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ABSTRACT
Aims: To evaluate whether piezoelectric bone surgery (PBS) for lateral maxillary sinus floor eleva-
tion reduces risk of intraoperative complications, requires prolonged surgical time and improves 
the survival rate of dental implants in comparison with conventional rotary instruments.
Materials and methods: This meta-analysis followed PRISMA guidelines and was registered in 
the PROSPERO database (CRD42019122972). The PubMed, Embase, Scopus and Open Grey 
databases were screened for articles published from 1 January 1990 to 31 December 2018. The 
selection criteria included randomised controlled trials (RCTs) and case-control studies (CCTs) 
comparing PBS with rotary instruments in lateral sinus augmentation and reporting intraoperative 
and postoperative outcomes (e.g. sinus membrane perforations, surgical time and implant failure 
rate). The risk of bias assessment was performed using the Cochrane Collaboration’s tool for 
RCTs. A meta-analysis was performed, and the power of the meta-analytic findings was assessed 
via trial sequential analysis (TSA).
Results: Four RCTs met the inclusion criteria and were included in the review. The meta-analysis 
showed that, although a lower incidence of membrane tearing occurred when using PBS, the 
difference between the two groups was not significant. However, the power of evidence for 
this outcome, as determined by the TSA, was weak. Moreover, there was moderate evidence 
suggesting that PBS prolongs the surgery duration (mean difference of 3.43 minutes), whilst 
insufficient data was present to assess if PBS improves the survival rate of implants inserted in 
augmented sinuses.
Conclusions: The power of the evidence was too weak to confirm the above-mentioned findings 
and further well-designed randomised clinical trials are needed to draw definitive conclusions.
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Introduction

Alveolar remodelling and maxillary sinus pneu-
matisation following tooth loss may represent 
problems when planning implant-supported 

rehabilitation in the posterior maxilla1. Postextrac-
tive bone remodelling leads to significant horizon-
tal and vertical resorption of the edentulous bone 
crest, and ridge preservation techniques (to main-
tain adequate three-dimensional bone volume for 
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implant surgery) are not always effective in limit-
ing this process2. When residual bone height is 
insufficient for implant placement but interarch 
relationships are still acceptably preserved, sinus 
floor elevation with lateral approach (LASFE) is 
a well-tested regenerative option to re-establish 
adequate crestal height for implant placement3,4. 
LASFE, derived from the Caldwell-Luc approach5,6, 
was first proposed by Tatum7 and subsequently 
modified by various authors8,9. After elevating a 
full-thickness mucoperiosteal flap, a bony window 
is created on the lateral sinus wall (antrostomy) 
with a round diamond or carbide bur to access 
the sinus membrane. The perimeter of the antros-
tomy is carefully outlined avoiding damaging the 
underlying membrane, and the bony window is 
then reflected into the sinus cavity or removed. 
The sinus membrane is dissected and elevated 
from the sinus floor and surrounding bone walls 
using specific manual curettes. This newly created 
space is subsequently grafted with various bio-
materials (originally autogenous bone from the 
iliac crest10,11 and more recently autografts from 
other intraoral and extraoral sources, allografts, 
xenografts or alloplasts12-17), to promote new 
bone regeneration and allow insertion of implants 
of adequate length. Bone substitutes are reliable 
alternatives to autogenous bone and their use 
avoids disadvantages related to autografts, includ-
ing higher morbidity, limited availability and low 
volumetric stability18,19. Implants inserted after 
LASFE demonstrated satisfactory clinical outcomes 
(95% survival rate after 5 years or more of load-
ing20), even if no long-term randomised controlled 
trials comparing different treatment modalities are 
present in the literature.

