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Introduction: Previous systematic reviews evaluating piezoelectric osteotomy are
of critically low quality. We conducted a high-quality systematic review and meta-
analysis to evaluate outcomes for piezoelectric versus conventional osteotomy.
Methods: The study protocol was published a priori (PROSPERO:
CRD42021287877). MEDLINE, Embase, Web of Science, and CENTRAL were
searched for studies comparing piezoelectric versus conventional osteotomes and
reporting at least one outcome of interest (clinical or patientreported outcomes,
PROs). Methodological quality and risk of bias were assessed using GRADE and
Cochrane’s RoB-2/ROBINS-I tools, respectively. Random effects models were
applied.

Results: Of 347 articles, 10 studies (nine randomized controlled trials; one prospec-
tive cohort study) including 554 patients were included. Piezoelectric osteotomy
was associated with significantly reduced edema [standardized mean difference
(SMD), -0.67; 95% confidence interval (CI), -1.03 to —0.30; P < 0.0004], ecchy-
mosis (SMD, -0.93; 95% CI, -1.13 to —0.73; P < 0.00001), and pain (SMD, -1.48;
95% CI, —2.07 to —0.88; P< 0.00001) compared with standard osteotomy. Odds of
mucosal injury were significantly lower following piezoelectric osteotomy (odds
ratio, 0.06; 95% CI, 0.01 to 0.52; P=0.01). There was no difference in duration of
osteotomy (SMD, 3.15; 95% CI, -1.82 to 8.12; P=0.22) or total procedure duration
(SMD, 0.46; 95% CI, —0.43 to 1.36; P= 0.31). One study reported PROs, favoring
piezoelectric osteotomy.

Conclusion: This systematic review and meta-analysis provides support (albeit weak,
due to low-quality evidence) for piezoelectric over conventional osteotomy, for reduc-
ing morbidity in the early postoperative period. High-quality level I data reporting
PROs will optimize shared decision-making/informed consent. (Plast Reconstr Surg
Glob Open 2022;10:e4673; doi: 10.1097/GOX.0000000000004673; Published online 23
November 2022.)

VYIXDOMADYOINXYOHISABZIy1+eyNIOITWNO3ZTARY HGaSHNAUg Ag obsid/wod mm| sreulnoly/:diy woly papeojumoq

INTRODUCTION
Osteotomy is a key step in rhinoplasty surgery used
to reshape the nasal bones. However, osteotomies con-
tribute to procedural morbidity secondary to soft tissue
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damage,' with resultant postoperative edema, ecchymo-
sis, and pain.? Traditionally, osteotomy is performed with
hammer and chisel, but piezoelectric devices using ultra-
sonic microvibrations to cut bones with precision offer
promise by theoretically minimizing damage to soft-tissue
structures.®

Several studies, including randomized controlled trials
(RCTs), have shown piezoelectric osteotomy to be associ-
ated with fewer postoperative morbidities.” However, four
previously published systematic reviews comparing piezo-
electric osteotomy to conventional technique contain
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Related Digital Media are available in the full-text ver-
sion of the article on www.PRSGlobalOpen.com.
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inconsistencies®*'!" and are low or critically low quality,

as judged by the AMSTAR-2 (a measurement tool to assess
systematic reviews) criteria'? for systematic reviews. (See
table, Supplemental Digital Content 1, which displays key
findings of previous reviews assessing the effect of piezo-
electric osteotomy in rhinoplasty on various clinical out-
comes, http://links.lww.com/PRSGO/C271; see table,
Supplemental Digital Content 2, which displays quality of
reviews according to AMSTAR-2 criteria, http://links.lww.
com/PRSGO/C272.)

