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Abstract

Aim The aim of this systematic review and meta-analysis
was to compare, in the lower third molar surgery, the
osteotomy techniques with rotary instruments and piezo-
electric motors.

Methods An electronic search was conducted using the
following databases: Pubmed, Web of Science, and the
Cochrane Oral Health Group Trials Register. Inclusion
criteria were: studies in humans, randomized or nonran-
domized, comparing the extraction of third molars that
required osteotomy and/or odontosection with rotary
instrument and osteotomy and/or odontosection with
piezoelectric motor assistance. The analysis and inclusion
of articles was performed by two reviewers independently.
An evaluation of the quality of articles and data extraction
was carried out.

Results From a total of nine hundred seventy four (974)
trials, eleven articles were included in the qualitative
analysis, and seven were included in the quantitative
analysis. Rotary instruments were faster than the piezo-
electric surgery (95 % CI 0.34 to 1.16). The piezoelectric
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surgery showed better results when compared with roatry
instruments when trismus was assessed in 2 (95 % CI 0.65
to 1.69), 3 (95 % CI 0.63 to 1.67) and 5 (95 % CI 0.03 to
2.26) days after surgery. Seven days after surgery, there
were no differences between the techniques (95 % CI
(—0.022) to (—1.49)).

Conclusion The piezoelectric surgery was effective in
reducing pain, swelling and trismus in third molar surgery,
but the same requires greater surgical time than the rotary
instruments.

Keywords Third molar - Oral surgery - Piezoeletric
surgery

Introduction

Due to the high frequency of partial impaction of lower
third molar in the oral cavity and the potential risk of
complications such as caries [1] and development of peri-
odontal disease [2], surgical removal of these teeth is one
of the most common interventions in oral surgery [3]. The
extractions of third molars are usually the most compli-
cated, due to the positioning of these teeth in the mouth.
Thus, surgical removal can be considered an invasive
procedure often associated with an excessive inflammatory
process, which can cause pain, swelling and trismus [4].
Furthermore, it has a negative impact on the quality of life
for patients [5].

Before the development of rotary instruments, dental
extractions of impacted third molars were done with chisels
and hammers [6]. After the development of rotary instru-
ments, these instruments have become more accustomed to
the chisels, although there are no differences between the
two techniques with respect to pain, paresthesia and
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postoperative infection [7]. The rotary instruments used in
oral surgery can use high and low speed, with no significant
differences between them with respect to pain, swelling
and post-operative complications [8].

Currently, the rotary instruments have been replaced by
ultrasonic instruments for osteotomy and/or odontosection
in various fields of maxillofacial surgery such as ortho-
gnathic surgery [9], implantology [10, 11], sinus lifting
[12], bone grafts [13] and third molar surgery [14]. This
type of surgery is called piezoelectric and the surgery is
performed through micro vibrations of the active tip of the
piezoelectric device, which promotes osteotomy or odon-
tosection. The great advantage of this instrument is selec-
tive tissue dissection [15]. Thus, when used in surgeries
such as the sagittal osteotomy of the mandible, it prevents
iatrogenic injury to the inferior alveolar nerve and adjacent
soft tissues, because it uses selective cutting of the min-
eralized tissues [9].

In addition to the selective dissection of mineralized
tissues, the piezoelectric device causes less vibration and
lower noise, reducing discomfort and anxiety of the patient
during the procedure [14]. However, the motor for holding
the piezoelectric surgery is a costly device. The aim of this
study was to compare through an approach based on sci-
entific evidence, clinical outcomes such as pain, swelling,
trismus and surgical time between osteotomy techniques
and/or odontosection using rotary instrument or piezo-
electric instruments in third molar surgery.

Materials and Methods
This study was based on the PRISMA protocol [16].
Aim

The purpose of this systematic review was to test the null
hypothesis of no difference in clinical outcomes with
respect to pain, swelling, trismus and surgical time in
surgical procedures for extraction of third molars, when
comparing rotary instruments with the use of the technique
with piezoelectric motors.

