patients were included for analysis. The level of signifi-
cance was set at a¼ 0.05.

RESULTS
Twenty-five patients (age 58.2� 11.4 years, range 39–75 years, 10
females, 15 males) underwent bilateral sinus augmentation with
lateral approach (Figs. 1–4). Thirty-two sinuses were classified as
class V and 18 as class VI according to Cawood and Howell
classification.14 Twelve patients were no smokers, 2 were light
smokers, and 9 were heavy smokers. No dropouts were registered
in this study. One perforation of the Schneiderian membrane was
observed both in test and in control group after the antrostomy (4.3%).
Moreover, 3 perforations occurred in the test group (13%) and 2 in the
control group (8.7%) during membrane elevation with manual instru-
ments (total: 4 perforations in test group [16%]; 3 perforations in
control group [12%]). The perforations were sealed with A-PRF
membranes and surgical procedures were completed in all of the
cases. Six of 7 perforations were associated with the presence of
Underwood septa (P <0.05), which were encountered in 16 cases
(32% prevalence; 9 in test group [36%], 7 in control group [28%]).
Five perforations occurred in heavy smokers, 2 in no smoker patients.
Vascular branches were encountered during antrostomy area in 9
cases (18% prevalence; 5 in test group [20%], 4 in control group
[16%]). One minor hemorrhagic event occurred in test group during
the antrostomy with the bone scraper: bleeding was easily controlled
with the application of bone wax and procedure was completed. No
other complications were registered during the surgical procedures.

Mean surgical time of the antrostomy in the test group was
9’18’’ (�5’53’’), while in the control group was 9’47’’ (�5’22’’)
(NS). Mean thickness of the lateral wall was 2.4 mm (�2 mm) in the
test group and 2.6 mm (�1.6 mm) in the control group (NS).

Complete data are listed in Table 1.

DISCUSSION
Sinus floor augmentation with lateral approach is considered a
predictable procedure to regenerate an adequate bone volume for
the placement of dental implants in posterior maxillary atrophic
ridges. The traditional surgical technique, performed with rotary
instruments, is associated with a substantially high risk of Schnei-
derian membrane perforation, which is the most common intrao-
perative complication. Perforation can occur either during the
antrostomy or while separating and elevating the sinus membrane:
in the attempt of reducing this adverse event, the use of ultrasonic
devices during antrostomy has been introduced.2,9,15 A recent
systematic review showed that ultrasonic approach to lateral sinus
augmentation halves the incidence of membrane perforation when
compared with rotary instruments. Furthermore, ultrasonic erosion
of the lateral wall of the sinus seems to be the most predictable
technique in preventing from accidental perforations of Schneider-
ian membrane during sinus augmentation procedures.

Some authors proposed the use of manual bone scrapers for the
erosion of the lateral wall, in order to harvest autogenous bone to be
mixed with the grafting material: this technique seems promising,
but it was not tested yet in comparative studies versus the ultrasonic
erosion.11,12 The results of the present investigation showed that the
2 procedures, even if characterized by different approaches, have
the same clinical performances in terms of surgical time and
intraoperative complications rate.

The integrity of the sinus membrane after elevation is a crucial
factor for the success of the entire procedure. It is necessary to
rized reproduction of this article is prohibited.
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TABLE 1. XXXXX

PT Sex (M/F) Age (y) Smoke TEST THK (mm) CTRL THK (mm) Test Time (s) CRTL Time (s) TEST PERF (Y/N) CTRL PERF (Y/N)

1 M 63 NS 1 1 550 530 N N

2 F 74 NS 0.5 1.5 326 438 N N

3 M 64 NS 2.5 2.5 724 734 N N

4 M 57 NS 1 3 329 622 N N

5 M 46 LS 5 5 1050 1030 N N

6 F 68 NS 1 1 375 372 N N

7 M 46 HS 1 2 301 431 N N

8 F 64 HS 1.5 2 363 313 N N

9 F 39 HS 2 3.5 431 501 N Y

10 F 68 NS 1 1 362 355 N N

11 F 65 HS 2.5 2.5 528 427 N N

12 M 41 LS 3.5 4 947 1021 N N

13 M 46 HS 3 4 511 731 N N

14 F 67 HS 3 0.5 1163 223 N N

15 M 75 NS 0.5 1 901 1027 N N

16 M 68 NS 2 1.5 1141 777 N N

17 M 59 NS 0.5 1 551 780 N N

18 F 45 NS 5.5 6 900 1380 N N

19 F 57 HS 8 5 1200 600 N N

20 M 41 HS 6 5 600 600 Y N

21 M 58 HS 3 1.5 120 240 N N

22 M 66 NS 1 2.5 180 240 N N

23 F 75 NS 1.5 1.5 150 180 N N

24 M 54 NS 1 2.5 120 300 N N

25 F 46 LS 1.5 1.5 500 290 N N

Total 11F; 14M 58.1� 11.4 13NS; 3LS; 9HS 2.4� 1.9 2.5� 1.5 572.9� 339.6 565.7� 308.2 1/25 1/25

HS, heavy smoker (>10 cigarettes/d); LS, light smoker (<10 cigarettes/d); NS, no smoker.