This precludes reliable conclusions being drawn regard-
ing relative merits of piezoelectric devices for osteotomies.
Previous reviews also excluded observational studies, despite
low patient enrollment and lack of long-term follow-up in
RCTs. Additionally, none investigated patient-reported out-
comes (PROs), which should be considered paramount
in the field of cosmetic surgery, given patient satisfaction
is the bedrock of procedural success."”'* Obtaining pre-
cise answers about the impact of piezoelectric osteotomy
will assist shared decision-making between patients and
surgeons when discussing best treatment options in rhino-
plasty, and allow accurate characterization of postsurgical
morbidity, facilitating better informed consent processes.
This systematic review and meta-analysis aimed to clarify
methodologic concerns of past reviews and evaluate the
effect of piezoelectric osteotomy in patients undergoing
rhinoplasty compared with conventional technique on
short- and long-term clinical outcomes including PROs,
using a robust prespecified methodology.

METHODS
The study protocol was registered and published a pri-
ori with the international prospective register for systematic
reviews, PROSPERO (CRD42021287877)."> The AMSTAR-2
criteria were used to assess the quality of previously pub-
lished systematic reviews in relation to this review.

Search Strategy and Selection Criteria

This systematic review and meta-analysis adhered to
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines'® and was AMSTAR-2 com-
pliant."”” Two authors independently searched MEDLINE,
Embase, Cochrane Central Register of Controlled Trials,
and Web of Science for studies published before April
16, 2022. (See appendix, Supplemental Digital Content
3, which displays the search strategies, http://links.lww.
com/PRSGO/C273.) The search strategies were devised
in consultation with a literature search expert from the
University of Cambridge, UK. No language restrictions
were applied to the search.

To identify the totality of relevant literature, random-
ized and observational studies enrolling human par-
ticipants comparing the use of piezoelectric osteotomy
and conventional osteotomy in rhinoplasty including at
least one clinical outcome of interest were included. We
included observational studies to increase statistical power
for clinical outcomes, increase follow-up length, and iden-
tify rare adverse effects. Outcomes of interest included
eyelid edema, periorbital ecchymosis, postoperative pain,
duration of surgery, mucosal injury, and PROs. Case series,
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Takeaways

Question: What are the clinical and patient-reported out-
comes of piezoelectric versus conventional osteotomy in
rhinoplasty?

Findings: Piezoelectric osteotomy was associated with sig-
nificantly reduced edema, ecchymosis, mucosal injury,
and pain in postoperative week 1 with no difference in
osteotomy duration or total procedural time.

Meaning: The review provides support for piezoelectric
over conventional osteotomy, for reducing morbidity in
the early postoperative period.

review articles, conference abstracts, opinion pieces, basic
science research, studies with no outcome data, and stud-
ies in non-English languages without translation were
excluded. The PRSIMA flow diagram of selection of
included studies is depicted in Figure 1. The characteris-
tics of the included studies are shown in Table 1.

Two authors independently performed title and
abstract screening of retrieved studies, with full texts of all
potentially eligible papers subsequently assessed for inclu-
sion. Any discrepancy was resolved by consensus discus-
sion with a senior author.

Data Analysis

Data from studies that fulfilled our inclusion criteria
were extracted independently by two authors. In the event
of missing or incomplete data, we planned to contact cor-
responding authors of relevant studies to share study-level
anonymized data. Study demographics (author, journal,
date, country, design, ethical approval, and funding), total
numbers of patients, patient demographics, and clinical
outcomes stratified by osteotomy technique were extracted.

Two authors independently assessed the quality of
included studies using the ROBINS-I tool'” for observational
studies and Cochrane risk-of-bias tool for randomized tri-
als (RoB2)." Any discrepancies in quality assessment were
resolved in consultation with a senior author.

