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Abstract: Background: The aim of this systematic review was to evaluate the clinical efficacy, benefits,
and limitations of piezosurgery in tooth extractions compared to conventional methods. Piezosurgery
has emerged as a minimally invasive alternative, promoting better preservation of soft tissues and
bone structures. Understanding its impact on postoperative outcomes such as pain, swelling, trismus,
and bone healing is critical for its application in oral surgery; Materials and Methods: We restricted
our search to English-language articles published between 1 January 2004 and 28 August 2024, in
PubMed, Scopus, and Web of Science. The Boolean search keywords “piezosurgery AND tooth
extraction” were used. Results: A total of 983 articles were identified, and after duplicates were
removed, 766 studies were screened. Following the application of inclusion and exclusion criteria,
seven articles were selected for qualitative analysis. Conclusions: The literature suggests that
piezosurgery offers advantages, such as reduced postoperative pain, swelling, and trismus, despite
longer surgical times compared to conventional methods. While piezosurgery shows promise for
improved patient comfort and soft tissue preservation, further research is required to validate its
long-term impact on bone healing and regeneration.

Keywords: piezosurgery; oral surgery; tooth extraction; ultrasonic vibrations; bone healing; postop-
erative outcomes; third molar extraction

1. Introduction

One of the most common procedures in oral and maxillofacial surgery is the extraction
of teeth. In the past, mechanical tools like elevators and forceps have been used to remove
teeth, which frequently results in significant stress to both soft and hard structures [1–5].
Conventional extraction methods are generally successful, but they can present a variety of
difficulties, such as significant bone loss, harm to neighboring tissues, protracted healing
periods, and postoperative discomfort [6–10]. The need for less invasive dental procedures
that maintain adjacent anatomical structures while simultaneously improving patient
comfort and healing results is growing in the field of dentistry [11–14].

As a recent innovation in dental technology, piezosurgery presents a fresh method
of tissue handling [15–21]. Piezosurgery is a technique that was developed in the early
2000s that uses carefully regulated ultrasonic vibrations to minimize damage to adjacent
soft tissues like mucosa, blood vessels, and nerves, while precisely cutting hard structures
like bone [22–26]. The precision of piezosurgery enables a more focused and non-traumatic
surgical intervention than is possible with typical rotational or mechanical devices, which
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run the risk of unintentionally damaging both soft tissue and bone [27–32]. Because of
this feature, piezosurgery has emerged as a viable substitute for a series of oral surgery
operations, such as sinus augmentation, implant site preparation, and, more recently, dental
extractions [33–37].

Given its potential to enhance patient outcomes, there is growing interest among
clinicians and researchers in the application of piezosurgery for tooth extractions [38–42].
Several studies suggest that piezosurgery can reduce intraoperative bleeding, postoperative
pain and swelling, and lower the risk of complications such as periodontal and alveolar
bone loss [43–46]. Additionally, preserving bone architecture is crucial for patients who
may require future dental rehabilitation, such as implant placement [47–49]. By minimizing
alveolar bone loss following extraction, piezosurgery may improve long-term outcomes for
such restorative treatments [50–53].

However, despite these advantages, piezosurgery is not without limitations [54–58].
The procedure typically requires more time than traditional methods, potentially leading to
longer chairside durations [59–63]. Moreover, the high cost of specialized equipment may
limit its accessibility in certain clinical settings [64–68]. There is also an ongoing debate
regarding the learning curve associated with this technology and its efficacy in complex
extraction cases, such as those involving impacted teeth or ankylosed roots [69–72].

This article aims to critically assess the use of piezosurgery in dental extractions by
comparing it to traditional techniques [73–77]. It will explore both the benefits and limita-
tions of piezosurgery based on existing research, with a focus on its clinical applications
and implications for dental practice [78–82]. Additionally, this review will highlight areas
where further research is needed, helping to evaluate whether piezosurgery can serve as a
viable alternative to conventional extraction methods in modern dentistry [83–87].

2. Materials and Methods
2.1. Protocol and Registration

This systematic review was conducted according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [88]. The review protocol was registered
at The International Prospective Register of Systematic Reviews (PROSPERO) under the
ID: CRD42024594374.

2.2. Search Processing

A search on PubMed, Scopus, and Web of Science was performed to find papers
that matched the topic of application of piezosurgery in tooth extractions, dating from 1
January 2004 to 28 August 2024, in English. The search strategy used the Boolean keywords:
“piezosurgery” AND “tooth extraction” (Table 1).

Table 1. Database search indicators.

Article screening strategy

Keywords: A: piezosurgery; B: tooth extraction

Boolean Indicators: A and B

Timespan: 1 January 2004 to 28 August 2024

Electronic databases: Pubmed; Scopus; Web of Science

2.3. Inclusion Criteria

The following inclusion criteria were considered: (1) studies that investigated the
application of piezosurgery in tooth extractions; (2) randomized clinical trials, (3) English-
language articles, and (4) full-text articles.