TEST THK: lateral wall thickness in the test site; CTRL THK: lateral wall thickness in the control site.

TEST PERF: perforation during antrostomy in the test site; CTRL PERF: perforation during antrostomy in the control site.

FIGURE 5. A detail of the quality of bone harvested by using a manual bone
scraper.
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stabilize the graft during the healing period, avoiding the dispersion
of the granules into the sinus cavity and constituting an important
barrier helping to maintain sinus homeostasis. The presence of
Underwood septa represents one of the possible risk factors for
membrane perforation, even after an accurate presurgical planning.

It is clearly documented how the erosion of the lateral wall, both
with scrapers and ultrasonic devices, makes the septa presence and
localization evident to the surgeon, simplifying their management
during the antrostomy.10,16–19 However, septa remains a risk factor
for perforation also after the antrostomy. In this study, 5 perfor-
ations (on a total of 7) occurred during membrane elevation with
manual curettes, and all of theme were associated with the presence
of Underwood septa.

Lateral wall erosion seems also an advantage in identifying the
course of vascular branches in the antrostomy area, contributing to
minimizing the occurrence of hemorrhagic complications. An
accurate presurgical planning is mandatory to avoid vascular
lesions when using rotary instruments, while the contact of a
working piezoelectric insert with a vessel is usually tolerated
without problems.4,10,20,21 Attention should also be paid when using
manual bone scrapers in proximity with large vessels: in this trial we
recorded a case of bleeding during the lateral wall erosion with this
instrument, which was easily controlled with the application of
bone wax.

Bone harvested from the lateral wall is usually mixed with the
biomaterial selected for sinus grafting: the harvesting technique
could possibly affect the collected bone qualities (Figs. 5 and 6).
Some authors demonstrated that cells in bone samples harvested by
bone scraper showed higher viability and a stronger paracrine
Copyright © 2017 Mutaz B. Habal, MD. Unautho
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potential compared with bone particles collected with piezoelectric
devices. Bone scraper harvesting seems to have a positive impact on
gene expression favoring bone formation when compared with
piezosurgery: changes in gene expression could be a cellular
rized reproduction of this article is prohibited.
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FIGURE 6. A detail of the quality of bone harvested by using an ultrasonic
device.
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response to the biomechanical stress induced by the different
harvesting techniques or a shift in the remaining cell population
including osteoblast, lining cells, and osteocytes.22,23 Another work
showed that bone particles collected with a manual scraper had a
smaller nonvital surface than particles harvested using a piezo-
electric device.24

On the other hand, the physical and mechanical characteristics
of the piezoelectric devices have several clinical advantages: pre-
cise and selective cutting, easy surgical control, and better visual-
ization of the surgical field.25–27 Moreover, their use in various
fields of osseous surgery seems to improve the first phases of bone
healing.28,29 Several recent researches demonstrated that the bone
treated with ultrasonic devices is rich in growth factors and there is a
documented control on the modulation of the inflammatory process
following piezoelectric bone surgery. Biomolecular researches
demonstrated an early increase in the concentration of bone mor-
phogenic protein (BMP-4), transforming growth factor b2, tumor
necrosis factor when comparing piezosurgery to rotary instruments
and, at the same time, a lower production of interleukin-1b, heat
shock protein 70, and pro-inflammatory cytokines.30–32
Copyright © 2017 Mutaz B. Habal, MD. Unautho
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The area of maxillofacial surgical techniques reached effective
and predictable results during the last years and management of
complex interventions became easier, with a lower morbidity for
the patients and decrease in complication rates. New minimally
invasive techniques and the concomitant progress of the tissue
engineering in the field of biomaterials led the surgery to be less
traumatic, more controlled, and easier to be performed.33–36 The
modifications of the traditional approach to lateral sinus floor
elevation that have been introduced to reduce intraoperative com-
plications are part of this clinical and scientific development. Both
devices tested in this randomized clinical trial showed good results
and could be adopted in the clinical practice, guarantying increased
intraoperative control and safety for a less risky surgery.
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