Search Strategies

An electronic search without restrictions of time or lan-
guage was held on March 31, 2015 in the following data-
bases: PubMed, Web of Science, and the Cochrane Oral
Health Group Trials Register. The terms used in the elec-
tronic search were indexed terms in MeSH.

The following terms were used in the search strategy in
PubMed, refining the filter “types of articles” by selecting
the following terms (Clinical Trials and Comparative
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Study). {Subject: (third molar [Title/Abstract]) and
Adjective: (surgery OR piezosurgery OR piezo-electric
surgery [Title/Abstract]). The following terms were used in
the search strategy in the Web of Science. {Subject: (third
molar [Title] and Adjective: (Surgery OR piezosurgery OR
piezo-electric surgery [Title]) The following terms were
used in the search strategy in the Cochrane Oral Health
Group Trials Register: third molar AND piezosurgery.

In order to find an article in press that was not indexed, a
manual search of the papers related to oral and maxillo-
facial surgery was also performed, including Annals of
Maxillofacial Surgery, British Journal of Oral and Max-
illofacial Surgery, International Journal of Oral and Max-
illofacial Surgery, Journal of Oral and Maxillofacial
Surgery, Medicine and Pathology, Journal of Oral and
Maxillofacial Surgery, Journal of Craniofacial Surgery,
Journal of Cranio-Maxillofacial Surgery, Journal of Max-
illofacial and Oral Surgery, Oral Surgery Oral Medicine
Oral Pathology and Oral Radiology and Oral Surgery.

After completion of the search, the reference lists of
included articles were checked in order to include some
additional study that was not found in the electronic search.
Finally, a search on some online databases that have
records of clinical trials underway was carried out (http://
clinicaltrials.gov;  http://www.centerwatch.com/clinical-
trials; http://www.clinicalconnection.com).

Inclusion and Exclusion Criteria

Inclusion criteria were: clinical trials in humans, random-
ized or nonrandomized, comparing the extraction of third
molars that required osteotomy and/or odontosection with
rotary instruments and osteotomy and/or odontosection
with piezoelectric motor assistance. To be included in the
studies reviewed, it should contain at least one of the
variables: pain, edema, trismus or surgical time postoper-
ative. The study exclusion criteria included case reports,
technical notes, and prospective studies evaluating only
one of the surgical techniques described above, animal
studies, in vitro studies and review articles.

Selection of Articles

The selection of articles was performed by two indepen-
dent authors (SGFM and RAM). Firstly, reading of the
titles and abstracts was performed. Studies which did not
fulfill inclusion criteria were excluded at this time. Articles
that seemed to fill in the inclusion criteria of this review
were accessed in full. The authors read the full paper
independently to verify if the inclusion criteria were
achieved in each paper. If there was disagreement about
inclusion of papers, a third author was consulted for final
decision.


http://clinicaltrials.gov
http://clinicaltrials.gov
http://www.centerwatch.com/clinical-trials
http://www.centerwatch.com/clinical-trials
http://www.clinicalconnection.com
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Table 1 Quality assessment of the studies included
References Random sequence  Allocation Blinding  Blinding Outcome Incomplete Selective outcome  Other
generation concealment®*  Patient evaluators* outcome data  reporting bias
Sortino et al. [29] Unclear Unclear Unclear  Unclear Low Low Unclear
Barone et al. [15] Low Unclear Unclear  Unclear Low Low Low
Sivolella et al. [25] Low Unclear Unclear Low Low Low Low
Goyal et al. [23] Unclear Unclear Unclear Low Low Low Low
Itro et al. [30] High High Unclear  Unclear Unclear High High
Bartuli et al. [26] Unclear Unclear Unclear Unclear Low High High
Rullo et al. [24] Low Low Unclear Unclear Unclear Low Low
Chang et al. [27] Low Unclear Unclear Unclear Unclear Low Unclear
Mantovani et al. [14] Low Unclear Unclear  Unclear Low Low Low
Piersanti et al. [28] Unclear Unclear Unclear  Unclear Low Low Low