However, LASFE is also associated with a num-
ber of intraoperative complications, such as sinus 
membrane perforation, haemorrhagic events, 
infra-orbital neurovascular bundle injury, implant 
dislocation into the sinus cavity and, very infre-
quently, adjacent teeth devitalisation21-23. The 
sinus membrane perforation is by far the most 
frequent complication and its occurrence (usu-
ally during antrostomy or membrane elevation) 
is an issue which must be managed by the clin-
ician to complete the intervention and avoid graft 

displacement into the sinus cavity24. Rotary instru-
ments, originally proposed to perform antrostomy 
on the lateral sinus wall7-11, are associated with a 
high risk of membrane perforation during this sur-
gical phase (20.4%)24. After a pioneering technical 
note by Torrella et al25, who described the use of 
the conventional periodontal ultrasonic generator 
to perform lateral antrostomy, a novel device spe-
cifically designed for piezoelectric bone surgery 
(PBS) was introduced in this field in 200126, aim-
ing to reduce the risk of membrane perforation 
during antrostomy by taking advantage of specific 
physical characteristics of ultrasonic bone cutting. 
The micro-vibrations of piezoelectric tips allow 
extremely precise osteotomies with enhanced sur-
gical control, coupled with selective cutting action 
of mineralised tissues27,28; these features improved 
the predictability and decreased complication rates 
of LASFE.

Many studies with various designs investigating 
ultrasonic antrostomy have been conducted over 
the years and a recent systematic review24 showed 
that the mean incidence of membrane perforation 
reported in the literature was 10.9% when using 
piezoelectric surgery. Furthermore, two meta-anal-
yses29,30 compared the clinical outcomes of LASFE 
conducted with rotary instruments or piezoelec-
tric devices. The inclusion criteria adopted in both 
studies, however, were not particularly restrictive: 
Atieh et al29 included randomised and non-ran-
domised clinical trials (RCT and CCT), together 
with retrospective studies in the final analysis; and 
Jordi et al30 included case series, retrospective and 
prospective studies (with and without a control 
group).

The aim of the present systematic review, meta-
analysis and trial sequential analysis (TSA) was to 
analyse the clinical outcomes of LASFE (intraop-
erative and postoperative complications, surgical 
time and implant survival rate), comparing the PBS 
with the use of conventional rotary instruments. 
The present meta-analysis adopted strict inclusion 
criteria for study selection (only prospective stud-
ies with a control group), and the statistical data 
reliability in the meta-analysis was quantified by 
means of TSA (taking into consideration type 1 
and 2 errors).
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Material and methods

Protocol and search strategy

The present systematic review was conducted 
in accordance with PRISMA (preferred reporting 
items for systematic reviews and meta-analyses) 
guidelines31 and registered in the PROSPERO (the 
international prospective register of systematic 
reviews) database (www.crd.york.ac.uk/PROS-
PERO) with registration no. CRD42019122972.

Focus question

The PICO (patient, intervention, comparison and 
outcome) question that the present systematic 
review aimed to answer was: “Does PBS for lat-
eral maxillary sinus floor elevation reduce risk of 
intraoperative complications, require prolonged 
surgical time and improve the survival rate of den-
tal implants compared with conventional rotary 
instruments?”.
•	 Population: patients requiring LASFE to allow 

dental implants placement
•	 Intervention: PBS for lateral antrostomy
•	 Comparison: conventional rotary instruments 

for lateral antrostomy
•	 Outcomes: intraoperative complications, im-

plant failure, surgical time.

Information sources

A detailed electronic search was conducted by 
two independent authors (A. R. and A. E.), who 
screened, in duplicate, the PubMed, Embase, 
Scopus and Open Grey databases from 1 Janu-
ary 1990 to the latest entry on 31 December 2018. 
No language restriction was applied, to limit the 
selection of bias.

Search

Electronic database searches were performed using 
the following algorithms:
•	 PubMed: (piezosurgery OR piezo* OR ultra-

sonic* OR rotary instrument* OR conventional 
drill*) AND (sinus lift OR sinus floor elevation 
OR sinus augmentation OR sinus graft*);

•	 Embase: ((piezosurgery:ti OR piezo$:ti OR 
ultrasonic$:ti OR ‘rota$ instrument$’:ti OR ‘con-
ventional drill$’:ti) AND ‘sinus lift$’:ti OR ‘sinus 
floor elevation’:ti OR ‘sinus augmentation’:ti 
OR ‘sinus graft$’:ti) AND [1990-2018]/py;

•	 Scopus: (piezosurgery OR ultrasonic OR piezo-
electric OR rotary) AND (sinus floor elevation 
OR sinus lift OR sinus augmentation);

•	 Open Grey: (piezosurgery OR piezoelectric sur-
gery OR ultrasonic surgery OR rotary instru-
ment$ OR sinus lift$ OR sinus floor elevation 
OR sinus augmentation OR sinus graft$).

