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Abstract. This systematic review was conducted to evaluate the stability and surgical

complications of segmental Le Fort I osteotomy. The search was divided into a main
search (PubMed, Embase, and Cochrane Library), grey literature search (Google
Scholar), and manual search. Twenty-three studies were included: 14 evaluating
stability as the outcome and nine evaluating surgical complications. The level of
agreement between the authors was considered excellent (K = 0.893 for study
selection and Kk = 0.853 for study eligibility). The segmental Le Fort I osteotomy
provides stable outcomes in the sagittal plane, is less stable dentally than skeletally
in the transverse plane, and provides little stability in the posterior segment after
downward movement. The most frequent complications are oral fistula (six studies)
and damage to the adjacent teeth (five studies), but the most prevalent complication
is postoperative infection (32.62%). Four studies evaluating stability as the outcome
showed a medium potential risk of bias, whereas all studies addressing surgical
complications showed a high potential risk of bias. The segmental Le Fort I
osteotomy should not be excluded from the technical armamentarium in
orthognathic surgery. On the contrary, the literature consulted suggests it to be a
useful tool for the three-dimensional surgical correction of maxillary malposition.
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The treatment of dentofacial deformity
often calls for a combined orthodontic
and surgical approach to obtain satisfac-
tory functional and aesthetic results with
long-term stability'. Many anomalies af-
fect the width of the maxillary arch as
well as the curve of Spee”. In this context,
the preeminent technique for surgical

0901-5027/0901071+017

correction is the segmental Le Fort I
osteotomy, which provides coordination
of the premaxilla with the posterior seg-
ments while simultaneously enabling an
improvement in the transverse dimen-
sion’.

The segmental Le Fort I osteotomy is
recommended for the single-stage correc-

tion of transverse maxillary deficiencies
up to 6-7 mm®, the correction of anterior
open bite when there is a difference in the
occlusal planes between the posterior and

# Orion Luiz Haas Junior and Raquel Gui-
jarro-Martinez contributed equally to this
work.
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anterior segments of the maxilla not ame-
nable to orthodontic correction, and the
correction of severe proclination of the
anterior teeth’. According to Proffit
et al., 30% of patients with a dentofacial
deformity who seek treatment present a
transverse maxillary deficiency compo-
nent’. Nevertheless, surgeons may hesitate
to use the segmental Le Fort I osteotomy
because the safety and stability of this
technique remain unclear”.

Concern about stability is based on the
tenet that maxillary expansion is consid-
ered the least stable surgical procedure’,
and that many factors contribute to post-
surgical instability, such as masticatory
muscle activity, incorrect orthodontics,
intraoperative complications, inadequate
maxilla mobilization, the type and amount
of surgical movement, inappropriate or no
bone grafting, soft tissue tension, and
segmental stabilization™*.

Doubts about safety, in turn, are based
on the increased risk of intraoperative and
postoperative complications®”, due to the
adverse sequelae that can occur in the
anatomical structures adjacent to the seg-
mental osteotomies, such as tooth damage,
oral fistula, non-union, and partial or total
segment loss’.

Research into the long-term stability
and surgical complications of this tech-
nique could help patients, orthodontists,
and surgeons estimate the benefit of an
elective operation versus its imminent
risks, as well as prevent the occurrence
of complications and facilitate their man-
agement'’. Within this context, systematic
reviews are particularly relevant, as they
are able to summarize and organize data
from interventional studies — thus improv-
ing effect estimates — and analyze the risk
of bias in the published literature''2.

This systematic review was conducted
to evaluate the stability and surgical com-
plications related to the segmental Le Fort
I osteotomy. The two specific questions
for which answers were sought were the
following: (1) Can this surgical procedure
provide and maintain stability in the post-
operative period? (2) What are the main
complications and their causal factors?

Methods

A systematic search of the PubMed,
Embase, and Cochrane Library databases
was performed, using the PICO strategy
(population: dentofacial deformity or
orthognathic surgery; intervention: seg-
mental Le Fort I osteotomy or segmented
Le Fort I osteotomy; comparison: multi-
segmented Le Fort I osteotomy and/or Le
Fort I osteotomy; outcome: stability and/

or complications). No restrictions were
placed on language or year of publication,
and Boolean operators (‘‘OR’> and
““AND’’) were used for the combinations
of thesaurus terms related to dentofacial
deformity, segmental Le Fort I osteotomy,
stability, and surgical complications.