As per the prespecified analysis plan and in antici-
pation of moderate-to-high heterogeneity given the dif-
fering clinical settings and piezoelectric devices used,
a random effects meta-analysis of pooled raw data was
employed using the DerSimonian and Laird method
for each outcome with adequate data for quantitative
synthesis. Rhinoplasty patients undergoing piezoelec-
tric osteotomy were compared with patients who under-
went conventional osteotomy. Where available, adjusted
effect estimates were combined, and in the absence of
adjustment for confounders, raw effect estimates were
combined. The results are presented in forest plots as
standardized mean differences (SMDs) for continuous
outcomes and odds ratios for dichotomous outcomes.
Corresponding 95% confidence intervals (Cls) were gen-
erated for each outcome. P estimates of heterogeneity,
representing the variability across studies, are classified
as low (<80%), moderate (30%—-60%), or high (>60%).
Sensitivity analyses were planned to investigate how
inclusion of low risk-of-bias studies and only RCTs would
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Fig. 1. Flow diagram of selection of included studies.

affect the observed results. Tests for publication bias were
only planned in the event of 10 or more studies being
included in meta-analyses, because when there are fewer
studies, the power of the tests is too low to distinguish
chance from real asymmetry."” Pvalues less than 0.05 were
considered statistically significant.

Data were analyzed using Review Manager (RevMan)
Version 5.4, The Cochrane Collaboration, 2020.

RESULTS

Search and Included Studies

The literature search identified 347 studies. Following
title and abstract screening, 10 studies were deemed eli-
gible for inclusion following full-text screening.'*-?
No additional studies were identified via hand search/

snowballing of references of included full texts. The 10
included studies enrolled 554 participants who under-
went a rhinoplasty procedure, either with a piezoelectric
or conventional osteotomy. Of these participants, 260
underwent rhinoplasty with a piezoelectric osteotomy,
with 239 of these randomized to this intervention, and the
remaining participants underwent rhinoplasty with a con-
ventional osteotomy. Nine included studies were RCTs,
and the other remaining study was a prospective cohort
design.”” Nine studies were performed at a single center,
and one study was performed across three centers. Most
studies were performed in Turkey (6 of 10, 60%), with two
performed in Iran, one performed in Austria, and one
performed in Italy. Less than half (4 of 10, 40%) of studies
disclosed funding status. All studies that disclosed funding
status were unfunded.
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The open rhinoplasty approach was used in the major-
ity (9 of 10, 90%) of studies, with the remaining opting
for the closed approach. The piezoelectric device of
choice varied between studies and included Woodpecker
piezosurgery unit SDT-E702 (Woodpecker, Guangxi,
China), Piezosurgery flex device (Mectron, Carasco,
Italy), VarioSurg device (NSK Ltd., Tokyo, Japan), and the
Piezotome I or II (Acteon, Bordeaux-Merignac, France).

The present review was deemed to be high quality
as per the AMSTAR-2 criteria. (See table, Supplemental
Digital Content 2, http://links.Ilww.com/PRSGO /C272.)

Clinical Outcomes

Postoperatieve Edema

Postoperative edema was reported as an outcome in
four studies using a standardized grading scale>®® first
proposed by Kara and Gokalan® in 1999. Three additional
studies reported Pvalues for difference in edema between
piezoelectric and conventional osteotomy,"* but no
measures of effect or raw data were reported, preclud-
ing their involvement in quantitative meta-analysis.” The
corresponding authors of these studies were contacted
via email to obtain study-level data on two separate occa-
sions, but no response was received. Studies reported early
edema (postoperative days 2-4) and late edema (postop-
erative day 7). Only one study reported edema on postop-
erative day 4,° so this study was not meta-analyzed at this
time point but was included in the overall meta-analysis
across the first postoperative week.