Furthermore, references in all selected papers and 
in previously published systematic reviews on this 
topic24,29,30 were checked for additional studies. 
The last 5 years (2014 to 2018) of pertinent dental 
journals (Implant Dentistry, Clinical Oral Implants 
Research, Clinical Implant Dentistry and Related 
Research, The International Journal of Oral and 
Maxillofacial Implants, The International Journal 
of Periodontics and Restorative Dentistry, Journal 
of Clinical Periodontology, British Journal of Oral 
and Maxillofacial Surgery, Journal of Cranio-max-
illofacial Surgery, Journal of Oral Implantology, and 
Journal of Periodontology) were hand searched to 
identify any potentially relevant paper.

Selection of studies

Two blinded independent authors (F. B. and G. T.) 
performed, in duplicate, a study eligibility assess-
ment. Intraexaminer reliability in the study selec-
tion process was assessed using the Cohen’s κ test, 
assuming a threshold value of 0.6132. Conflicts 
were resolved by discussion of each article until 
reaching consensus. Attempts to contact corre-
sponding authors of the included studies were 
made to retrieve any missing information or clarify 
specific items.

Types of studies

The present systematic review included only pro-
spective studies conducted on human subjects. 
Both reviews and studies of lower quality within 
the hierarchy of scientific evidence (such as expert 
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opinions, letters, case reports, case series and 
retrospective studies) were excluded.
Studies were evaluated for selection according to 
the following criteria:
•	 Inclusion criteria: randomised controlled trials 

(RCTs) and case-control studies (CCTs) (≥ 10 
patients/group) comparing the PBS with con-
ventional rotary instruments in lateral sinus 
augmentation and reporting intraoperative and 
postoperative outcomes (e.g. sinus membrane 
perforations, bleeding events, surgical time and 
implant failure rate) for both groups.

•	 Exclusion criteria: meta-analyses, systematic 
and narrative reviews, RCTs and CCTs with less 
than 10 patients per group, retrospective stud-
ies, case series, case reports, ex vivo, in vitro and 
animal studies were excluded. Studies without 
a control group, or with a different comparison 
than the antrostomy technique, or providing 
insufficient data (antrostomy technique not 
clearly described; no clear mention of intraop-
erative complications) were also excluded.

Sequential search strategy

Following the initial literature search, all articles 
were screened to eliminate irrelevant publications, 
in vitro and animal studies, case reports, case 
series, retrospective studies and review articles. 
Studies were screened further based on relevance 
of data reported in abstracts. Finally, the full texts 
of the selected papers were examined to confirm 
study eligibility, following the inclusion and exclu-
sion criteria.

Data extraction

Two authors (C.S. and T.L.) using predefined forms 
independently extracted the following information 
from the selected studies:
•	 Study characteristics: title, authors’ names, 

corresponding author nationality, language of 
publication, year of publication, journal name, 
journal impact factor (IF) in the year of pub-
lication, ethics committee/institutional review 
board approval, source of study funding, study 
design (parallel group or split-mouth), method 

of randomisation, duration of follow-up, allo-
cation concealment and blinding (participants, 
investigators, outcome examiners).

•	 Participants: demographic characteristics, 
health condition of participants, smoking sta-
tus, number of participants in test and control 
groups, number of and reasons for dropouts.

•	 Intervention: use of PBS for LASFE – type of 
piezoelectric device, membrane elevation tech-
nique, type of grafting material, number of 
inserted implants.

•	 Comparison: use of conventional rotary instru-
ments for LASFE – membrane elevation tech-
nique, type of grafting material, number of 
inserted implants.

•	 Outcomes: (1) intraoperative biological com-
plications (e.g. membrane perforation, bleed-
ing events) and postoperative complications, 
including implant failure; (2) surgical time.

Attempts to contact the corresponding authors of 
the included studies were made to retrieve any 
missing information or clarify specific items.

Assessment of risk of bias in individual 
studies

Two reviewers (C.S. and F.B.) independently 
assessed the risk of bias in the selected studies 
using the Cochrane Collaboration’s tool for risk of 
bias assessment33. The analysis was based on the 
evaluation of six items (random sequence genera-
tion, allocation concealment, blinding of outcome 
assessment, incomplete outcome data, selective 
reporting and other sources of bias). Studies were 
then classified into (a) studies with low risk of bias 
when all criteria were met, (b) studies with unclear 
risk of bias when one or more criteria were partially 
met, or (c) studies with high risk of bias when one 
or more criteria were not met.