Papers that did not match the above criteria were excluded.
The review was conducted using the PICOS criteria:

• Participants: both male and female, without pathologies or syndromes, with the
necessity of surgical treatment.
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• Interventions: application of piezosurgery in third molar extractions.
• Comparisons: control group.
• Outcomes: surgical time, postoperative pain and recovery, trismus and mouth open-

ing, swelling and edema, bone healing and density, bone regeneration.
• Study: randomized clinical trials.

2.4. Exclusion Criteria

The exclusion criteria were as follows: (1) animal studies; (2) in vitro studies; (3) off-
topic studies; (4) reviews, retrospective studies, case series, case reports, letters, or com-
ments; (5) not English-language studies.

2.5. Data Processing

Three reviewers (P.M., V.C. and C.C.) independently consulted the databases to collect
the studies and rated their quality based on selection criteria. The selected articles were
downloaded in Zotero (Version 6.0.15). Any divergence between the three authors was
settled by a discussion with a senior reviewer (F.I.).

2.6. Quality Assessment

The quality of the included papers was assessed by two reviewers, F.P. and V.C., using
the ROBINS-I tool developed to assess the risk of bias in the results of randomized studies
that compare the health effects of two or more interventions. Seven points were evaluated,
and each was assigned a degree of bias. A third reviewer (F.I.) was consulted in the event
of a disagreement until an agreement was reached.

The question in the domains evaluated in the ROBINS encompasses the following:

- Bias due to confounding;
- Bias arising from the measurement of exposure;
- Bias in the selection of participants in the study;
- Bias due to post-exposure intervention;
- Bias due to missing data;
- Bias arising from the measurement of the outcome;
- Bias in the selection of the reported results, dating from 1 January 2004 to 28 August

2024 and published in in English.

3. Results
3.1. Study Selection and Characteristics

The electronic database search identified a total of 983 articles (Scopus N = 249,
PubMed N = 433, Web of Science N = 301), and no articles were included through the
hand search. After the deletion of duplicates, 766 studies were screened by evaluating the
title and abstract, focusing on application of piezosurgery in tooth extractions. In total,
131 articles did not meet the inclusion criteria (128 were off-topic; 3 were reviews), leading
to 7 articles being selected for qualitative analysis. The selection process and the summary
of selected articles are shown in Figure 1 and Table 2, respectively.
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Table 2. Descriptive summary of article selection.

First Author (Year) Type of Study Aim of the Study Materials and Methods Results

L. de Freitas Silva
et al. (2019) [89]

Randomized
Controlled Trial

(Split-mouth)

To compare the
effectiveness of
piezosurgery vs.

conventional techniques
in third molar extractions

Split-mouth study with
15 patients (18–30 years).

One side treated with
piezosurgery, the other

with conventional methods.
Bone density and healing
assessed via radiographs.

There was no
significant difference

in bone density
between the

two techniques.

J. Rajan et al.
(2009) [90]

Randomized
Controlled Trial

To compare the efficiency
of piezosurgery and
conventional rotary
instruments in third

molar extraction

20 patients (aged >18)
randomized to

piezosurgery or rotary
instruments. Pain, trismus,
and swelling were assessed

on days 1, 3, 7, and 14.

Piezosurgery led to
less pain, swelling,
and faster recovery

but took longer. The
rotary group had

higher analgesic use
and soft

tissue damage.



J. Pers. Med. 2024, 14, 1158 5 of 16

Table 2. Cont.

First Author (Year) Type of Study Aim of the Study Materials and Methods Results

H. Arakji
et al.(2016) [91]

Randomized
Controlled Trial

(Split-mouth)

To compare the clinical
and radiographical

outcomes of piezosurgery
and conventional rotary

instruments for impacted
third molar extractions

20 male patients
(split-mouth). Pain,

trismus, swelling, and bone
density measured using

VAS, calipers,
and radiographs.

Piezosurgery took
longer but showed
less pain, swelling,

and better bone
density (p ≤ 0.0001)

W. Nehme et al.
(2021) [92]

Randomized
Controlled

Clinical Trial

To evaluate the effects of
piezosurgery and

dexamethasone on
postoperative outcomes

after impacted
mandibular third

molar surgery

80 patients (15–30 years)
divided into four groups:

piezosurgery or
conventional surgery

with/without
dexamethasone. Pain and

trismus were assessed
using VAS and calipers

Piezosurgery with
dexamethasone

provided the best
outcomes, with less
pain and trismus on

days 1 and 3.

A. Demirci et al.
(2022) [93]

Randomized
Controlled

Clinical Trial

To compare the
effectiveness of
piezosurgery vs.

conventional rotary
surgery for impacted

mandibular third
molar extractions.

