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Abstract

Background: The main objective of this systematic review was to compare primary and secondary implant stabil-
ity between placement with piezoelectric osteotomy and conventional drilling, comparing marginal bone losses
as a secondary objective.

Material and Methods: An electronic search was conducted using PubMed (MEDLINE), Scopus, and Cochrane
Library (Wiley) databases, besides a manual search.

Results: A total of 153 articles were retrieved, 39 from Pubmed, 44 from Scopus, and 70 from the Cochrane
Library. After removing duplicates, 112 articles (1 from the manual search) were screened, and 9 were finally
selected for qualitative and statistical analyses.

Conclusions: Piezoelectric surgery is a predictable alternative to conventional drilling for dental implant place-
ment. Medium/long-term survival rates and marginal bone losses are similar between piezoelectric osteotomy and
conventional drilling, and there is no difference in ISQ values for primary stability. However, implants placed with
ultrasound showed a lower decrease in implant stability quotient (ISQ) during the osseointegration period and a
higher ISQ value for secondary stability. This study contributes further information on peri-implant bone tissue
at 3 and 6 months after implant placement with piezoelectric osteotomy or conventional drilling and provides an
updated meta-analysis of comparative studies.

Key words: Piezosurgery, piezoelectric surgery, conventional drill, implant site preparation, dental implant, implant
stability, marginal bone loss.
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Introduction

The stability of dental implants can be evaluated at
any time point by resonance frequency analysis (RFA),
a non-invasive procedure, using the implant stability
quotient (ISQ) scale (0-100 points) (1). It can also be as-
sessed at implant placement according to the insertion
torque (IT), among other techniques. Conventional ro-
tary drilling is the most common approach to bone bed
preparation, but other predictable systems are available.
Vercellotti at al. (2) were the first to apply ultrasound
in oral surgery using piezoelectric osteotomy (PO),
which allows hard tissue to be cut without damaging
soft tissues such as oral mucosa, blood vessels, nerves,
or Schneider’s membrane (3).

The level of heat generated in the implant bed is a key
factor for treatment predictability (4,5), and numerous
studies have evaluated the safety of PO for bone bed
preparation, comparing the temperature produced by
PO versus conventional drilling (CD). One research
group (6) reported that the heat generated in the im-
plant bed during PO was not influenced by the degree
of pressure exerted but that the irrigation volume was
related to the increase in bone cortex temperature. An-
other study found that bone healing was not affected
by the heat generated by CD or PO (7). Preclinical ani-
mal research has shown that PO promotes osteogenesis,
controls inflammation, and is superior to drilling during
the first phases of wound healing (8,9). Some clinical
studies have indicated that PO is less invasive than CD,
producing peri-implant bone compaction and promot-
ing osteogenesis (10,11), although other authors found
no difference between the techniques in the amount of
new bone formed during osseointegration (12). Long-
term follow-up studies have observed that implants
placed with PO have a good survival rate, close to 90-
100% (13,14).

The main drawback of PO is considered to be the time
needed to prepare the implant bed (15), although one
study observed no significant difference in the duration
of PO and CD (16). PO has become more widespread
due to the lower tissue damage produced.

The main objective of this systematic review was to
compare primary and secondary stability in implants
between placement with PO and CD, comparing the
marginal bone loss (MBL) as a secondary objective.

Material and Methods

This study was conducted in accordance with PRISMA
criteria and guidelines for systematic reviews and meta-
analyses (17).

- Focused question

The PICO (population, interventions, comparisons, out-
comes) question was: In patients with dental implants,
what is the effectiveness of implant bone bed prepara-
tion by PO in comparison to CD in terms of primary
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and secondary stability and MBL?

- Eligibility criteria

Inclusion criteria: Randomized or non-randomized
controlled clinical trials; studies comparing clinical
or radiological results between implants placed by CD
versus PO; studies of primary/secondary stability us-
ing resonance frequency analysis (RFA); and studies of
MBL during follow-up using radiography.