Search strategy

Main search

The PubMed search strategy employed the
following medical subject heading
(MeSH) entry terms: [(‘‘Dentofacial De-
formities’> OR ‘‘Deformities, Dentofa-
cial’”” OR “‘Deformity, Dentofacial’’> OR
““Dentofacial Deformity’> OR ‘‘Dentofa-
cial Abnormalities’” OR ‘‘Abnormalities,
Dentofacial’” OR ‘‘Abnormality, Dento-
facial’”> OR ‘‘Dentofacial Abnormality’’
OR ‘‘Dentofacial Dysplasia’> OR ‘‘Den-
tofacial Dysplasias’” OR ‘‘Dysplasia,
Dentofacial’” OR ‘‘Dysplasias, Dentofa-
cial”’ OR ‘‘Orthognathic Surgery’> OR
“‘Orthognathic Surgery’” OR ‘‘Orthog-
nathic ~ Surgeries’”> OR  “‘Surgeries,
Orthognathic’> OR “‘Surgery, Orthog-
nathic’> OR ‘‘Maxillofacial Orthognathic
Surgery’” OR ‘‘Maxillofacial Orthog-
nathic Surgeries’” OR “‘Orthognathic Sur-
geries, Maxillofacial”> OR ‘‘Orthognathic
Surgery, Maxillofacial’> OR ‘‘Surgeries,
Macxillofacial Orthognathic’> OR “‘Sur-
gery, Maxillofacial Orthognathic’”> OR
“‘Orthognathic Surgical Procedures’> OR
““Orthognathic Surgical Procedure’” OR
““Procedure, Orthognathic Surgical’> OR
““Procedures, Orthognathic Surgical’”” OR
““‘Surgical Procedure, Orthognathic’> OR
““‘Surgical Procedures, Orthognathic’’)
AND (““Maxillary Osteotomy’> OR
““Maxillary Osteotomies’> OR ‘Osteo-
tomies, Maxillary’> OR ‘‘Osteotomy,
Maxillary’” OR ‘‘Osteotomy, Le Fort”’
OR “‘Le Fort Osteotomy’” OR *‘Osteot-
omy, LeFort”” OR ‘‘LeFort Osteotomy’’)
AND (“‘Recurrence’” OR ‘‘Recurrences’’
OR “‘Recrudescence’” OR ‘‘Recrudes-
cences’” OR ‘‘Relapse’” OR ‘‘Relapses’”
OR “‘Intraoperative Complications’> OR
“‘Complication,  Peroperative’>  OR
““‘Complications, Peroperative’” OR *‘Per-
operative Complication’> OR ‘‘Peropera-
tive Complications’” OR ‘‘Complication,
Intraoperative’” OR “‘Complications, In-
traoperative’” OR ‘‘Intraoperative Com-
plication’” OR ‘‘Injuries, Surgical’’” OR
““Injury, Surgical’’ OR ‘‘Surgical Injury”’
OR “‘Surgical Injuries’> OR ‘‘Postopera-
tive Complications’> OR ‘‘Complication,
Postoperative’> OR  ““‘Complications,
Postoperative’” OR ‘Postoperative Com-
plication’’)].

For Embase, the PICO search strategy
was employed, with the following Emtree
terms and their synonyms: ‘‘dentofacial

deformity’’, ‘‘orthognathic  surgery’’,
“‘maxilla osteotomy’’, ‘‘relapse’’, ‘‘recur-
rence risk’’, ‘‘postoperative complica-

tion’’, and ‘‘peroperative complication’’.
The specific search query was the follow-
ing: [(‘dentofacial deformity’/exp OR
‘dentofacial deformities’ OR ‘dentofacial
deformity’ OR ‘dentofacial malformation’
OR  ‘orthognathic  surgery’/exp OR
‘orthognathic surgery’ OR ‘orthognathic
surgical procedures’) AND (‘maxilla
osteotomy’/exp OR ‘Le Fort operation’
OR ‘Le Fort osteotomy’ OR ‘maxilla
osteotomy’ OR ‘maxillary osteotomy’
OR ‘osteotomy, Le Fort’ OR ‘osteotomy,
maxilla’)  AND  (‘relapse’/exp OR
‘relapse’ OR ‘recurrence risk’/exp OR
‘recidivation risk” OR ‘recidivism risk’
OR ‘recurrence rate’ OR ‘recurrence risk’
OR ‘relapse rate’ OR ‘risk recidivism’
OR ‘risk, recurrence’ OR ‘postoperative
complication’/exp OR  ‘complication,
postoperative’ OR ‘complication, surgi-
cal” OR ‘post-operative complication’
OR ‘post-operative complications’ OR
‘postoperative complication’ OR ‘post-
operative complications’ OR ‘postsurgical
complication” OR ‘surgical complication’
OR ‘peroperative complication’/exp OR
‘complication, peroperative’ OR ‘intra-
operative complication’” OR ‘intra-opera-
tive complications’ OR ‘intraoperative
complication’ OR ‘intraoperative compli-
cations’ OR ‘per-operative complication’
OR ‘per-operative complications’
OR ‘peri-operative complication” OR
‘peri-operative complications’ OR ‘per-
operative complication” OR ‘peroperative
complications’ OR ‘peroperative compli-
cation OR ‘peroperative complica-
tions’)].

The Cochrane Library search strategy
was based on MeSH terms: [(‘‘Dentofa-
cial Deformities’> OR ‘‘Orthognathic
Surgery’’) AND (‘‘Maxillary Osteot-
omy’’ OR ‘‘Osteotomy, Le Fort’’) AND
(““‘Recurrence’’ OR ‘‘Intraoperative Com-
plications’> OR ‘‘Postoperative Compli-
cations’”)].

Grey literature

This search strategy was designed to re-
trieve studies published in journals not
indexed by the major databases or identi-
fied with key words not included in MeSH
or in the Emtree thesaurus. For this pur-
pose, the Google Scholar database was
searched using two queries: (1) Systematic
1, using MeSH terms as for the Cochrane
Library Search; (2) Systematic 2, using the



PICO strategy key words: [(‘‘Dentofacial
Deformities’> OR  “‘Orthognathic Sur-
gery’’) AND (‘“‘Segmental Le Fort I
Osteotomy”” OR “‘Segmented Le Fort |
Osteotomy’’) AND (*‘Stability’” OR “‘In-
traoperative Complications’> OR ‘‘Post-
operative Complications’’)].