Quality Assessment of the Study

Study quality was assessed using the method of verification
of risk of bias in the studies recommended by Cochrane
Handbook for Systematic Reviews of Interventions [17].
This tool analyzes the included studies for identification of:
election bias (Random sequence generation and Allocation
concealment), performance and detection bias (Blind for
patient and assessor), attrition bias (Incomplete outcome
data), reporting bias (Selective reporting) and other bias.
For each of these cited items the studies were classified as
high risk of bias, low risk of bias or unclear risk of bias, the
last one when there was not enough information for the
evaluation. The final classification regarding the risk of
bias was performed by two independent authors. Diver-
gences were solved by consensus (Table 1).

Data Extraction and Meta-Analysis

The following data, when available, was taken from the
studies evaluated and included in the final analysis: year of
publication, country of origin, study design, average age,
sample size, patient age, follow-up variables analyzed,
(Table 2). The mean values and standard deviation and p
value of the variables pain, swelling and trismus, when
available, were extracted to perform the meta-analysis.
In situations where absence of any data has been verified,
the authors were contacted by email. In this way the data
was tabulated independently in electronic forms to perform
the statistical analysis.

The software program Comprehensive Meta-Analysis
Software, version 2, was used for the meta-analysis [18].
The heterogeneity of studies was performed using the I*
test [19]. A sensitivity test was conducted when hetero-
geneity was above 50 % [20]. When homogeneity was

present (> = 0.00), the fixed effect model was used.
When heterogeneity was present (I> > 0), the random
effects model was used for meta-analysis [19, 20]. Risk
measures, 95 % confidence interval (CI) and p value were
described in a forest plot, and summary measures of risk
were calculated. As there were not enough studies to be
grouped into a funnel plot [21, 22], publication bias was
not assessed.

Results

A total of nine hundred seventy-four (974) papers were
identified from the databases. A study was included after
searching the cross-references. One hundred fifty-four
(154) studies were duplicated in the search for data,
resulting in a total of eight hundred and twenty (820)
studies identified in the databases. Two different evaluators
read the titles and abstracts to identify articles related to the
issue focus. After reading the title and abstract, eight
hundred and five (805) articles were excluded and fifteen
(15) were selected to read in full. From these fifteen (15)
articles, a total of five articles were excluded after reading
the full text. Ten (10) articles were included in the final
qualitative analysis and seven (7) were included in the
quantitative analysis (Fig. 1). Of the ten (10) papers
included in this systematic review, five (5) showed low risk
of bias for “Random sequence generation”, only one (1)
showed low risk of bias for “Allocation concealment”, all
papers showed unclear risk of bias for “Blinding patient”,
only two (2) showed low risk of bias for “Blinding out-
come for evaluators”, seven (7) showed low risk of bias for
“Incomplete outcome data”, eight (8) showed low risk of
bias for “Selective reporting outcome” and six (6) showed
low risk of bias for “Other bias” (Table 1).
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Pain

This variable was evaluated in eight (8) of the ten (10)
studies included in the systematic review. The meta-
analysis showed a high heterogeneity among the
studies, even after the completion of sensitivity tests,
showing no consistency among the results. Among the
studies that evaluated postoperative pain compared to
the use of piezoelectric motor and the use of
osteotomy with rotary instruments, four (4) had results
favoring the use of piezoelectric motor [14, 15,
23, 24]. The other four (4) studies showed no statis-
tically significant differences between the methods
evaluated [25, 28].

Edema

It was not possible to perform a quantitative analysis for
the variable edema due to differences between the
methodologies used across studies, variations between the
dates and methods of measurement. Of the seven (7)
studies that evaluated the edema, six (6) showed favorable
results for the use of the piezoelectric motor for the
removal of third molars, because they have less swelling

after surgery at different measurement times of 1, 2, 3, 5
and 7 days postoperative [14, 15, 23, 28-30]. In one study,
there was no statistical difference between the piezoelectric
motor and the rotary instruments [27].