20 patients (40 teeth, 18–35
years). Piezosurgery vs.

rotary surgery. Pain,
trismus, swelling, and

operative time measured.
Quality of life assessed via

OHIP-14.

Piezosurgery had less
pain, swelling, and

trismus by days 1 and
3, but operative time

was shorter with
rotary instruments

A. Caputo et al.
(2023) [94]

Randomized,
Split-Mouth,

Single-Blind Study

To evaluate the
postoperative facial

swelling after lower third
molar extraction using

piezoelectric surgery vs.
rotary instruments.

22 patients (18–40 years).
Symmetrical lower third
molar extractions using
piezosurgery vs. rotary.

Swelling assessed with 3D
scans at days 3 and 7.

No significant
difference in swelling

between methods.
No adverse

reactions reported.

E. Mantovani et al.
(2014) [95]

Single-center,
randomized,

split-mouth study

To compare the efficacy
and postoperative

outcomes of piezosurgery
vs. conventional bur

techniques for
mandibular third
molar removal.

100 patients underwent
bilateral mandibular molar

extractions using
piezosurgery or bur

techniques. Pain, swelling,
and surgery duration

were measured.

Piezosurgery resulted
in less pain and

swelling but longer
surgery time. It was

preferred by 65%
of patients.

3.2. Quality Assessment and Risk of Bias in the Included Articles

The risk of bias in the included studies is reported in Table 3. Regarding the bias due
to confounding, most studies have a high risk. The bias arising from measurement is a
parameter with a low risk of bias. Most studies have a low risk of bias due to bias in the
selection of participants. Bias due to post-exposure cannot be calculated due to the high
heterogeneity. The bias due to missing data is low in many studies. The bias arising from
the measurement of the outcome is low. The bias in the selection of the reported results is
high in the majority of studies. The final results show that four studies have a low risk of
bias and three have some concerns regarding risk of bias.

Table 3. Bias assessment.

Authors D1 D2 D3 D4 D5 D6 D7 Overall

L. de Freitas Silva
et al. (2019) [89]
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4. Discussion

In terms of alternatives for traditional rotational devices, piezosurgery has emerged
as a less invasive option for extracting mandibular third molars [96–101]. Piezosurgery’s
ultrasonic vibrations minimize injury to soft tissues while enabling the precise cutting of
mineralized tissue [102–106]. Nine clinical investigations comparing piezosurgery with
traditional rotary instruments are reviewed in this discussion, with particular attention
paid to surgical time, postoperative outcomes (pain, edema, trismus), and bone healing.

4.1. Surgical Time

One of the most recurrent conclusions from all of the research is that piezosurgery ne-
cessitates far longer operating times than traditional rotary devices [107–111]. According to
L. de Freitas Silva et al., the average duration of piezosurgery surgeries was 28.5 ± 3.57 min,
while rotary instrument surgeries lasted 17.6 ± 2.95 min. Similar findings were made by
H. Arakji et al., who pointed out that piezosurgery takes longer to carry out because of its
slower cutting speed, yet its accuracy and lower amount of damage caused to soft tissue
may make this longer time acceptable [89,91].

4.2. Postoperative Pain and Recovery

There are definite benefits to piezosurgery when it comes to reducing postoperative
pain [112–116]. According to J. Rajan et al., patients who had piezosurgery reported much
less discomfort, especially in the first three days after the procedure. In addition, patients
treated with piezosurgery needed less analgesics than those treated with rotational devices.
H. Arakji et al. verified these results, noting on postoperative days 1, 3, and 7 that the VAS
pain scores for the piezosurgery group were 3.60, 1.10, and 0.10, respectively, while the
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rotary group’s levels were 6.70, 3.30, and 1.00. Comparably, in several investigations, E.
Mantovani et al. and A. Caputo et al. noted lower pain levels in the piezosurgery group.

4.3. Trismus and Mouth Opening

Piezosurgery also helps with reduced mouth opening, or postoperative trismus [117–121].
H. Arakji et al. observed that piezosurgery patients healed faster from trismus, with a
mean reduction in the mouth opening of 5.0 mm, compared to 9.7 mm in the rotary group.
Better postoperative results were observed when piezosurgery and dexamethasone were
combined, according to W. Nehme et al. [92,122].

4.4. Swelling and Edema

Swelling reduction is one of the notable benefits of piezosurgery [123–127]. A. Caputo
et al., in a meta-analysis, concluded that piezosurgery significantly reduced swelling
compared to conventional rotary techniques. E. Mantovani et al. and A. Demirci et al.
further reported that the combination of piezosurgery and dexamethasone yielded even
better results in reducing postoperative edema, particularly on days 1, 3, and 7 [93–95,128].