Manual search

The reference lists of all articles retrieved
through the main search and grey litera-
ture strategy were hand-searched for addi-
tional relevant papers.

Study selection

The systematic database searches were
performed by one author (OLHJ), while
studies were selected independently by
two authors (OLHJ and APSG). After an
analysis of titles and abstracts, studies
were assessed against the study eligibility
criteria and those that fulfilled these were
selected for full-text reading. The inclu-
sion criteria were: (1) intervention study;
(2) includes analysis of stability and/or
complications after maxillary osteotomy.
The exclusion criteria were: (1) case re-
port; (2) review of the literature; (3) pa-
tient sample integrated completely with
patients with cleft lip and palate or other
craniofacial syndromes.

Studies that did not meet all of these
prerequisites were excluded. In the case of
disagreement between the authors, the
study was selected for full-text reading.
The eligibility of the selected articles was
then assessed.

The kappa statistic (K) was used to
evaluate the level of agreement between
OLHJ and APSG.

Study eligibility

The same two authors assessed the select-
ed studies for eligibility independently. To
facilitate and maintain consistency in the
analysis of articles after full-text reading, a
standardized form was created and used to
check studies against the following inclu-
sion criteria: (1) the research topic is
segmental maxillary osteotomy; (2) the
article reports data on stability and/or
complications after maxillary osteotomy;
(3) the article reports data on the segmen-
tal Le Fort I osteotomy, not only anterior
or posterior segmental osteotomy of the
maxilla; (4) the article reports an original
study.

At this stage, any disagreement between
the two independent investigators regard-
ing the eligibility of the study was dis-
cussed with a third author (RGM).

Studies that did not meet the eligibility
criteria were excluded from further analy-
sis and the reason for exclusion was
recorded.

The kappa statistic (K) was used to
evaluate the level of agreement between
authors.

Data extraction

The same two authors (OLHJ and APSG)
independently extracted demographic da-
ta, methodological data, and data on sta-
bility outcomes and/or complications for
analysis. In the event of disagreement, the
article was discussed with a third author
(RGM); if doubts persisted, the corre-
sponding author of the study in question
was contacted via e-mail.

Analysis of surgical stability

The stability of the surgical procedure was
assessed using the mean and standard
deviation (SD) of dental and/or skeletal
recurrence in the anterior and posterior
segments of the maxilla, between the im-
mediate postoperative period (mean sur-
gical changes — T1) and the moment of the
last follow-up (mean stability changes —
T2). Results were expressed in millimetres
(mm). Surgical movement in the sagittal,
vertical, and transverse planes was taken
into account.

Analysis of surgical complications

The following complications were
assessed: intraoperative bleeding, postop-
erative bleeding, blood transfusion, seg-
mental necrosis, tooth damage,
periodontal damage, soft tissue damage,
nerve damage, oral fistula, bad split, in-
fection, non-union, and relapse. The prev-
alence of each complication was assessed
in relation to the sample reported by the
authors.

Analysis of methodological quality

The assessment of methodological quality
was performed using the same risk of bias
scale for small intervention studies
employed in a previous study by Haas Jr
et al."’. The criteria take into account
sample selection, comparison of interven-
tion effects, blinding of outcome asses-
sors, validation of measures, statistical
analysis, definition of inclusion and exclu-
sion criteria, and postoperative follow-up.

Studies were classified as having a low
risk of bias if all items were present, as
having a medium risk of bias if one or two
items were missing, and as having a high
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risk of bias if three or more items were
missing.

Results

A flowchart of this systematic review,
describing the steps from the search strat-
egy to final article inclusion, is provided in
Fig. 1.

Search strategy

Main search

The search of the major databases was
performed on August 5, 2016. A total of
599 articles were retrieved (PubMed,
n=366; Embase, n =220, Cochrane Li-
brary, n = 13). After eliminating duplicate
records, 351 articles remained for the
study selection stage.

Grey literature

The Google Scholar database was
searched on August 15, 2016. Systematic
1 yielded 12 potentially eligible studies,
while Systematic 2 retrieved seven
records. These articles were selected for
full-text reading and assessment of eligi-
bility.

Manual search

After the selection of eligible papers iden-
tified by the main search and grey litera-
ture search, a manual search of the
reference lists of these studies was con-
ducted. This search yielded five additional
articles that were ultimately included in
the systematic review'* 2.

Study selection

The titles and abstracts of the 351 articles
retrieved by the main search were read
independently by the two investigators
(OLHJ and APSG). Of these studies, 90
were selected. The inter-rater agreement
coefficient was K =0.893 (95% confi-
dence interval 0.789-0.997).

Study eligibility

The same two authors independently eval-
uated the full texts of 109 articles (90
selected from the main search strategy
and 19 from the grey literature). Of these,
12 studies identified by the major database
search” %% 2 and six studies identified
in the Google Scholar search®’>? met the
criteria for inclusion in the systematic
review.
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PubMed Embase Cochrane
N=366 N=220 N=13
Elimination of duplicate studies
N=351
Selection of studies (k=0.893)
Gray Literature
Systematic 1| | Systematic 2 N=90
N=12 N=7
EEgibility of studies (k=0.853)
=2 N= N=12
=18
Manual Search
N=5
Final inclusion of studies
N=23
Stability Complication
N=14 N=9

Fig. 1. Flow chart of the systematic review.