The study population (P) comprised patients receiving
one or more implants by PO (I) and/or CD in any region
of the mouth. The outcome (O) was the ISQ value by
RFA and/or the MBL by radiographic analysis. Primary
and secondary ISQ values were considered as primary
response variable and MBL after bone healing as sec-
ondary response variable. Data were also gathered on
the ultrasound system used, mouth region intervened,
follow-up period, and number of implant failures,
among other variables.

Exclusion criteria: Studies in which the surgical phase
involved additional regenerative treatment; absence of
test and control groups; absence of follow-up; observa-
tional studies, case series, and reviews.

- Search strategy and data extraction

An electronic search was conducted in PubMed
(MEDLINE), Scopus, and Cochrane Library (Wi-
ley) databases until 30 April 2020, with no language
or year restrictions, using the following search algo-
rithm: “(piezosurgery OR piezoelectric surgery OR
conventional drill) AND (implant site preparation OR
dental implant OR implant stability OR marginal bone
loss)”. A manual search for eligible studies was also
performed in the International Journal of Oral and
Maxillofacial Implants, Clinical Oral Implants Re-
search, International Journal of Oral and Maxillofa-
cial Surgery, Journal of Craniofacial Surgery, Journal
of Oral implantology, the British Journal of Oral and
Maxillofacial Surgery, Clinical Implant Dentistry and
Related Research, Implant Dentistry, and Quintes-
sence International.

First, the titles and abstracts of retrieved items were
screened by two independent researchers (IGR and
GMB), who then applied inclusion and exclusion crite-
ria to the whole text of selected studies. Cohen’s Kappa
index was calculated to determine the inter-examiner
agreement. Discrepancies were resolved in consultation
with a third researcher (MGJ).

Data were gathered on: country; study design; journal,
number of implants; number, age, and sex of patients;
mouth region intervened; follow-up period; study vari-
ables; number of implant failures; and ultrasound device
(Table 1). Information was also collected on: implant
type, ISQ values, MBL values, and time to definitive
restoration (Table 2); ISQ values from implantation (day
0) to 5 months (Table 3); and MBL from 3 to 24 months
(Table 4).
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Table 1: Description of selected studies.

Piezo-
Coun- | Type of Journal | Implants P - Age/Sex | Region Follow- Variables In?plant surgical
try study tients up failures .
device

Stacchi | Italy Single- Clin Test: 20 20 41-81 Maxil- | 7-14-21- 1SQ Test: 0 Piezo-
etal., blind, ran- | Implant | Control: lary |28-42-56- Control: | surgery®
2013 domized, Dent 20 Male: 12 | premolar | 90 days 1 (Mectron,

controlled | Relat Res Female: 8 [ region and 1 Carasco,
clinical trial year Italy)

DaSilva| Brazil | Random- | BrJOral [ Test: 34 30 20-60 Maxil- 90-150 ISQ Test: 0 Not re-

Neto et ized, Maxillo- | Control: lary days Control: | ported

al., 2014 controlled | fac Surg 34 Male: 6 | premolar 0
split-mouth Female: | region
trial 24
Canullo | Spain | Random- | ClinOral | Test: 15 15 32-76 Man- 1-3-8-12 [ISQ,MBL | Test: 0 EMS
etal., ized con- | Implants | Control: dibular weeks Control:
2014 trolled trial Res 15 Male: 6 molar and 1 1
Female: 9 region year
Peker | Turkey | Random- | ClinOral | Test: 20 15 31-64 Maxil- | 2-4-8-12-| MBL, Test: 1 Piezon-

Tekdal ized, Implants | Control: lary 24 weeks | VAS, Control: | master®
etal., controlled, Res 20 Male: 4 | posterior PISF, 1 (EMS
2016 split-mouth Female: region MPI, SA,

trial 10 MGI, PD, Nyon,
EHI Switzer-
land)

Makary | Leba- Clinical Implant | Test: 11 10 NR NR 4weeks | IT,ISQ, Test: 0 Not re-
etal., non controlled Dent Control: RTV, bone | Control: | ported
2017 trial 10 densities 0