Piezoelectric osteotomy, compared with conventional
osteotomy, was associated with significantly reduced
edema on postoperative day 2 (SMD, -0.90; 95% CI, -1.40
to -0.40; P = 0.0004; I = 0%), on postoperative day 3
(SMD, -1.01; 95% CI, -1.39 to -0.62; P< 0.00001; I*=0%),
and on postoperative day 7 (SMD, -0.67; 95% CI, -1.04
to -0.29; P = 0.0005; I* = 34%). Combining all recorded
edema across the first postoperative week, edema was sig-
nificantly reduced by use of piezoelectric osteotomy when
compared with conventional osteotomy (SMD, -0.67; 95%
CI, -1.03 to -0.30; P < 0.0004; I = 70%). These results
are depicted graphically in Supplemental Digital Content
4. (See figure, Supplemental Digital Content 4, which dis-
plays (a) forest plot showing the effect of piezoelectric
osteotomy on postoperative edema following rhinoplasty
compared with conventional osteotomy, (b) forest plot
showing the effect of piezoelectric osteotomy on postop-
erative ecchymosis following rhinoplasty compared with
conventional osteotomy, and (c) forest plot showing the
effect of piezoelectric osteotomy on postoperative pain
following rhinoplasty compared with conventional oste-
otomy, http://links.lww.com/PRSGO/C274.)

Postoperative Ecchymosis

Postoperative ecchymosis was reported as an outcome
in four studies using a standardized grading scale™**? first
proposed by Kara and Goékalan® in 1999. Three additional
studies'"* reported P values for difference in ecchymosis
between piezoelectric and conventional osteotomy, but
no measures of effect or raw data were reported, preclud-
ing their involvement in quantitative meta-analysis. The

corresponding authors of these studies were contacted
via email to obtain study-level data on two separate occa-
sions, but no response was received. Studies reported early
ecchymosis (postoperative days 2—4) and late edema (post-
operative day 7). Only one study reported ecchymosis on
postoperative day 4, so this study was not meta-analyzed
at this time point but was included in the overall meta-
analysis across the first postoperative week.

Use of piezoelectric osteotomy when compared with
conventional osteotomy significantly reduced ecchymo-
sis on postoperative day 2 (SMD, -1.19; 95% CI, -1.71 to
-0.67; P< 0.00001; I = 0%), day 3 (SMD, -1.06; 95% CI,
-1.44 to —0.68; P < 0.00001; I* = 0%), and day 7 (SMD,
-0.73; 95% CI, -1.06 to —-0.40; P < 0.0001; I* = 17%).
Combining all recorded ecchymosis across the first post-
operative week, ecchymosis was significantly reduced by
use of piezoelectric osteotomy when compared with con-
ventional osteotomy (SMD, -0.93; 95% CI, -1.13 to —0.73;
P <0.00001; I? = 0%). These results are depicted graphi-
cally in Supplemental Digital Content 4. (http://links.
Iww.com/PRSGO/C274.)

Postoperative Pain

Postoperative pain was reported as an outcome in
three studies™*? using a visual analogue scale. Two addi-
tional studies reported P values for difference in post-
operative pain between piezoelectric and conventional
osteotomy,™?' but no measures of effect or raw data were
reported, precluding their involvement in quantitative
meta-analysis. The corresponding authors of these studies
were contacted via email to obtain study-level data on two
separate occasions, but no response was received. Studies
reported early ecchymosis (postoperative days 2—4) and
late edema (postoperative day 7). Pain was reported at dif-
fering time points along the first postoperative week, so
an overall meta-analysis was performed combining scores
across the first postoperative week.

Combining all recorded pain across the first post-
operative week, pain was significantly reduced by use of
piezoelectric osteotomy when compared with conven-
tional osteotomy (SMD, -1.48; 95% CI, -2.07 to -0.88; P
< 0.00001; I* = 59%). These results are depicted graphi-
cally in Supplemental Digital Content 4. (See figure,
Supplemental Digital Content 4, http://links.lww.com/
PRSGO/C274.)