The remaining 91 articles (78 from the
main search and 13 from the grey litera-
ture search) were excluded for the follow-
ing reasons: 57 studies did not report their
samples for segmental maxillary
osteotomy'** %, 23 studies did not report
an analysis of stability and/or complica-
tions  after  segmental  maxillary
osteotomy‘)‘”)‘g‘) 199 "and 11 studies ana-
lyzed only anterior or posterior segmental
maxillary osteotomy, without Le Fort I
osteotomy''*7'%°. As all retrieved studies

were original, none was excluded on the
basis of this criterion.

The level of inter-rater agreement was
K=0.853 (95% confidence interval
0.661-1).

Data extraction

After the study inclusion process, 23 arti-
cles were selected for data extraction and
synthesis: 12 studies identified by the main
search” %1972 six studies from the grey

. 27-32
literature®’

manual searc

, and five studies through the
pl4-18

Demographic data

Data refer to Table 1. The primary studies
were essentially retrospective (only three
used a prospective design'>>**?) and were
published in the last 25 years (1991—
2016). During this period, Kretschmer
et al. published two retrospective studies
with surgical stability as an outcome



Table 1. Demographic data for the studies included.

Age (years) Segmental maxillary Mono or
Author, year, and Type of Mean + SD osteotomy, number bimaxillary Non-rigid or Bone Stability and/or
country of origin study Sample® (range) Sex of segments surgeryb rigid fixation® graft complication analysis
Phillips et al., 1992"° Clinical trial ~ N(n) =39 26 £9 (14-56) M (11) Two (26) NA NA NA Stability: transverse
USA Prospective F (28) Three (13)
Chow et al., 1995% Case series N(n)=18 24+£5 M (10) Two (6) M (0)/B (18) N (0)/R (18) 0 Stability: vertical and
Hong Kong Retrospective F (8) Four (12) sagittal
Hoppenreijs et al., 1997'° Clinical trial ~ N=267 23.6 (14.3-45.5) M (57) Multiple (92) M (67)/B (25) N (65)/R (27) NA Stability: vertical and
Netherlands Retrospective  n =92 Total sample F (210) sagittal
Multicentre Total
) sample
Perez et al., 1997%° Clinical trial ~N=28 NA M (11) Multiple (18) M (9)/B (19) N (0)/R (28) 16 Stability: vertical
USA Retrospective  n =18 F (17) Total sample
Hoppenreijs et al., 1998'% Clinical trial ~N=130 23 (14-45) M (28) Two (23) M (14)/B (9) N (17)/R (6) 16 Stability: transverse
Netherlands Retrospective n =53 Total sample F (102)  Three (17) M (16)/B (1) N (12)/R (5)
Multicentre Four (13) M (11)/B (2) N (8)/R (5)
Arpornmaeklong et al., 2003"7 Clinical trial N=26 22.3 (13-38) M (8) Multiple (15) NA N (0)/R (15) 15 Stability: vertical and
Australia Retrospective  n=15 Total sample F (18) sagittal
Marchetti et al., 2009* Clinical trial ~N=20 27.7 years M (3) Two (10) M (0)/B (10) N (0)/R (10) NA Stability: transverse
Italy Retrospective  n =10 F (7)
Kretschmer et al., 2010*° Clinical trial ~N=120 27.1+£9 (16-61) M (30) Three (60) M (0)/B (60) N (0)/R (60) 28 Stability: vertical and
Germany Retrospective  n =60 F (30) sagittal
Kretschmer et al., 2011'%¢ Clinical trial ~ N(n)=87 24.6 +9' M (33)  Three' (28) M (0)/B (87) N (0)/R (87) 9! Stability: transverse
Germany Retrospective 2344 6° F (54) Three” (30) 0’
271+ 9° Three® (29) 0’
Moure et al., 2012%* Case series N=30 20.4 (16-34) M (17) Two (3) M (0)/B (3) N (0)/R (3) NA Stability: vertical and
France Retrospective n=16 Total sample F (13) Three (3) M (0)/B (3) N (0)/R (3) sagittal
Silva et al., 2013° Case series N(n)=33 23 years M (11) Two (1) M (0)/B (33) N (0)/R (33) NA Stability: vertical and
Sweden Retrospective F (22) Three (5) sagittal
Four (17)
Five (2)
Six (8)
Blehr et al., 201477 Clinical trial ~ N(n) =29 0OS: M (16) Three (29) 0OS: N (0)/R (29) NA Stability: vertical and
Denmark Retrospective 19.5 (15-26) F (13) M (1)/B (14) sagittal
WOS: WOS:
25.4 (15-48) M (2)/B (12)
Brandtner et al., 2015%® Case series N(n)=47 NA M (35) Two (47) NA N (0)/R (47) NA Stability: transverse,
Austria Retrospective F (12) vertical and sagittal
Yao et al., 2015%* Clinical trial N=13 284 (17.1-453) M (5) Two (NA) NA N (0)/R (9) NA Stability: transverse
USA Prospective n=9 F 4) Three (NA)
de Mol van Otterloo et al., 1991°'  Case series N=410 NA NA Two (45) NA NA NA Complications: intra
Netherlands Retrospective  n =54 Three (8) and postoperative
Four (1)
Wolford et al., 2002'* Clinical trial ~ N(n)=311 28.5 (12-62) M (87) Three (311) NA NA 311 Complications:
USA Retrospective F (224) postoperative
Kahnberg et al., 2005°° Case series N(n) =282 245+7 M (43) Two (10) M (36)/B (46) NA 3 Complications:
Sweden Retrospective F (39) Three (33) 7 postoperative
Four (24) 8
Five (3) 2
Six (10) 1
Seven (2) 1