Scarano | Brazil | Random- |Materials | Test: 25 50 41-63 Man- 1-2-4-6 VAS, Test: 0 Sur-
etal, ized clinical Control: dibular | daysand | VRS, Control: | gysonic
2018 trial 25 Male: 21 | posterior | 3 months time, 1 (Esa-

Female: | region MBL crom,
29 Imola,
Italy)

Giirkan | Turkey | Random- J peri- Test: 19 14 31-64 | Posterior |2-4-8-12-| Cyto- Test: 1 Not re-
etal., ized, odontal | Control: maxilla | 24 weeks |  kines, Control: | ported
2018 controlled, 19 Male: 4 Chemo- 1

split-mouth Female: kines,
trial 10 Growth
factors,

MBL,

MGI,
MPI, PD

Stacchi | Italy | Multicenter,| Biomed | Test: 48 48 39-79 Upper | 6 months | MBL, Test: 8 Piezo-
etal., random- ResInt | Control: orlower | and1-2 | time, IT | Control: | surgery
2018 ized, 48 Male: 18 arch years 8 Touch®

controlled Female: | (incisor, (Mectron,
clinical trial 22 canine or Italy)
premolar
region)

Alattar Iraq Random- | JofCra- | Test: 26 26 19-66 All re- 8-16 IT, time, Test: 0 | Piezosur-
etal, ized, niofacial Con- gions weeks ISQ Control: | gery3®
2018 controlled Surg trol:28 Male: 12 1 (Mectron,

clinical Female: Italy)
study 16

ISQ, implant stability quotient; MBL, marginal bone loss; VAS, visual analoge score; PISF, peri-implant sulcular fluid; MPI, modified plaque
indice; MGI, modified gingival indice; PD, probing depth; IT, insertion torque; RTV, removal torque value; VRS, verbal rating scale; EHI, early
healing index.
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Table 2: Methodology of selected studies.

Stability and marginal bone loss with piezosurgery versus conventional drilling

Implants (as reported
by authors)

ISQ measurements

MBL evaluation

Implant restoration

Stacchi et al.,
2013

Biomet 3i, NanoTite
Parallel Walled Certain
4.0x10

Blinded operator recorded
ISQ values in medio-distal,
disto-mesial, bucco-lingual

and lingua-buccal directions
in triplicate (Smartpeg, Os-
stell AB, Osstell Mentor).

At 5 months post-
implantation.

Da Silva Neto
etal., 2014

Conical implants with
double-sandblasted and
acid-treated surface and
Morse taper connection

(Neodent, Curitiba,
Brazil)

Duplicate measurements in
buccolingual and mesiodistal
directions (Ostell Mentor)

Restorative procedures
between 90 and 150
days post-insertion.

Canullo et al.,

Two 3.8x10 implants

Duplicate measurements

Based on periapical radio-

Prosthetic loading at

2018

drical Isomer implants
(Albignasego, Padova,
Italy) 4.1x10

bone tissue resorption.
The marginal bone height
was recorded at distal,
mesial, lingual and buccal
sites of each implant at
baseline and 3 months.

2014 inserted with 4.4-mm in mesio-distal and bucco- graphs at baseline and at | 12 weeks post-implan-
platform at crestal bone lingual directions. 15 months. tation.
level, micro-threads,
and sand-blasted and
acid-etched surface
(Premium SP®, Sweden
& Martina)
Peker Tekdal | Biodenta®, Bone Level - CBCT at baseline and -
etal.,2016 |[Implant; Biodenta Swiss 24 weeks. Standardized
AG periapical radiographs at
week 12.
Makary et al., | Conical screw In-Kone | ISQ values in mesiodistal and - At 10 weeks post-
2017 Universal SA implants | buccopalatal or buccolingual implantation.
(Tekka; Global D, Bri- directions.
gnais, France) 4x10
Scarano et al., | Acid-etched and cylin- - CBCT to study crestal -

Giirkan et al.,
2018

Biodenta®, Bone Level
Implant; Biodenta Swiss
AG

Radiographic images
obtained by CBCT at im-
plantation and 24 weeks.