Mucosal Injury

Mucosal injury was reported as an outcome in two
studies.*”" Odds of mucosal injury was significantly lower
following piezoelectric osteotomy compared with conven-
tional osteotomy (odds ratio, 0.06; 95% CI, 0.01 to 0.52; P
=0.01; I = 0%). These results are depicted graphically in
Supplemental Digital Content 5. (See figure, Supplemental
Digital Content 5, which displays (a) forest plot showing
the effect of piezoelectric osteotomy on postoperative
mucosal injury following rhinoplasty compared with con-
ventional osteotomy and (b) forest plot showing the effect
of piezoelectric osteotomy on postoperative duration of
surgery following rhinoplasty compared with conventional
osteotomy, http://links.lww.com/PRSGO/C275.)
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Duration of Surgery

Total duration of osteotomy was reported in two stud-
ies,**! and total duration of procedure was reported in
one study.” One additional study’ reported total dura-
tion of procedure, but no measures of data spread were
reported, precluding its inclusion in a quantitative meta-
analysis. There was no significant difference in the dura-
tion of osteotomy (SMD, 3.15; 95% CI, -1.82 to 8.12;
P=10.22;1?=94%) or total duration of procedure (SMD,
0.46, 95% CI, -0.43 to 1.36; P = 0.31; I* = NA) when per-
forming piezoelectric osteotomy versus conventional
osteotomy, though a nonsignificant trend toward increas-
ing procedural duration (length of osteotomy + total
length of surgery) was identified with use of piezoelec-
tric technology (SMD, 2.01; 95% CI, -0.10 to 4.13; P =
0.06; I = 90%) . These results are depicted graphically in
Supplemental Digital Content 5 (http://links.lww.com/
PRSGO/C275).

Risk of Bias, Heterogeneity, and Publication Bias

Risk of bias assessment identified five included stud-
ies that were at high/serious risk of bias,*”****! four with
some concerns"*** and only one with low risk of bias.’
Full risk of bias assessment is presented in Supplemental
Digital Content 6. (See figure, Supplemental Digital
Content 6, which displays risk of bias. (A) Summary of risk
of bias assessment as per RoB 2 for randomized trials. (B)
Summary of risk of bias assessment as per ROBINS-I for
nonrandomized studies. (C) Graphical representation of
risk of bias across all included studies displayed as percent-
ages, http://links.lww.com/PRSGO/C276.)

Heterogeneity did not exist for edema on postopera-
tive days 2 and 3 (I = 0% for both), and was moderate
for day 7 (I* = 34%). It was high when combining all
edema grades in the first postoperative week (I* = 70%).
Heterogeneity did not exist for periorbital ecchymosis on
postoperative days 2 and 3 (I? = 0% for both), and was low
for day 7 (I* = 17%). There was no heterogeneity when
combining all ecchymosis grades in the first postoperative
week (I? = 0%). Heterogeneity was moderate for pain in
the first postoperative week (I = 59%). There was no het-
erogeneity for mucosal injury postoperatively (I = 0%).
Heterogeneity was high for duration of surgery (I*=90%).

As recommended by the Cochrane Collaboration,"
statistical or graphical tests for publication bias were not
performed due to no outcome being reported by ten or
more studies. This is because the power of the tests is too
low to distinguish chance from real asymmetry.

DISCUSSION

To our knowledge, this is the largest systematic review
and meta-analysis comparing outcomes with piezo-
electric and conventional osteotomy techniques fol-
lowing rhinoplasty procedures.>*'*!" It is also the first
high-quality systematic review and meta-analysis, as judged
by the AMSTAR-2 criteria. (See table, Supplemental Digital
Content 2, http://links.lww.com/PRSGO/C272.)"* It
demonstrates that use of piezoelectric osteotomy is asso-
ciated with reduced postoperative edema, periorbital
ecchymosis, and pain scores in the first postoperative week
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compared with conventional osteotomes. Furthermore,
mucosal injury was reduced with use of piezoelectric
technology, while duration of surgery was not prolonged
despite use of novel technology.