G.01



Table 1 (Continued)

Age (years) Segmental maxillary Mono or

Author, year, and Type of Mean + SD osteotomy, number bimaxillary Non-rigid or Bone Stability and/or
country of origin study Sample® (range) Sex of segments surgery” rigid fixation® graft complication analysis
Chow et al., 2007’ Case series N=1294  24.1 (16-54) M (492) Two (210) NA NA NA Complications:
Hong Kong Retrospective  n =760 Total sample F (802)  Three (34) postoperative

Four (516)
Landes et al., 2008 Clinical trial ~N=136 (16-46) M (76) Two (33) M (25)/B (8) N (0)/R (33) NA Complications:
Germany Prospective/ n=>51 Total sample F (60) Three (18) M (6)/B (12) N (0)/R (18) intraoperative

retrospective

Kretschmer et al., 2010> Case series N(n)=225 26 (16-54) M (91) Two (59) M (0)/B (225) N (0)/R (225) 49 Complications: intra
Germany Retrospective F (134)  Three (163) and postoperative

Four (2)

Five (1)
Ho et al., 20117 Case series N(n) =85 23.3 (13.9-50.7) M (28) Two (13) M (16)/B (69) N (0)/R (85) 21 Complications: intra
UK Retrospective F (57) Three (70) and postoperative

Four (2)
Robl et al., 2014°° Case series ~ N=1000 NA NA NA NA NA NA Complications: intra
USA Retrospective  n =342 and postoperative
Posnick et al., 20167 Clinical trial ~N=262 25 (13-63) M (128) Two (78) M (0)/B (262) N (44)/R (218) 44 Complications: intra
USA Retrospective n =168 Total sample F (134)  Three (90) Total sample Total sample Total and postoperative

sample

F, female; M, male; NA, no data provided by the authors; OS, occlusal splint kept in the postoperative period; WOS, occlusal splint removed in the postoperative period.

#Total sample (N), segmental Le Fort I osteotomy sample (7).

® Monomaxillary surgical procedure (M), bimaxillary surgical procedure (B).
°Non-rigid fixation (N), rigid fixation (R).
41 = unilateral palatal osteotomy with or without bone graft; 2 = bilateral palatal osteotomy; 3 = unilateral palatal osteotomy with resorbable plate stabilization.
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Table 2. Analysis of the studies reporting stability as the outcome.”