Assessment of risk of bias across studies

Heterogeneity was assessed using the χ2-based 
Q-statistic method with a significant P value < 0.05. 
However, due to the relative insensitivity of the 
Q statistic34, an I2 index was also reported with 
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values ≥ 50% considered to be associated with 
the substantial heterogeneity of the studies35. In 
particular, the I2 index describes the percentage of 
total variation across studies due to heterogeneity 
rather than chance. The Review Manager soft-
ware (version 5.2.6, http://www.cochrane.org) 
was used for the heterogeneity assessment.

Data synthesis

The membrane perforation rate in the test and 
control groups was pooled by calculating the risk 
ratio (RR) and its 95% confidence interval (CI), 
while the surgical procedure duration data were 
meta-analysed, computing a mean difference 
(MD) between the procedures analysed. A fixed- 
or a random-effect model was used based on the 
presence of heterogeneity (calculated as men-
tioned above). In the meta-analysis, both cross
over and parallel studies were pooled assuming the 
absence of the carry-over effect between different 
interventions performed on the same patient. The 
overall effects were compared using the inverse 
of variance test setting P < 0.05 as the thresh-
old of statistical significance. In addition, a TSA 
was performed to adjust the results for the pres-
ence of type 1 and 2 statistical errors and analyse 
the power of available evidence (Trial Sequential 
Analysis v0.9 β, Copenhagen Trial Unit, Copen-
hagen, Denmark). Specifically, a type 1 error of 
5% and a power of 80% (type 2 error = 80%) 
were set to calculate trial sequential monitoring 
boundaries, futility boundaries and the required 
information size (RIS). A graphical evaluation was 
performed to analyse whether the Z-curve (show-
ing the treatment effect) crossed one or more of 
these thresholds.

Results

Description of studies

A total of 1345 articles (in English, German, Chi-
nese, Italian, French, Japanese, Korean, Russian 
and Romanian) resulted from the initial search (147 
from PubMed, 985 from Embase, 108 from Scopus, 

105 from Open Grey and none from other sources). 
After removing duplicates, 1169 titles were exam-
ined and 1157 were excluded after reviewing the 
abstracts (Cohen’s κ test for inter-reviewer agree-
ment = 0.91). Twelve articles were downloaded in 
full text36-47 and four studies36,38,39,45, matching 
the inclusion and exclusion criteria, were included 
in the final analysis (Cohen’s κ test for inter-
reviewer agreement = 1). The results from the 
electronic and manual searches are summarised in 
Figure 1. The list of excluded studies and reasons 
for exclusion are provided in Table 1. Three stud-
ies36,38,45 out of four were RCTs with split-mouth 
design, and one39 was a parallel-group RCT. The 
authors of one trial38 declared that the study was 
self-funded, whilst no information about funding 
was present in the other three articles36,39,45. Only 
one39 of the included studies reported Ethics Com-
mittee approval. The complete characteristics of 
the included studies are summarised in Table 2.

Fig 1    Flowchart of the search process.
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Patient characteristics

The sample size in the single studies ranged from a 
minimum of 1245 to a maximum of 3638 patients. 
The total number of treated patients was 82 (39 
females, 31 males and 12 not specified). One 
study45 did not report the sex distribution. The 
age range varied from 3139 to 7638 years old. One 
study45 did not report the age of the patients.

Patients were enrolled in the individual studies 
according to the following criteria:
Inclusion criteria
•	 healthy patients36,39

•	 residual bone height < 5 mm39,45

•	 class V (flat ridge form, inadequate in height 
and width)36 or V-VI (extreme atrophy with 
depressed ridge form)38 according to the 
Cawood and Howell48 classification