Trismus and Surgical Time

Through the meta-analysis, it was only possible to compare
trismus variables [15, 23, 25] and surgical time
[14, 15, 23-25, 28, 29]. A total of three hundred and sixty-
four (364) subjects were enrolled in the meta-analysis for
surgical time. Figure 2 shows the meta-analysis of studies
comparing the use of piezoelectric versus rotary instru-
ments in third molar surgery. The use of rotary instruments
is faster than the piezoelectric third molar surgery in sur-
gery (95 % CI 0.34-1.16). A total of ninety-two (92)
subjects were enrolled in the meta-analysis for trismus. The
piezoelectric surgery showed better results when compared
with rotary instruments in third molar surgery when trismus
was evaluated in 2 days (95 % CI 0.65 to 1.69); 3 days
(95 % CI1 0.63 to 1.73); 5 days (95 % CI 0.03 to 2.26) after
surgery. Seven days after surgery, there were no differ-
ences between the techniques (95% CI —0.22 to 1.49)
(Fig. 3).
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Fig. 2 A meta-analysis
comparing the two surgical
techniques regarding surgical
time; I’ = 78.3, the random
effect model used

Fig. 3 Meta-analysis
comparing the two surgical
techniques evaluating trismus,
> = 00:00 — 79.67, random
effect model used
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Discussion

Surgery for the removal of third molars through the use of
piezoelectric motors seems to be a viable alternative
compared to rotary instruments. Current efforts in den-
toalveolar surgery endeavour to obtain less morbid results,
faster healing times and less interference with the quality of
life of patients who must undergo these procedures [4, 31].
Thus, the present review aimed at evaluating the variables
pain, swelling, trismus and surgical time compared to
rotary instruments and piezoelectric. However, the
methodological quality of the selected studies was unclear
in most of the papers. The “Allocation concealment” was
not always reported and the “Blinding outcome” of the
evaluators was unclear in most studies. The authors rec-
ognize that the blinding of the surgeon and the subjects was
not possible due to the characteristics of the study. How-
ever, the postoperative valuer could be blinded for the
technique used. This should have been performed and
reported in the papers.

Among the studies included in this systematic review,
eight (8) contemplated the variable pain [14, 15, 23-28].
Although the meta-analysis was not recommended due to
the high heterogeneity among the study results, five (5) of
them had results favoring the use of piezoelectric motor,
when the pain was evaluated. The other three (3) studies
showed no significant differences between the results. Pain
is one of the worst feelings reported by the patient after
surgery of third molars, directly affecting the quality of life
of patients in the postoperative period. Moreover, the
greater postoperative pain increases analgesic consump-
tion, resulting in a more expensive treatment [15]. One of
the justifications for the better performance of piezoelectric
motors when the pain was evaluated, is due to these
engines mechanism of action. The micrometer oscillations
of the piezoelectric motor allows a more selective cutting
of bone structures, which reduces unnecessary tissue
damage, thereby reducing the episodes of pain [23, 32]. A
confounding factor that may have influenced the hetero-
geneity between the results of these studies may have been
the surgical time. In third molar surgery, surgical time and
surgical difficulty are directly proportional to the postop-
erative pain experience [33]. Thus, the variation between
the surgical procedure, the surgeon’s experience and sur-
gical difficulty may have varied among studies, leading to
heterogeneity of the results. Another confounding factor
associated with the evaluation of postoperative pain is the
subjectivity of pain. On the other hand, studies that eval-
uated pain used a standardized scale to an internationally
accepted measurement; this variable is the VAS (visual
analogic scale).