Application of electric charge to piezoelectric crys-
tals results in rapid expansion and contraction with sub-
sequent high-frequency vibration of the instrument tip
allowing denaturation of proteins and emulsification of
bone.? Piezoelectric osteotomy was first applied to rhino-
plasty in lateral osteotomies, but has since expanded to
medial osteotomy and dorsal hump reduction.** It offers
increased precision when cutting and sculpting bone
compared with conventional osteotomy techniques, mini-
mizing damage to surrounding tissue.”” This was demon-
strated in our review by reduction in mucosal injuries
when compared with conventional techniques. Additional
reported advantages include increasingly stable osteoto-
mies and avoidance of radial and asymmetric fracture
lines, and damage to underlying periosteum and mucosa.
The ability to maintain periosteal and mucosal integrity
while reducing bony damage is likely one mechanism by
which piezoelectric osteotomy reduces severity of postop-
erative complications such as eyelid edema, periorbital
ecchymosis, and pain throughout the early postoperative
period.

Previously reported limitations of piezoelectric tech-
nology include prolonged procedure time,” potential for
increased tissue damage if used inappropriately, increased
cost, and learning curve inherent with new surgical tech-
niques.”* Although one included study did report sig-
nificantly longer procedure duration with piezoelectric
osteotomy,” meta-analysis revealed no significant differ-
ence, in duration of the overall procedure or of osteotomy
specifically. Thus, it appears that while piezoelectric tech-
nology comes with an inconvenience of a learning curve,
once proficiency is achieved, the surgeon and patient may
be rewarded with superior clinical outcomes.

Extent of tissue damage is difficult to evaluate in vivo,
but our search identified a cadaveric study performed by
Demirbilek and Evren,” reporting increased levels of soft-
tissue necrosis with use of piezoelectric technology follow-
ing histopathological evaluation. The authors postulate
that long-term tissue damage caused by ultrasonic vibra-
tions may cause problems later in follow-up, particularly
in those with thin skin, representing another reason stud-
ies with longer follow-up durations are required. We also
identified an RCT evaluating the impact of piezoelectric
technology on short-term auditory outcomes*” that found
no difference between piezoelectric and conventional
osteotomy technology. This was not included in our meta-
analysis as no other primary outcomes of interest identi-
fied in our prespecified protocol were reported."

Piezoelectric technology is more expensive than con-
ventional osteotomy techniques, with the cost of a piezo-
electric osteotome unit previously reported at between
5000 and 7000, euros and the cost of a replacement tip
ranging between 150 and 200 euros per tip. The cost of
the technology may be offset by the observed reductions
in postoperative complications; however, no conclusions
about this can be drawn from our study as no included
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studies included economic analyses.” Clinical investigators
enrolling participants into future RCTs using piezoelectric
osteotomy in rhinoplasty should endeavor to incorporate
cost-utility analysis into their statistical plans and report
incremental cost-effectiveness ratios to facilitate economic
evaluation.

Our results confirm findings previously reported
in smaller systematic reviews and meta-analyses. To our
knowledge, three systematic reviews and meta-analyses
comparing use of new piezoelectric technology and con-
ventional osteotomy techniques in rhinoplasty have been
published to date. All three studies were critically low**!’
when assessed using the AMSTAR-2 criteria.”” (See table,
Supplemental Digital Content 2, http://links.lww.com/
PRSGO/C272.) The main weaknesses were lack of explicit
use of PICO framework,” lack of transparency about litera-
ture screening process and data extraction, and omission of
risk of bias assessment. Tsikopoulos et al'” also omitted the
clinical trial conducted by Ghavimi et al® despite it being
published within the time window of the search and fulfill-
ing the inclusion criteria. A recently published systematic
review by McGuire et al'' compared the use of piezoelec-
tric technology and conventional techniques in craniofacial
surgery more broadly. This study was also deemed to be crit-
ically low in quality as per AMSTAR-2 criteria. (See table,
Supplemental Digital Content 2, http://links.lww.com/
PRSGO/C272.) This was due to their use of the method-
ological index for non-randomized studies (MINORS) cri-
teria for assessing risk of bias, which does not consider bias
in selection of reported results.'*