Segmented Le
Fort I osteotomy,

Sagittal

Mean (SD), mm

Vertical
Mean (SD), mm

Transverse
Mean (SD), mm

Anterior maxilla

Posterior maxilla

Anterior maxilla

Posterior maxilla

Anterior maxilla

Posterior maxilla

Method of  Follow-up number of
Author and year analysis  (months) segments T1 T2 T1 T2 T1 T2 Tl T2 T1 T2 Tl T2
Phillips et al., 1992'° Dental casts 7.5 Two NA NA NA NA NA NA NA NA D: 1.8 (14) -02(1.5) 57@3.0) -27(14)
Three NA NA NA NA NA NA NA NA D: 0.2 (09) 0.1(1.2) 52@3.1) -23(1)5)
Hoppenreijs et al., 1998'% Dental casts 69 Two NA NA NA NA NA NA NA NA D:22(1.6) —09(1.1) 2.9 (2.5) —2.1(1.8)
Three NA NA NA NA NA NA NA NA D: 1.3 (1.7) —03(0.6) —1.2(3.0)0 —0.4 (0.7)
Four NA NA NA NA NA NA NA NA D: 1.6 (1.1) —0.4(0.4) 0.0(2.0) —0.8(1.2)
Marchetti et al., 2009* Dental casts 24 Two NA NA NA NA NA NA NA NA D:2.5(1.9) —0.4 (04) 4.1(0.6) —1.1(2.0)
NA NA NA NA NA NA NA NA
Kretschmer et al., 2011'*" Dental casts 12-15 Three' NA NA NA NA NA NA NA NA D: 1.1 (1.5) =09 (1.3) 1.7(1.6) —1.4(1.4)
PA CR NA NA NA NA NA NA NA NA S: NA NA 2.1(13) =02 (0.6)
Three? NA NA NA NA NA NA NA NA D: 1.3 (1.1) —0.6(1.5) 22(1.6) —13(2.1)
NA NA NA NA NA NA NA NA S: NA NA 2.1(15) —04(1.0)
Three® NA NA NA NA NA NA NA NA D: 1.0 (1.2) —-09(1.2) 2.1(1.8) —1.0(1.7)
NA NA NA NA NA NA NA NA S: NA NA 22(14)  —0.0(0.5)
Yao et al., 2015* CBCT 8.1 Two or three NA NA NA NA NA NA NA NA D: 1.0 (0.7) —0.4 (0.2) 2.2(0.9) —0.8 (0.4)
NA NA NA NA NA NA NA NA S:1.9(0.9) —-05(0.5 34(1.2) -09(04)
Brandtner et al., 2015%° Dental casts 106 Two D: 13 —-1.3 NA NA D: —-1.1 0.2 NA NA D: 0.3 -0.4 2.7 —14
CR
Chow et al., 1995* CR 12 Two or four D: 0.5(3.1) 20(1.3) 2424 15(.3) D:5422) —15(1.6) —03(29) 0.1(1.3) NA NA NA NA
S: 2.6 (2.4) 0.1(1.3) 4127 -032.0) S:2.6(2.1 -09 (1.6) —04(2.1) 03(1.1) NA NA NA NA
Hoppenreijs et al., 1997'° CR 69 Multiple D: =33 (47) 1.0(42) NA NA D: 0.1 29) 03(0.1) —29(2.0) 05(1.00 NA NA NA NA
S: NA NA NA NA S: NA NA NA NA NA NA NA NA
Arpornmaeklong et al., 2003'7 CR 25.7 Multiple D:43(2.1) -03(1.0) NA NA D: —0.6 (2.8) 0.6 (1.0) NA NA NA NA NA NA
S:4.5(1.2) —-0.5(1.1) 42 (1.4) —-0.5(1.0) S:0.1 (3.1) 08 (1.7) —04(22) 07(1.7) NA NA NA NA
Perez et al., 1997%° CR >6 Multiple NA NA NA NA D: NA NA NA NA NA NA NA NA
S: 4.2 (1.6) —-1.1(1.1) 28@3.3) —2.1(3.1) NA NA NA NA
Kretschmer et al., 2010*° CR 12-15 Three D:26(24 -02(1.2) 22(26) 04(1.1) D:05@3.5 01(1.2) —-14@3.2) 02(1.2) NA NA NA NA
S: 4534 —-0.2(0.9) NA NA S: 0.7 (3.8) —-02(14) —-24(3.6) 0.1(1.3) NA NA NA NA
Moure et al., 2012%* CR 29 Two or three D: NA NA NA NA D: NA NA NA NA NA NA NA NA
S: 3.7 -1.0 2.0 —0.7 S: 0.2 —0.8 —0.3 —0.7 NA NA NA NA
Silva et al., 2013° Dental casts >30 Two D: 13 —0.3 NA NA D: 7.0 -0.9 NA NA NA NA NA NA
Clinical Three S: NA NA NA NA S: NA NA NA NA NA NA NA NA
Four
Five
Six
Blzhr et al., 2014°7 CR 2 Three (OS) D: NA —-0.9 (1.0) NA NA D: NA —0.6 (0.8) NA NA NA NA NA NA
S: NA NA NA NA S: NA NA NA NA NA NA NA NA
Three (WOS) D: NA 0.1(1.8) NA NA D: NA —0.1 (1.4) NA NA NA NA NA NA
NA NA
S: NA NA NA NA S: NA NA NA NA NA NA NA NA

CBCT, cone beam computed tomography; CR, cephalometric radiographs; D, stability analysis by dental measurement; NA, data not provided by the authors; OS, occlusal splint kept in the

postoperative period; PA, postero-anterior; S, stability analysis by skeletal measurement; SD, standard deviation, WOS, occlusal splint removed in the postoperative period.

#T1 = mean surgical changes; T2 = mean stability changes. Sagittal: (—) retrusion/(no sign) protrusion. Vertical: (—) intrusion/(no sign) extrusion. Transverse: (—) constriction/(no sign) expansion.

° 1 = unilateral palatal osteotomy with or without bone graft; 2 = bilateral palatal osteotomy; 3 = unilateral palatal osteotomy with resorbable plate stabilization.
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9 .
measure' " and one retrospective study

with complications as an outcome mea-
sure””.

Data extraction revealed that the studies
included a total of 2594 patients who
underwent the surgical correction of a
dentofacial deformity of the maxilla
through segmental Le Fort I osteotomy.
Most of these patients were female, and
their mean age ranged from 19.5 years®’ to
28.5 years'*. In 80.6% of cases (n = 2092),
the maxilla was osteotomized in up to four
segments® 8141518242732 Bone orafy.
ing was reportedly performed in 487
patients'*!722233% " Most orthognathic
surgeries were bimaxillary” %%~
2224252730 and employed rigid internal
fixation2 4819-25.27.28.3%

Fourteen studies reported analyses
of surgical stability ’ ,
while nine reported surgical complica-
tions™ 421723202931 N study evaluated
these two outcomes concomitantly.

Analysis of stability

Data refer to Table 2. A total of 516
patients who underwent segmental Le Fort
I osteotomy (19.9% of the overall sample
included in the systematic review) in 14
studies > 15-20:24.25.28.29.30 were
assessed for postoperative stability, with
a length of follow-up ranging from 2

months?’ to 106 months?®.

Transverse stability

Overall, 245 patients in six studies were
assessed for stability in the transverse
plane after surgery®'>'®192832  The
methods used for analysis were plaster

models in three studies™'>'®, cephalomet-

ric radiographs and plaster models in
two'??%, and cone beam computed tomog-
raphy (CBCT) in one™.