As well as in variable pain, it was not possible to perform
meta-analysis to evaluate the edema between studies.
However, in this variable, the reason was the methodologi-
cal differences between the studies. The differences between
the evaluation periods and how to measure the edema
between studies was crucial not to perform the statistical
analysis. A total of seven (7) studies evaluated the edema
[14, 15, 23, 27-30]. Of these, seven showed better results for
the use of the piezoelectric motor in the lower third molar
surgery, than rotary instruments. Only one study showed no
significant differences between the results [27]. Swelling and
pain are signals indicating inflammation. Thus, the reason to
better results with the use of piezoelectric motors than rotary
instruments is basically the same. The selective cutting of
tissue can provide fewer trauma, with less release of
inflammatory chemical mediators, thereby producing less
pain and swelling than rotary instruments [32]. Another
study showed a low rate of facial swelling, or even a lack of
facial swelling in more than 70 % of the cases analyzed with
the use of piezoelectric motors when compared with rotary
instruments [29]. However, the results with respect to facial
swelling must be analyzed carefully. The high heterogeneity
between results and employed methodological differences
can give us false-positive results. Edema is a difficult vari-
able to be measured, and measurement bias may be present,
even with the calibration of the examiners, since it is a three-
dimensional evaluation, with two-dimensional resources
[34].

Trismus is a complication associated with extraction of
third molars. Clinical trials related to the third molar
extraction has evaluated a trismus variable in an attempt to
minimize this postoperative complication [4]. In this meta-
analysis, the trismus variable was subjected to meta-anal-
ysis, evaluating the results found in three studies
[15, 23, 25]. The results of this meta-analysis were favor-
able to the use of the piezoelectric motor when compared
to rotary instruments 2, 3 and 5 days postoperatively
(Fig. 3). On the seventh postoperative day, there was no
difference between the use of piezoelectric motor and the
rotary instruments. This result can be explained by the
increased amount of inflammatory agents in the wound
area until the third day, showing regression of the inflam-
matory process in both cases on the seventh postoperative
day, which is expected in third molar surgery. Thus, it can
be seen that the amount of inflammation produced by the
use of the piezoelectric motor is smaller than the rotary
instruments, as trismus is directly proportional to tissue
damage.

Another variable closely related to postoperative com-
plications in third molar surgery is the operating time. The
operating time is directly proportional to the amount of
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inflammation caused since more time is spent to remove a
third molar, probably causing a greater inflammatory
response. Interestingly, the present meta-analysis showed
that the surgeries performed with piezoelectric motors are
more time-consuming than with rotary instruments. How-
ever, they showed lower levels of inflammation with
respect to swelling, pain and trismus. It is valid to
emphasize that piezoelectric surgery is a relatively new
technique, where the learning curve may have been
instrumental in increasing the time to perform the proce-
dure, compared to the rotary instruments.

Recently a systematic review on the subject was pub-
lished [35]. Apparently, the two works were carried out at
the same time as can be see in the search strategy sec-
tion. Despite the similarity between the two revisions, we
find that the search strategy was different between over-
hauls, presenting a discrepancy between the number of
studies initially included. This review started with a total of
nine hundred seventy-three (973) studies, while the other
started with three hundred twenty-five (325) studies. In this
systematic review, it included three articles that compared
the rotary instrument and other techniques, but did not
show as drawing the Clinical Trial Randomized Controlled.
However, the authors were careful not to include these
studies in the meta-analysis which could be attributed to
heterogeneity in the results. Thus, these studies were ana-
lyzed descriptively, which makes the results of this review
broader. There were differences between the meta-analysis
of the two studies. This study used a specific tool for
performing the meta-analysis, which gives greater credi-
bility on results achieved, while in another review the
program used was Stata [35], a statistical generic program.
It is worth noting that the formula used by the programs is
different, which can cause a difference between the results
achieved. Another aspect to be highlighted is the inclusion
of the assessment of heterogeneity 1% in all captions.

The results of this systematic review showed that the
piezoelectric surgery was more effective than the use of
rotary instruments when comparing pain, swelling and
trismus, in third molar surgeries. On the other hand, more
surgical time was spent to perform piezoelectric surgery.
However, due to the quality of trial found, these results
should be interpreted with caution.
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