Standardized periapical
radiographs at 12 weeks
using photostimulable
phosphor plate with posi-
tion holders and long-cone
paralleling technique.

Stacchi et al.,
2018

Internal hex implants
with sandblasted/etched
surface (Premium AZT,

Sweden &Martina,
Italy), 3.8x11.5

Periapical radiographs
with long cone paralleling
technique at provisional
crown insertion and at 6,
12, and 24 months after
prosthetic loading.

Alattar et al.,
2018

Dentium, Seoul, Korea

Implant stability in mesiodis-
tal and buccolingual direc-
tions using Osstell (Goteborg,
Sweden, 4th generation) at
implantation and at 8 weeks
and 16 weeks.

At 6 months post-
implantation.

ISQ, implant stability quotient; CBCT, cone-beam computerized tomography.
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Table 3: Implant stability results (ISQ values) in different follow-up periods, reported as means with standard deviations.

Author, year
Stacchi et al., 2013 | Da Silva Neto et al., | Canullo et al., 2014 | Makary et al., 2017 | Alattar et al., 2018
2014
Baseline PO: 70.5+£5.8 PO: 775+ 4.6 PO: 673 +£7.1 PO: 74.91 £+ 10.832 PO: 79.1 £9.7
(n=20) (n=34) (n=15) (n=11) (n=26)
CD:72.2+5.38 CD: 69.1 £6.1 CD:679+7.5 CD: 74.23 +£ 6.437 CD: 80.2+8.1
(n=20) (n=34) (n=15) (n=10) (n=28)
p=0.3215 p<0.05 »=0.969 p=0.663
7 days / 1 week PO: 69.3+6.2 - PO: 71.1 - -
n=20) n=10)
CD: 68.5+7.1 CD: 69
(n=20) (n=10)
14 days /2 PO: 68.6+6.5 - - - -
weeks n=20)
CD: 66.7+7.4
(n=20)
21 days /3 PO: 68.8+5.8 - PO: 64.5+4.5 - -
weeks (n=20) (n=10)
CD:65.6+7.2 CD: 67.4+59
(n=19) (n=10)
28 days / 4 PO: 69.4 +4.5 - - PO: 78.40 = 8.104 -
weeks / 1 (n=20) (n=11)
month CD: 66.1 £6.7 CD: 75.30 + 5.968
(n=19) (n=10)
42 days / 6 PO: 69.6 £ 4.5 - - - -
weeks n=20)
CD: 66.4+7.2
(n=19)
56 days /8 PO:70.1 £3.6 - PO:70.8 £7.2 - PO: 71 £9.7
weeks / 2 (n=20) (n=15) (n=26)
months CD:67.3+£6.2 CD: 67.7£5.2 CD:71.6+12.3
(n=19) (n=14) (n=28)
p=0.032 p=0.832
90 days / 12 PO:71.0+2.9 PO: 77 £4.2 PO: 75752 - -
weeks /3 (n=20) (n=34) (n=15)
months CD:69.2+5.5 CD:70.7+5.7 CD:73.3+£4.6
(n=19) (n=34) (n=14)
p<0.05 »=0.092
120 days / - - - PO: 783 £5.6
16 weeks / 4 (n=26)
months CD: 80.1+12.4
(n=28)
p=0.491
150 days /5 - PO: 79.1+3.1 - - -
months (n=34)
CD:71.7+4.5
(n=34)
p<0.05
Statistical sig- PO: p=0.1142 p<0.001 PO: p=0.012 - -
nificance CD: p<0.0001 CD: p=0.002
(p<0.0165)

PO, piezoelectric osteotomy; CD, conventional drilling; p, p-value.
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Table 4: Marginal bone loss (mm) in different follow-up periods, reported as means with standard deviations.