•	 totally38 or partially36,45 edentulous patients
•	 need of bilateral36,38,45 or unilateral/bilateral39 

sinus augmentation.
Exclusion criteria
•	 history of systemic diseases that contraindicate 

surgical treatment36,45

•	 history of radiotherapy in the head and neck 
region38,45

•	 immunosuppressed or immunocompromised45

•	 uncontrolled diabetes45

•	 use of antibiotics or steroids within 30 days 
before surgery39

•	 treated or undergoing treatment with intrave-
nous aminobisphosphonates45

•	 pregnant or nursing45

•	 substance abusers, psychiatric problems or 
unrealistic expectations45

•	 heavy smokers (> 10 cigarettes/day)36,39

•	 maxillary sinus pathologies36,38,39,45

•	 active periodontitis and/or poor oral hygiene 
and motivation45

•	 history of reconstructive pre-prosthetic surgery 
or previous implant surgery38

•	 lack of opposite occluding dentition/prosthesis 
in the area intended for implant placement45.

Surgical procedures

A bilateral36,38,45 or unilateral39, two-stage LASFE 
was performed (stage-one, bone grafting; stage-
two, implant placement). The PBS was used for 
lateral antrostomy on the test side and conven-
tional rotary instruments on the control side in all 
included studies. In both test and control groups of 
the included studies, the bony window was gently 
pushed inside the sinus cavity, forming the roof 
for bone regeneration36,38,39,45. The sinus mem-
brane elevation was completed using manual sinus 
curettes in both the test and control groups in three 
studies36,38,39, whilst Scarano et al45 used manual 
curettes in the control group and nasal suction 
in combination with manual curettes in the test 
group. The space underneath the elevated mem-
brane was grafted with autogenous bone from the 
iliac crest38, allograft39 and xenograft36, whilst one 
study did not report the biomaterial used45.

Risk of bias in the individual studies

One study38 was judged to be at low risk of bias 
after the authors provided additional information 
not included in the original article. Three stud-
ies36,39,45 were judged to be at high risk of bias 
(Table 3).

Complications

The sinus membrane perforation was the only 
intraoperative complication observed in the four 
selected studies. In total, nine perforations out of 
72 interventions occurred in the PBS group (12.5%) 
and 12 perforations out of 71 interventions 
were recorded in the ‘rotary instruments’ group 
(16.9%). Two studies described the perforation 

Table 1    Reasons for excluding individual studies 
 

Reference Reason

Lomartire et al (2011)37 Less than 10 patients per group

Seoane et al (2013)40 Animal study

Weitz et al (2014)41 Retrospective study

von Arx et al (2014)42 Retrospective study

Stacchi et al (2015)43 Lack of control group with rotary instruments

Geminiani et al (2015)44 Retrospective study

Guerrero (2015)46 No case-control study

Stacchi et al (2017)47 Lack of control group with rotary instruments
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Table 2    Characteristics of the included studies 

Characteristics Barone et al (2008)36 Rickert et al (2013)38 Delilbaşı and Gurler 
(2013)39

Scarano et al (2015)45

Study design RCT (split-mouth) RCT (split-mouth) RCT (parallel group) RCT (split-mouth)

Country Italy Netherlands Turkey Italy

Journal (IF) Clinical Oral Implants 
Research (2.756)

Clinical Implant Dentistry and 
Related Research (3.821)

Implant Dentistry (1.404) Journal of Craniofacial 
Surgery (0.700)

Patients/sinuses 13/26 36/72 21/21 12/24

PBS 13/13 36/36 11/11 12/12

CT 13/13 36/36 10/10 12/12

Mean age (range), years 56.6 (45–67) 59.2 (38–76) PBS 48.8 (31–66)
CT 46.2 (38–51)

NR

Antrostomy technique Bone window pushed 
inside the sinus cavity

Bone window pushed inside 
the sinus cavity

Bone window pushed 
inside the sinus cavity

Bone window pushed 
inside the sinus cavity

Piezoelectric device Piezosurgery Mectron, 
Italy

Piezosurgery Mectron, Italy Piezon Master EMS, Swit-
zerland

Surgysonic, Esacrom, 
Italy

Conventional instruments DB DB DB, osteotomes and 
mallets

DB

Membrane elevation MSC MSC MSC PBS: nasal suction/MSC
CT: MSC

Grafting material Xenograft Autologous Allograft NR

Membrane perforation 
rate (%)

PBS 30.8 11.1 9.1 0

CT 23.1 11.1 10 33.3

Surgical duration (min) PBS 11.5 ± 3.8 15.1 ± 2.9 20.2 ± 8.6 NR

CT 10.2 ± 2.4 11.1 ± 2.4 18.0 ± 8.2 NR

Implant failure rate 
(%)

PBS NR 0 NR NR

CT NR 0 NR NR

CT, conventional technique; DB, diamond burs; IF, impact factor; MSC, manual sinus curettes; NR, not reported; PBS, piezoelectric bone surgery; RCT, 
randomised clinical trial.