In patients undergoing two-segment
osteotomy, anterior expansion of the max-
illa (measured by dental changes) ranged
from 1.8+ 1.4mm' to 2.5+ 1.9 mm*
(T1), whereas recurrence during the
follow-up period (T2) ranged from
—02 4+ 1.5mm"” to —0.9+1.1mm'"
In patients undergoing three-segment
osteotomy, expansion ranged from
02409mm" to 1.3+ 1.7mm'® (T1),
while movement at follow-up (T2)
ranged from 0.1 £12mm"” to
—0.9 + 1.3 mm"’,

In patients undergoing two-segment
osteotomy, the dental change due to pos-
terior expansion ranged from 2.7 mm*® to
5.7+ 3.0mm'" (T1), while recurrence
(T2) ranged from —1.1+2.0 mm* to
—2.7 + 1.4 mm". In patients who under-
went three-segment osteotomy, posterior
expansion ranged from —1.2 + 3.0 mm'®
to 5.2+ 3.1 mm'> (T1), and recurrence
(T2) ranged from —0.4 £+ 0.7 mm'® to
—23+1.5mm'. The skeletal change
in the posterior region in patients under-
going three-segment osteotomy was
assessed in a single study, which reported
surgical changes of 2.1 + 1.5 to 2.2 +
1.4 mm (T1) and recurrence (T2) ranging
from —0.4 + 1.0 mm to —0.2 = 0.6 mm"”
(Fig. 2).

Analysis of maxillary expansion in
patients undergoing four-segment osteot-
omy revealed a posterior dental change

of —0.8+1.2mm, which exceeded
the expected surgical movement of
0.0 £2.00 mm'®.

Dental recurrence
Skeletal recurrence

Posterior Maxilla

Sagittal
Dental recurrence

Skeletal recurrence  -0.7mm (0 -0.3£2.0mm

0.4x1.1mm to 1.5£1.3mm

Vertical
0.241.2mm t0 0.5£1.0mm
-2.1:3.1mm to 0.3+1.1mm

Fig. 3. Sagittal and vertical stability in segmental Le Fort I osteotomy.

-1.3mmto 2.0£1.3mm
-1.0mm to 0.121.3mm

Sagittal and vertical stability

Nine studies (n =318) analyzed surgical
stability in the vertical plane as an out-
come measure>$ 6172024252728 ©
eight (n=300) assessed stability in the
sagittal  plane>®!16:17:2024.27.28 © Qeven
studies used lateral cephalograms for anal-
ysis of these outcomes®'*!7-202423-27 one
used both plaster models and cephalo-
gramszx, and one used clinical examina-
tion and plaster models®.

Dental stability in the sagittal plane
varied widely in the incisors (T1:
—334+47mm'® (retrusion) to 4.3+
2.1mm'” (protrusion); T2: —1.3 mm?®
(retrusion) to 2.0 mm £ 1.3% (protrusion))
and little in the molars (T1: 2.2 +
2.6 mm?° (protrusion) to 2.4 + 2.4 mm®
(protrusion); T2: 0.4 + 1.1 mm?° (protru-
sion) to 1.5 & 1.3 mm® (protrusion)).

Regarding skeletal stability, results
tended towards greater surgical movement
(T1) (anterior segment: 2.6 + 2.4 mm® to
45+34mm>;  posterior segment:
2.0mm** to 4.2 + 1.4 mm'”) and less re-
currence (T2) (anterior segment: —1 0% to
0.14+13 mm® posterior segment:
—0.7 mm>* to —0.3 + 2.0 mm®) than in
the assessment of dental stability.

In the vertical plane, the anterior seg-
ment was most commonly extruded,
and the trend towards recurrence was
equivalent to the magnitude of surgical
movement, regardless of whether the
analysis was dental (T1: 5.4 + 2.2 mm;
T2: —1.5+1.6mm®) or skeletal (TI:
42+ 1.6 mm; T2: —1.14+1.1mm*).
Regarding the posterior segment, only
one study reported surgical extrusion
(2.8 = 3.3 mm)*’; despite bone grafting,

Sagittal Vertical
-1.5£1.6mm 10 0.6:1.0mm
-1.1£1.1mm to 0.821.7mm

Anterior Maxilla




Dental recurrence
-0.2¢1.5mmt0 -0.941.1mm
Anterlor Maxilla

Skeletal recurrence
-0.5£0.5mm’

Dental recurrence
0.121.2mm 0 -0.941.3mm
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Skeletal recurrence
-0.5£0.5mm’
Anterlor Maxilla

Posterior Maxilla
Dental recurrence
-1.122mm o -2.7¢1.4mm

Skeletal recurrence
-0.9£0.4mm’

Dontal recurronce
+0.420.7mm t0 -2.321.5mm

Posterior Maxilla
Skeletal recurrence
-0.920.4mm’ 10 -0.0£0.5mm

Fig. 2. Transverse stability in two- and three-piece segmental Le Fort I osteotomy. *Recurrence not distinguished for two- and three-piece

segmental Le Fort I osteotomy.

this was followed by severe recurrence
(—2.1 £ 3.1 mm), unlike in the majority
of studies®®!1%!72%2* in which surgical
intrusion was achieved and associated

with stability in the follow-up period
(Fig. 3).