Author, year
Stacchi |Da Silva| Canullo et al., | Peker Tekdal ef | Makary ef | Scarano et | Giirkan et | Stacchietal.,
etal., | Neto et 2014 al., 2016 al., 2017 al., 2018 al., 2018 2018
2013 |al., 2014
12 weeks / - - - PO: 0.11 £0.23 - PO:0.036 £ | PO:0.11 £ -
3 months n=19) 0.01 n=25) | 0.2 n=19)
CD: 0.18 £0.33 CD: 0.03+ | CD:0.18+
(n=19) 0.001 0.33
p>0.05 (n=25) (n=19)
p=0.8
24 weeks / - - - PO: 0.11 £0.20 - - PO: 0.11 = | PO: 1.39 +1.03
6 months n=19) 0.22 (n=19) (n=40)
CD: 0.12+0.16 CD:0.12+ |CD: 1.42+£1.16
(n=19) 0.16 (n=40)
p>0.05 (n=19) p>0.05
12 months - - - - - - - PO: 192+ 1.14
(n=40)
CD: 2.14 +1.55
(n=40)
>0.05
15 months - - PO: 0.74 £0.32 - - - - -
(n=15)
CD: 0.78 £0.26
(n=14)
24 months - - - - - - - PO: 1.95 +0.99
(n=40)
CD:2.22+1.04
(n=40)
Statistical - - 95% CI1[0.08, p>0.05 - p=0.8 p>0.05 -
signifi- 0.16]
cance

PO, piezoelectric osteotomy; CD, conventional drilling; p, p-value.

- Risk of bias

The risk of bias in each study was evaluated indepen-
dently by two researchers (IGR and GMB) in accor-
dance with the Cochrane collaboration manual and
instrument for systematic reviews of intervention stud-
ies (RevMan, version 5.3). They examined the random
sequence generation, allocation concealment, blinding
of participants/personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting,
and other sources of bias, classifying studies into three
groups: “low-risk bias”, when there was little likelihood
that bias weakened results; “high-risk bias”, when a
potential bias reduced the reliability of results; or “un-
clear-risk bias, when there was a lack of detail on poten-
tial sources of bias.

- Statistical Analysis

Program Review Manager (RevMan, The Cochrane
Collaboration, Copenhagen, Denmark; 2014) version
5.3 was used for the meta-analysis of comparisons in
ISQ and MBL values between PO and CD groups, con-
sidering the implant as statistical unit. The standardized
mean difference (SMD) was calculated for continuous
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data with random-effect models and 95% confidence
interval (CI). P <0.05 was considered statistically sig-
nificant. Heterogeneity was estimated based on the
Cochrane Q-test, considering p<0.10 to be significant,
and on the I index, classifying I’=25 % as low, [*=50
% as moderate, 1>=75 % as high. It was not possible to
analyze the publication bias because there were fewer
than 10 studies in the meta-analysis (18). Between-
group comparisons were conducted of primary stability
at baseline, secondary stability at 2 and 3 months, and
MBL at 3 and 6 months.

Results

- Study selection

The search strategy yielded a total of 153 articles: 39
from PubMed, 44 from Scopus, and 70 from the Co-
chrane Library. After removing duplicates, 112 articles
were selected for subsequent screening, including one
retrieved in the manual search (18). Nine articles were
finally selected for qualitative and statistical analyses
(Fig. 1). Cohen’s Kappa index for inter-examiner agree-
ment was K=0.80, considered very good (0.80-1.00).
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(piezosurgery OR piezoelectric surgery OR conventional drill) AND (implant site

preparation OR dental implant OR implant stability OR marginal bone loss)

)

Records identified
through Pubmed
(n=39)

Additional records
identified through Scopus
(n =44)

Additional records identified
through Cochrane Library
(n=70)

Identification

[

A 4

)

(n

Records after duplicates removed
=112)

Manual search
(n=1)

A

Screening

(n

[

Records screened
=112)

Records excluded
(n =100)

)

l

(n

Full-text articles assessed
for eligibility

=12)

Full-text articles excluded,
with reasons
(n=3)

Eligibility

!

Studies included in
qualitative synthesis
(n=9)

!

Included

Studies included in
quantitative synthesis
(meta-analysis)

(n=9)

Fig. 1: Flow chart of search process.