There were several inconsistencies between the three
currently published systematic reviews evaluating use of
piezoelectric technology in rhinoplasty. All three studies
included the study by Taskin et al,' which failed to report
which groups received which interventions. Mirza et al®
interpreted “group 1” as having undergone conventional
osteotomy, while Tsikopoulos et al' assigned the same
group to have undergone piezoelectric osteotomy. Kim et
al’ also included this RCT in their analysis; however, they
did not report individual values and, therefore, it remains
unclear how they interpreted the assignment of interven-
tions. IThan et al’ reported in their RCT individual scores
for postoperative edema and ecchymosis assigned by each
of the two examiners; however, Tsikopoulos et al'’ included
only one of the two reported scores in their meta-analysis.

Rhinoplasty is an aesthetic procedure. As such, overall
patient satisfaction should feature among primary out-
come measures of a clinical trial assessing its use. Indeed,
it has even been argued that PROs should be the raison
d’etre for cosmetic surgery, with simple clinical outcome
measures alone being inadequate.” It was, therefore,
surprising to find that only one study included in our
analysis assessed overall patient satisfaction with the final
outcome with use of a PRO. Troedhan® used the validated
and simple Rhinoplasty Outcome Evaluation (ROE) ques-
tionnaire, which addresses both aesthetic and functional
deficiencies that may encourage patients to pursue rhino-
plasty.” They also correlated ROE scores with severity of
postsurgical morbidity, suggesting an association between
reduced morbidity in the immediate postoperative period

and increased overall patient satisfaction.”” However,

while the author should be commended for using PROs, it
should also be noted that ROE did not undergo robust psy-
chometric assessment during its development, and Rasch
measurement theory methods were not used. Rasch analy-
sis is increasingly used in outcomes research and highlights
to what extent rigorous measurement is achieved by exam-
ining fit between observed scores (participant responses)
and expected values predicted from the data by the Rasch
mathematical model.” There is an abundance of PROs
available assessing functional and cosmetic aspects of rhi-
noplasty, with a systematic review identifying ten validated,
rhinoplasty-specific PROs.'" Furthermore, the American
Society of Plastic Surgeons and Royal College of Surgeons
in England have reinforced the importance of including
PROs in studies evaluating new cosmetic modalities.”*
Future trials assessing any aspect of rhinoplasty should
include PROs that have used modern psychometric meth-
ods in their development as key gold-standard outcome
measures to ensure that patient experience remains at the
forefront of surgical intervention.

Research should be transparent, reproducible, and
allow readers to interpret the results independently of
the author. Only four of ten included studies"**’ reported
funding status, which is crucial when evaluating novel
technology that carries commercial interest for device
manufacturers. No studies reported comorbidities or
demographic characteristics other than age and sex, which
precludes analysis of specific subgroups that may benefit
more from piezoelectric osteotomy. Although our study
confirmed the superiority of piezoelectric osteotomy to
traditional osteotomy techniques, the overall quality and
internal validity of the data supporting this conclusion are
low. All but one® study included in the meta-analysis were
deemed to be at moderate to high risk of bias using the
RoB 2 or ROBINS-I tool. Therefore, we were unable to
perform sensitivity analyses including only studies with
low risk of bias, as only one study fulfilled this criterion.
The key limitations were lack of clarity about randomiza-
tion processes, single or unclear blinding protocols, and
lack of transparency in reported results. These concerns
have been raised previously about the plastic surgery lit-
erature.” One study displayed a high attrition rate with 16
patients lost to follow-up and a further four patients dis-
missed from the study, with no mention of how these four
patients were chosen for exclusion, which may have had
important implications for interpretations of the results.’
No mention was made of whether the final study popu-
lation was analyzed via the intention-to-treat principle or
whether attempts to address missing data using methods
such as imputation or last-observation-carried-forward
were used. (See table, Supplemental Digital Content 7,
which displays the PRISMA checklist, http://links.lww.
com/PRSGO/C277.)