Table 3    Risk of bias among individual studies 

Barone et al (2008)36 Rickert et al (2013)38 Delilbaşı and Gurler (2013)39 Scarano et al (2015)45

Random sequence 
generation

Low risk; reported in the article 
as “computer-generated rand-
omization list”

Low risk; reported in the art-
icle as “by envelopes”

Unclear; insufficient infor-
mation

Unclear; insufficient infor-
mation

Allocation conceal-
ment

Low risk; reported in the article 
as “An independent evaluator 
distributed the test and control 
sites…”

Low risk; the authors replied 
to a previous reviewer26 
“opaque numbered sealed 
envelopes”

High risk; NR High risk; NR

Blinding of outcome 
assessment*

High risk; the authors replied 
that “the assessors were not 
blinded”

Low risk; the authors replied 
to a previous reviewer26 “the 
assessors were blinded”

High risk; NR High risk; NR

Incomplete outcome 
data

Low risk; all data presented Low risk; all data presented High risk; it is unclear how 
dropouts influenced out-
comes

High risk; 30 patients 
were randomised, 
12 patients received 
intervention

Selective reporting Low risk; all outcomes seem to 
be reported

Low risk; all outcomes seem 
to be reported

Low risk; all outcomes seem 
to be reported

Low risk; all outcomes 
seem to be reported

Other bias None detected None detected None detected None detected

*The risk of bias for non-blinded operators performing the treatment was not judged as a significant risk of bias. NR, not reported.
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characteristics: Barone et al36 reported four per-
forations out of 13 interventions using PBS (inci-
dence 30.7%; one perforation larger than 3 mm, 
three smaller than 2 mm) and three perforations in 
the control group (incidence 23%; all perforations 
smaller than 2 mm); and Scarano et al45 reported 
no perforations in 12 interventions when using 
PBS and four perforations smaller than 5 mm in 
the control group (33.3%). None of the studies 
reported when perforations occurred (e.g. during 
antrostomy, during membrane elevation or during 
grafting procedure). The meta-analysis revealed 
no significant differences in terms of membrane 
perforation rate between test and control group 
(RR = 0.75; 95% CI = 0.35–1.64; P = 0.48; Fig 2). 
No heterogeneity was noted (I2 = 0%; df = 3; 

P = 0.44; χ2 = 2.73) and therefore a fixed-effect 
model was used. These results were confirmed 
by TSA, however, such analysis showed that a 
much more powered information size (RIS = 2034 
interventions, compared with 143 interven-
tions included in the present meta-analysis) was 
required to draw conclusions about the magnitude 
of the treatment effect (Fig 3).

No other intraoperative complications were 
recorded. Two postoperative sinus infections (one 
in the test group and one in the control group) 
were reported in one trial39. Implant failure was 
reported in one study38; the survival rate one year 
after prosthetic loading was 100%.

Surgical time

Three studies36,38,39 recorded the duration of the 
antrostomy and sinus membrane elevation in both 
the test and control groups. The mean difference 
between the two procedures was 3.43 minutes, 
significantly favouring the control group (95% 
CI = 2.34–4.51; P < 0.00001; Fig 4). Some het-
erogeneity was present across the three included 
studies (I2 = 48%; df = 2; P = 0.15; χ2 = 3.86); 
however, as the P value of the Q test was 0.15, a 
fixed-effect model was used. The TSA confirmed 
these findings as shown by the Z-curve crossing 
the lower trial sequential monitoring boundary. In 
addition, the power was close to the RIS threshold 
(136 interventions comprised the required sample 
to have a power of 80% versus 119 interventions 
included in the present meta-analysis), showing a 
moderate power of evidence (Fig 5).