- Study characteristics

Among the nine studies in the review, eight are random-
ized controlled trials (RCTs) (19-26) and one is a non-
randomized controlled clinical trial (27).

The studies included a total of 228 patients aged be-
tween 20 and 81 years, 83 males and 128 females, al-
though data on age and sex were not available in one of
the studies (27). Out of the total of 437 implants placed,
the preparation was performed by PO in 218 and by CD
in 219. The ISQ response variable was evaluated in five
studies (19-21,23,27) and the MBL response variable in
five studies (20,22,24-26).

- Risk of bias

Selection bias was found in three studies, observing
lack of allocation concealment in two (21,23) combined
with non-randomized sequence generation in the third
(27). Performance and detection bias was observed in
six studies due to the non-blinding of participants, staff,
or evaluators (21-24,26,27). Only three studies were
classified as having a low risk of bias (19,20,25) (Fig. 2).
- Qualitative synthesis

Results for response variables are exhibited in Tables 3
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and 4. The mouth region intervened was described by
all studies except for that by Makary et al. (27). Maxil-
lary premolars were studied by Stacchi et al. (19) and
da Silva Neto et al. (21), mandibular molars by Canullo
et al. (20) and Scarano et al. (24), the posterior maxil-
lary region by Peker Tekdal et al. (22) and Giirkan ef al.
(26), the region from incisors to maxillary/mandibular
premolars by Stacchi ef al. (25), and all regions by Alat-
tar et al. (23). Three studies had a split-mouth design
(21,22,26), and PO- and CD-prepared implants were
placed in adjacent teeth in another (20). The follow-up
period ranged from one day post-intervention (24) to
two years (25). There were 10 implant failures in the
PO group and 14 in CD group. Table 1 lists all of these
results.

ISQ values were compared between the time of place-
ment and subsequent time points by Stacchi et al. (19),
da Silva Neto et al. (21), Canullo et al. (20), Makary et
al. (27), and Alattar et al. (23). Canullo et al. (20) found
no statistically significant difference between PO and
CD in stability at baseline (67.3£7.1 vs. 67.9+7.5, respec-
tively, p=0.969) or at 12 weeks (75.7+5.2 vs. 73.3+4.6,
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Alattar 2018

Canullo 2014

Da Silva Neto 2014

Giuirkan 2018

Makary 2017

Peker Tekdal 2016

Scarano 2018

Stacchi 2013

DD O OO D ® ®|® | random sequence generation (selection bias)
D OO DO DO DO A~ocation concealment (selection bias)

Stacchi 2018

D OO 0O O O O ®| O bvlindingof participants and personnel (performance bias)

D DO DO D D ®|® | sclective reporting (reporting bias)

D DO O O O O ®| O vindingof outcome assessment (detection bias)
DD DO D O ®|®|incomplete outcome data (attrition bias)
DD OO O® ®| O otherbias

Fig. 2: Risk of bias assessment.

p=0.092), but observed a significantly higher ISQ val-
ue in the PO group at 8 weeks (70.8+7.2 vs. 67.7£5.2,
p=0.032). Stacchi et al. (19) also found no statistically
significant difference in primary stability (70.54+5.8 vs.
72.245.8, respectively p=0.3215) but reported higher
ISQ values for PO versus CD during the final stages of
osseointegration, mainly from day 14 to 42 (p<0.0001).
In the same line, no significant between-group differ-
ences in ISQ values were found by Makary et al. (27)
at placement (74.91+10.832 vs. 74.23+6.437) or 4 weeks
(78.40+8.104 vs. 75.30+5.968) or by Alattar et al. (23)
at placement (PS:79.1+9.7, CD:80.2+8.1, p=0.663),
8 weeks (PS:71£9.7, CD:71.6 +12.3, p=0.832), or 16
weeks (PS:78.3+5.6, CD:80.1+12.4, p=0.491). However,
da Silva Neto et al. (21) described significantly higher
1SQ levels with PO at placement (77.5+4.6 vs. 69.1+6.1,
p<0.05), at 90 days (77+4.2 vs. 70.7+-5.7, p<0.05), and
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at 150 days (79.1£3.1 vs. 71.1+4.5, p<0.05).