To facilitate informative comparison and meta-
analysis of RCTs, authors must report findings in a stan-
dardized format including exact values for any data
collected, effect sizes, standard deviations, and sample
size for all subgroups as well as P values for differences
and associated 95% Cls. We excluded data from multiple
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relevant studies because of insufficient or inadequate
could have contributed valuable study-level data on
edema, ecchymosis, and pain outcomes but the authors
did not report raw data or effect sizes, only P values for
differences.*” We were, therefore, unable to incorpo-
rate these data into meta-analyses. Another study was
excluded as, while reporting data correctly, the authors
failed to make explicit which groups had been assigned
to which intervention, instead calling them group 1 and
group 2, with no way to differentiate the groups in terms
of allocation.! Corresponding authors of these studies
were contacted via email to obtain study-level data on
two separate occasions, but unfortunately, no response
was received. We also only included RCTs that graded
edema and ecchymosis using a scale described by Kara
and Gokalan® in 1999 to ensure validity of our meta-
analysis. This meant correctly reported but incompat-
ible data from several studies were excluded.”*?! Future
studies should focus on using standardized scales to
grade postrhinoplasty outcomes to facilitate sound com-
parison and meta-analysis.

Heterogeneity was generally low or moderate when
considering periorbital ecchymosis, pain, and mucosal
injury. When combining all edema grades in the first post-
operative week, heterogeneity was noted to be high. As the
number of included studies in meta-analysis was small, we
investigated individual study heterogeneity qualitatively
rather than quantitatively. Although statistical causes of
heterogeneity are likely present, clinical causes were also
considered. Troedhan® has previously noted that environ-
mental and patient-specific factors such as ambient temper-
ature, patient positioning, and ice-pack usage can greatly
affect postoperative edema. Heterogeneity was also high for
duration of surgery, which may represent differences in the-
ater protocols or surgeon preferences and styles between
different study centers. Furthermore, studies took place
in disparate clinical settings, and used different brands of
piezoelectric devices, which likely further contribute to an
element of overall heterogeneity between included studies.

There are a few limitations of our work. Despite our study
being the first high-quality systematic review and meta-anal-
ysis comparing piezoelectric with conventional osteotomy in
rhinoplasty, we had to exclude three studies™***' from meta-
analyses because of the aforementioned issues with report-
ing of results. This resulted in a third of the totality of RCT
evidence evaluating piezoelectric osteotomy in rhinoplasty
being unavailable for comparison. As the results were in
favor of piezoelectric osteotomy, they would be unlikely to
change the direction of the results, but more precise effect
estimates, and corresponding Cls would be obtained. If
any responses from the corresponding authors who were
contacted are received in the future, we will update our
meta-analysis and disseminate our results. Another limita-
tion is that the results of this meta-analysis may not be gen-
eralizable globally, as six of 10 studies were performed in
Turkey,"*%7*** and a further two performed in Iran.”* Only
two were performed in Western Europe,”?' and none in
the United States of America or other geographical regions
undertaking a major volume of global plastic surgery
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procedures. The possibility of ethnic, cultural, and health-
care system-specific differences should prompt exercising
caution when extrapolating these results to patient popula-
tions not enrolled in the included studies. Finally, included
studies tended to only have follow-up in the immediate
postoperative period, and as such, we cannot comment on
whether the observed superiority of piezoelectric osteotomy
remains robust in the medium to long term.

In conclusion, this first methodologically robust sys-
tematic review and meta-analysis provides support (albeit
weak) for piezoelectric osteotomy for reducing morbid-
ity in the immediate postoperative period, in light of the
low-quality evidence that underpins these results. There
is a paucity of data on medium and long-term outcomes
as well as lack of PRO measurement, which must be pri-
oritized in future research evaluating piezoelectric osteot-
omy. Itis crucial that further RCTs adhere to Consolidated
Standards of Reporting Trials* guidelines to increase con-
fidence in the use of piezoelectric osteotomy and provide
a robust evidence base to support adoption of this promis-
ing technology.
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