Fig 2    Sinus mem-
brane perforation

Reference PBS Control Risk Ratio
M-H, Fixed, 95% Cl

Risk Ratio 
M-H, Fixed, 95% ClEvents Total Events Total Weight

Barone et al (2008)36 4 13 3 13 23.9% 1.33 [0.37, 4.82]

Delilbaşı and Gurler (2013)39 1 11 1 10 8.3% 0.91 [0.07, 12.69]

Rickert et al (2013)38 4 36 4 36 31.9% 1.00 [0.27, 3.69]

Scarano et al (2015)45 0 12 4 12 35.9% 0.11 [0.01, 1.86]

Total (95% CI) 72 71 100.0% 0.75 [0.35, 1.64]

Total events 9 12

Heterogeneity: Chi2 = 2. 73, df = 3 (P = 0.44); I2 = 0%

Test for overall effect: Z = 0. 71 (P = 0.48) 

0.01	 0.1	 1	 10	 100
Favours PBS	 Favours Control

Fig 3    Trial sequential analysis for the variable ‘sinus membrane perforation’.
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Discussion

Clinical findings

Many clinical applications of PBS have been pro-
posed in the oral and maxillofacial fields, including 
dental extraction, ridge splitting, implant site prep-
aration, bone harvesting and orthodontic cortico-
tomies49-55. In addition to these, ultrasonic lateral 
antrostomy for sinus floor elevation has been one 
of the most popular techniques among clinicians 
since its introduction26. The ability of piezoelectric 
devices to selectively cut mineralised tissues has 
been considered an important feature, possibly 
reducing the risk of the most common intraopera-
tive complication in LASFE, namely the sinus mem-
brane perforation. This represents an important 
factor to improve the clinical outcomes of the pro-
cedure. A recent meta-analysis56 demonstrated 
that membrane tearing significantly affects post-
operative sinusitis after implant surgery.

Three main surgical techniques are possible 
when using PBS in LASFE: (i) lateral bone window 
outlining and subsequent reflection into the sinus 
cavity; (ii) window outlining and removal; (iii) con-
suming the lateral wall until the membrane is vis-
ible under a thin layer of bone before outlining the 
window. Previous reviews and RCTs showed that 
thinning the lateral wall before window outlining is 
associated with a lower risk of membrane perfor-
ation compared to the other two approaches24,43.

The results of the present systematic review 
did not support the hypothesis that PBS is safer 
than the rotary instruments in preventing the 
sinus membrane perforation. Although a slightly 
lower incidence of membrane tearing occurred 
using PBS for lateral antrostomy compared with 

rotary burs, the difference between the two 
groups was not significant. This outcome is in 
accordance with a previous meta-analysis by 
Atieh et al29, but in disagreement with two other 
recent systematic reviews by Stacchi et al24 and 
Jordi et al30, in which PBS significantly reduced 
the incidence of membrane perforation. Some 
considerations arise from analysing these discrep-
ancies: Stacchi et al24 and Jordi et al30 included a 
broad number of articles, while the present sys-
tematic review and the meta-analysis by Atieh 
et al29 adopted very strict inclusion criteria, 
selecting only studies whose primary aim was 
to compare PBS and rotary instruments solely 
in terms of intraoperative complications during 
LASFE. This choice led to the inclusion of a very 

Fig 4    Duration of 
surgery

Reference PBS Drilling Mean Difference IV,  
Fixed, 95% Cl 

Mean Difference IV,  
Fixed, 95% Cl Mean SD Total Events AD Total Weight

Barone et al (2008)36 11.5 3.8 13 10.2 2.4 13 19.8% 1.30 [–1.14, 3.74]

Delilbaşı and Gurler (2013)39 20.2 8.58 11 18 8.23 10 2.3% 2.20 [–4.99, 9.39]

Rickert et al (2013)38 15.1 2.9 36 2.4 2.4 36 78.0% 4.00 [2.77, 5.23]

Total (95% CI) 60 59 100% 3.43 [2.34, 4.51]

Heterogeneity: Chi2 = 3.86, df = 2 (P = 0.15); I2 = 48%

Test for overall effect: Z = 6.18 (P < 0.00001) 
–10	 –5	 0	 5	 10

Favours PBS	 Favours drilling

Fig 5    Trial sequential analysis for the variable ‘duration of surgery’.
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limited number of articles in the final analysis. An 
additional possible bias was the type of ultrasonic 
approach. In fact, bone window outlining and 
reflection into the sinus cavity was performed in 
all four included RCTs. This surgical technique 
was previously described as the least predictable 
for piezoelectric antrostomy, resulting in a perfor-
ation risk (17.6%) comparable to rotary instru-
ments24. In addition, none of the included RCTs 
specified the surgical phase in which perforations 
occurred. If the membrane was damaged during 
elevation or the grafting procedure it would have 
been completely independent from the use of 
PBS or rotary burs.