With regard to MBL results, Canullo et al. (20) ob-
served no statistically significant differences between
PO and CD at 15 months (0.74+0.32 vs. 0.78+0.26,
95% CI [0.08, 0.16]). Peker Tekdal ez al. (22) also found
no significant between-group difference in MBL at
12 weeks as measured by periapical X-ray (0.11+£0.23
vs. 0.18+0.33, p>0.05) or at 24 weeks as determined
by cone beam computed tomography (0.11£0.20 vs.
0.12+0.16, p>0.05); highly similar MBL results were
described by Giirkan ef al. (26) suggesting a possible
overlap in their study populations. Likewise, no statisti-
cally significant between-group difference in MBL was
observed by Scarano et al. (24) at 3 months (0.036+0.01
vs. 0.03£0.001, p=0.8), or by Stacchi et al. (25) at 6
months (1.39£1.03 vs. 1.42+1.16, p>0.05) or 12 months
(1.92+1.14 vs. 2.14+1.55, p>0.05).
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- Quantitative synthesis

Meta-analysis results showed no significant differ-
ences in primary stability between implants placed by
PO or CD (SMD of 0.24; 95%CI: 0.50, 0.98; p=0.531),
with a high heterogeneity (T?>=0.60; X°>=26.96; df=4;
p<0.0001; 1>=85%) (Fig. 3). There was no significant
between-group difference in secondary stability at 2
months (0.27 SMD; 95% CI: 0.13, 0.67; p=0.18), with
a low heterogeneity (T?>=0.02; X>=2.41; df=2; p=0.30;
1>=17%) (Fig. 3); however, a significantly higher stabil-
ity was observed with PO versus CD at three months
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(0.74 SMD; 95% CI: 0.17, 1.32; p=0.01), with a mod-
erate heterogeneity (T>=0.15; X*=5.02; df=2; p=0.008;
’=60%) (Fig. 3).

No significant between-group difference in MBL was
observed at 3 months (0.12 SMD; 95% CI -0.60, 0.85;
p=0.74), with a high heterogeneity (T?=0.31; X?>=8.25;
df=2; p=0.02; 1>=76%) (Fig. 4), or at 6 months (-0.04
SMD; 95% CI -0.35, 0.27; p=0.81), with a low het-
erogeneity that was attributable to the similar results
published by two of the compared studies (T?=0.00;
X?=0.01; df=2; p=1.00; I’=0%) (Fig. 4).
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Fig. 3: Forest plot (random-effects model). Implant secondary stability, ISQ at baseline/time 0 (A), at 2 months (B) and at 3 months (C). PO,
piezoelectric osteotomy; CD, conventional drilling; CI, confidence interval; IV, inverse variance.
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PO cD Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Scarano 2018 0.036 0.01 25 0.03 0.001 25 34.4% 0.83 [0.25, 1.41] —_——)
Total (95% CI) 63 63 100.0% 0.12 [-0.60, 0.85] —*—

Heterogeneity. Tau? = 0.31; Chi® = 8.25, df = 2 (P = 0.02); I’ = 76%
Test for overall effect: Z = 0.34 (P = 0.74)
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Fig. 4: Forest plot (random-effects model). Marginal bone loss (MBL) at 3 months (A) and at 6 months (B). PO, piezoelectric osteotomy; CD,

conventional drilling; CI, confidence interval; IV, inverse variance.