4.5. Bone Healing and Density

Regarding piezosurgery-assisted bone healing, conflicting outcomes have been re-
ported [129–133]. At the four-month point, L. de Freitas Silva et al. and J. Rajan et al. found
no discernible variations in bone density between piezosurgery and rotary procedures. On
the other hand, the piezosurgery group showed faster bone regeneration than the rotary
group, with a mean bone density of 84.45 ± 4.73 at six months postoperatively, as reported
by W. Nehm et al. and A. Demirci et al. These results were corroborated by A. Demirci
et al., who found that piezosurgery reduces bone loss and promotes bone regeneration.

4.6. Comparison Between Piezosurgery and Conventional Rotary Instruments

When piezosurgery and traditional rotating devices are compared, each technique’s
advantages and disadvantages are highlighted [134–139]. L. de Freitas Silva et al. empha-
sized that although piezosurgery requires more time, it provides more accuracy and lessens
tissue damage in the surrounding area. Because of its accuracy, piezosurgery is particu-
larly well-suited for delicate surgeries such as third molar extractions, where it is essential
for preserving soft tissue [140–145]. However, the slower cutting speed of piezoelectric
devices prolongs surgery time, a drawback noted across several studies, including those
by H. Arakji et al. and J. Rajan et al., who both confirmed that rotary instruments were
significantly faster in completing extractions [90,91,146–148].

Despite the longer operative time, piezosurgery’s less traumatic approach leads to
reduced postoperative pain, swelling, and trismus, as reported by E. Mantovani et al. and
A. Caputo et al. These advantages make piezosurgery a preferable choice in procedures
where patient comfort and postoperative recovery are prioritized over the speed of the
surgery [149–153]. Rotary instruments, while faster, may result in more extensive tissue
trauma and slower recovery [154–158].

4.7. Bone Regeneration

Many studies are focusing on piezosurgery’s capacity to stimulate bone regenera-
tion [159]. Piezosurgery can speed up bone healing and regeneration because it increases
osteoblast activity and accelerates cellular metabolism, according to research by W. Nehm
et al. and A. Demirci et al. These results were corroborated by A. Demirci et al., who
observed increased bone density in patients receiving piezosurgery, especially six months
after surgery, when bone density in the piezosurgery group was 84.45 ± 4.73, while it was
74.87 ± 4.03 in the rotary group. Further encouraging faster bone regeneration is the fact
that piezosurgery causes less heat injury to the bone than rotational devices, as highlighted
by Rahnama et al. and other studies [151,160–163].
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Nevertheless, at the four-month mark, certain investigations, including those by L.
de Freitas Silva et al. and J. Rajan et al., reported no appreciable changes in bone density
between piezosurgery and rotational procedures [89,90,164]. These differences could
result from differences in follow-up times, study designs, and bone healing assessment
techniques [165–169]. More thorough trials with longer follow-up periods are required to
corroborate the majority of evidence that suggests piezosurgery is superior in encouraging
bone regeneration [170–174].

5. Limitations and Future Perspectives

The primary constraint of this study is its relatively small sample size, which may
limit the generalizability of the findings to broader clinical settings. Additionally, there was
no long-term follow-up, reducing the ability to assess the full impact of piezosurgery on
bone healing over extended periods. Furthermore, variations in the skill level of clinicians
using piezoelectric devices, as well as the learning curve associated with this technology,
may have influenced the outcomes. The absence of a standardized protocol for equipment
use and clinical indications also presents a limitation, as different setups and surgical
techniques may yield variable results. Future studies should consider larger, more diverse
populations and longer follow-up periods to validate these findings.

Future studies should focus on enhancing the efficacy of piezosurgery, particularly in
reducing surgical time without sacrificing the therapeutic advantages of the procedure. This
could be achieved through the optimization of surgical techniques, the development of new,
more efficient piezoelectric instruments, and the standardization of operative protocols.
Furthermore, the need for additional randomized controlled studies has been emphasized
by research, including that of W. Nehme, to confirm the long-term benefits of piezosurgery,
especially in relation to bone repair. These studies are crucial for providing robust data that
support the use of piezosurgery and for guiding evidence-based clinical decisions.

6. Conclusions

In conclusion, this study highlights the clinical relevance of piezosurgery in third
molar extractions, particularly its potential to improve postoperative outcomes, such as
pain, swelling, and trismus, compared to conventional rotary surgery. The results of this
study indicate that patients who have piezosurgery may experience an improvement in
their quality of life. Piezosurgery’s longer operating periods, however, provide a practical
drawback that may prevent it from being widely used in routine clinical practice. Even
with these encouraging outcomes, there are still gaps in the literature. Future studies
should concentrate on long-term results in order to more accurately evaluate the overall
advantages of piezosurgery. Larger-scale research is also required to validate these results
and investigate different patient responses to various surgical approaches, especially in
more intricate extractions. Clinicians can have a better understanding of piezosurgery’s
potential and its role in standard dental treatment by focusing on these topics.
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