In the present systematic review, the surgical 
duration was significantly longer with PBS than 
with the conventional rotary instruments, accord-
ing to the meta-analysis by Atieh et al29. However, 
it remains unclear if the mean difference between 
the two techniques (approximately 3 minutes and 
30 seconds) represents a real clinical advantage for 
both operator and patient.

Insufficient data (small sample, heterogeneity 
of grafting materials and missing information on 
implant survival) did not allow to evaluate the 
influence that the use of PBS or rotary instru-
ments during antrostomy have on the survival 
rate of implants inserted following sinus augmen-
tation.

Quality of evidence

Three36,39,45 out of four RCTs included in the pre-
sent systematic review were judged to be at high 
risk of bias, with the fourth38 at low risk of bias. 
The TSA conducted for the membrane perfor-
ation risk showed that the power of evidence of 
this meta-analysis was extremely weak. A sample 
size of 2034 interventions, compared with the 
143 interventions included in the present system-
atic review, was needed to evaluate the magnitude 
of the treatment effect. Further well-designed clin-
ical trials comparing the most predictable ultrasonic 
approach (consuming the lateral wall) to conven-
tional rotary instruments and recording the exact 
moment of membrane perforation are required to 
draw definitive conclusions on this point.

Conversely, the TSA analysing the difference 
in surgical duration between the two techniques 
confirmed a moderate power of the evidence and 
suggested that ultrasonic surgery is slower than 
the rotary instruments in performing lateral antros-
tomy. For this specific item, the power of the pre-
sent meta-analysis was close to the threshold of 
the required information size (119 included inter-
ventions versus 136 interventions necessary for a 
power of 80%). However, it should also be noted 
that only three studies were included in the final 
analysis for this specific outcome36,38,39, with two 
of them judged at high risk of bias.

Limitations

It should be stated that the strict inclusion criteria 
adopted in the present meta-analysis increased the 
study homogeneity but, at the same time, also the 
risk of excluding significant data57. In fact, bone 
window outlining and reflection into the sinus 
cavity was performed in all four included RCTs. 
This surgical technique was previously described as 
the least predictable for piezoelectric antrostomy, 
resulting in a perforation risk (17.6%) comparable 
to rotary instruments24. In addition, none of the 
included RCTs specified the surgical phase in which 
perforations occurred. If the membrane was dam-
aged during elevation or the grafting procedure it 
would have been completely independent from 
the use of PBS or rotary burs.

None of the included RCTs analysed patient 
discomfort during and after the procedure; accu-
rate evaluation of intraoperative and postoperative 
pain and swelling should be performed by future 
trials to have additional information to choose 
between the two techniques.

Nevertheless, the methodological approach 
of the present study could help clarify the real 
available evidence on this specific topic and may 
motivate researchers to design appropriate future 
clinical trials. Hence, the results reported in the 
present meta-analysis should be interpreted with 
caution.
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Conclusions

Based on the results of the present meta-analysis 
and TSA to assess if the piezoelectric bone surgery 
for lateral maxillary sinus floor elevation reduces 
the risk of intraoperative complications, prolongs 
surgery duration and improves the survival rate 
of dental implants compared with conventional 
rotary instruments, the following conclusions can 
be drawn:
•	 There was weak evidence suggesting that 

there is no difference in membrane perforation 
risk between piezoelectric surgery and rotary 
instruments;

•	 There was moderate evidence suggesting that 
piezoelectric surgery prolongs surgery duration 
when compared with rotary instruments;

•	 There were insufficient data to assess if piezo-
electric surgery in lateral sinus floor elevation 
improves the survival rate of dental implants 
inserted in augmented sinuses, when com-
pared with conventional rotary instruments.

Further well-designed, adequately powered ran-
domised clinical trials are necessary to improve the 
level of evidence on this topic.
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