Discussion

This updated review on the comparative merits of PO
and CD for implant bed preparation contributes new
evidence on the primary and secondary stability (ISQ)
and MBL values obtained with each approach. Only
nine studies met the eligibility criteria for inclusion, and
only one of these was found to be at low risk of bias,
highlighting the need for further good-quality studies,
especially on long-term outcomes. Implant stability can
be measured by RFA in a non-invasive manner at any
stage of osseointegration (1) and by the IT at implant
placement. However, the present meta-analysis only in-
cludes ISQ values, because these provide information
on implant stability not only at the time of implantation
but also at subsequent stages of osseointegration. With
regard to IT values, no between-group difference was
found by Peker Tekdal et al. (22), Alattar. et al. (23) or
Makary et al. (27). Besides reporting a direct relation-
ship between IT value and bone density, Makary et al.
(27) also found no between-group difference in reverse
torque levels measured using a dynometric wrench at 4
weeks after implant placement. In an in vitro study of
bones of different densities, Sagheb et al. (28) observed
that RFA results did not differ between PO and CD and
that reverse torque values were related to bone densi-
ty, being highest in implants placed in mixed/cortical
bone by PO, whereas another in-vitro study obtained
the highest ISQ value for implants placed in cancel-
lous bone, also using PO (29). In addition, no differ-
ence in RFA-measured primary stability was observed
between the techniques in an animal study by Bengazi
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et al. (30). In the present review, only da Silva Neto et
al. (21) demonstrated significantly superior primary and
secondary stability (ISQ values) with PO versus CD,
while another two studies described higher values for
PO-prepared implants during the final stages of osseo-
integration (19,20). Two of the reviewed studies used a
mixed technique (drilling and PO), which may affect
the comparative results obtained in the meta-analysis
(20,23). Only one study performed immediate loading
in both groups, observing no difference between them
in survival rates (25).

It was recently reported that implant preparation with
piezoelectric surgery favors osteoblast viability, thereby
improving bone healing (31). It was also found to reduce
the destructive inflammatory response of bone during
osseointegration, and it may therefore be less traumatic
at molecular level in comparison to drilling, although
this was not reflected in bone loss values (22). These
findings may explain the lower pain and inflammation
reported by Scarano et al. (24) with PO versus CD, al-
though other studies found no between-group differ-
ences in molecular biomarkers (cytokines, chemokines,
and growth factors) or bone repair mechanisms (osteo-
protegerin, RANK-L, osteocalcin, caspase-3 proteins)
(26,32).

This meta-analysis found no difference in MBL be-
tween implants prepared by PO and CD at implant
placement or at 3 or 6 months. Further studies with lon-
ger follow-ups are needed to improve knowledge of the
response of peri-implant tissues over the longer term.
Implants placed by PO have been associated with high
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survival rates, as confirmed in the latest follow-up study
(14). Piezoelectric surgery is a predictable alternative to
drilling, although it requires more time (23,24). Some
authors combined initial CD with subsequent bone bed
preparation using ultrasound inserts, and the time re-
quired was closer to that needed for CD alone (20,23).
In the reviewed studies, no differences in primary sta-
bility (ISQ values) were observed between implants
prepared with PO versus CD, but the stability obtained
with PO was superior at 3 months, possibly due to more
rapid bone remodeling or healing, with a lesser reduc-
tion in osseointegration. Further comparative studies
are required to evaluate the effects of reducing the in-
terval before implant loading.

Very few studies have compared the MBL between PO
and CD (33-35), and only Atich et al. (15) compared this
variable after different follow-up periods. The present
study provides further information on the effects of im-
plant placement by piezoelectric surgery or CD on peri-
implant bone tissue at 3 and 6 months, including new
original studies in an updated meta-analysis (23-27).

Conclusions

Piezoelectric surgery is a predictable alternative to
conventional drilling for implant bed preparation and
obtains similar primary and secondary stability (ISQ
values) and MBL values, at least over the short/medium
term (six months), although the reduction in stability
during the osseointegration period appears to be lesser
with ultrasound. Medium/long-term survival rates and
marginal bone losses are similar between piezoelectric
osteotomy and conventional drilling, which do not dif-
fer in ISQ values for primary stability. However, im-
plants placed with ultrasound show a lower decrease
in ISQ during the osseointegration period and a higher
ISQ value for secondary stability. Further good-quality
research is required to compare stability and bone loss
values between these techniques over the longer term
and to examine the safety of ultrasound in immediate
loading protocols.
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