Analysis of surgical complications

Data refer to Table 3. Surgical complica-
tions were assessed as outcomes in nine
studies, involving 2078 patients (80.1% of
the systematic review sample)™'*?!"
23:260.29531 " wwith follow-up ranging from
3 months® to 40.8 months'*. Of these
patients, 177 (8.5%) experienced a total
of 187 surgical complications. Overall, the
most prevalent was infection of an oper-
ated segment, accounting for 61 cases
(32.6%) from three studies'**"*’. How-
ever, oral fistula (36 cases (19.3%) in six

studies®'*2"22%31y ‘and damage to the
adjacent teeth (15 cases (8.0%) in five
studies®*"2%?%3") were the most com-

monly reported complications among the
articles included. No cases of postopera-
tive bleeding or nerve damage were
reported (Fig. 4).

Ho et al.”>' reported the highest preva-
lence of patients with complications
(27.1%, 23 patients in 85 interventions),
while Kretschmer et al.*? reported the
lowest rate (1.2%, five patients in 54
interventions).

Analysis of methodological quality

Data refer to Table 4. The risk of bias in
the included articles was classified as me-
dium for four studies'® '®* and high for
19 studies® #&1415:1921°32 " The articles

classified as having a medium risk of bias
reported surgical stability and did not
present sample randomization or blind
assessment as methodological criteria.

In fact, none of the included studies
reported blind assessment. The study by
Robl et al.* had the highest risk of bias —
all criteria for methodological quality
were ignored.

Discussion

The surgical correction of dentofacial de-
formities of the maxilla through segmental
Le Fort I osteotomy is opposed by some
clinical and academic communities on the
basis that it is assumed to provide unsatis-
factory postoperative stability™”* and to
carry a high risk of complications®’.
This systematic review of the literature,
using a search strategy that prioritized
sensitivity over specificity, was conducted
to debunk these myths with the highest
available level of evidence.

This was done for two reasons: first,
there is no standardized cataloguing of
articles on this topic in the major data-
bases, as neither ‘‘segmental Le Fort I
osteotomy’” nor ‘‘surgical stability’’ are
MeSH or Emtree terms, and the authors of
these studies use a wide range of key
words to describe them. Second; studies
reporting on outcomes of Le Fort I osteot-
omy may also include data analysis of a
segmental osteotomy subgroup. To miti-
gate these effects; the main search strategy
combined MeSH or Emtree thesaurus
terms such as ‘‘maxillary osteotomy’’;
“‘osteotomy; Le Fort I'’; and ‘‘recur-
rence’’; while the search of the grey lit-
erature was systematically divided into

two protocols: Systematic 1 and System-
atic 2. These measures were successful; as
demonstrated by the sensitivity of the
main search strategy and Systematic 1
search strategy; which covered not only
studies with segmental Le Fort I osteot-
omy as a primary outcome” *+*'"%2; but
also studies with segmental osteotomy
subgroups within larger samples®
262931 Conversely; the Systematic 2
search of the grey literature; based on
the PICO strategy; was more specific than
sensitive; retrieving only articles with seg-
mental Le Fort I osteotomy as a primary
outcome>-28:30:31

Of the 109 articles retrieved through
these search strategies and selected for
full-text reading, only 18 (12 identified
with the main search strategy” *%'92¢
and six from the grey literature®’ %) were
ultimately included in the review. As two
authors worked independently on study
selection and analysis of eligibility, unsat-
isfactory inter-rater agreement was a pos-
sibility. In this context, the use of
standardized inclusion and exclusion cri-
teria is extremely important. The criteria
led to an excellent level of agreement
according to the Landis and Koch classi-
fication'?! (k = 0.893 for study selection,
K =0.853 for eligibility) and ensured the
reproducibility of this systematic review.

Setting a sensitive search strategy, rig-
orous study selection and analysis of eli-
gibility, the outcome data could be
extracted from the 23 studies included
in the final sample for synthesis and
review” “%'* 32 Tt was found that several
academic institutions and research groups
have conducted intervention studies of
segmental Le Fort I osteotomy with sur-



Table 3. Analysis of the studies reporting surgical complications as the outcome.

Segmental Bleeding
osteotomy, -
Follow-up number Surgical Blood Segmental Tooth Periodontal ~ Soft tissue  Nerve Oral Bad Non-
Author and year (months)  of segments  change  Intra-op. Post-op. transfusion necrosis damage damage damage damage fistula split Infection union Relapse Total®
de Mol van Otterloo 12 Two NA 1 1 3 Nn)=5
et al., 1991°" Three (9.26%)
Four
Wolford 40.8 Three 8.2 mm 18 8 9° N(n) =35
et al., 2002" (5-14) (11.25%)
Kahnberg 30 Two NA 4 6 N(n) =10
et al., 2005°° Three (12.19%)
Four
Five
Six
Seven
Chow et al., 2007*  NA Two NA 2 47 N(n) =49
Three (6.45%)
Four
Landes et al., 2008> 3 Two NA 1 1 N(n)=2
Three (3.92%)
Kretschmer NA Two NA 4 (AP) Nn)=4
et al., 2010%% Three 0 (NAP) (1.78%)
Four
Five
Ho et al., 2011°' 324 Two NA 1 4 7 9 2 5 3 2 N=23
Three (27.05%)
Four n=33
Robl et al., 2014%° NA NA NA 3 3 12 Nn)=18
(5.26%)
Posnick et al., >12 Two NA 0 6 1 8 N(n) =31
20167 Three 3 5 1 7 (18.45%)
Systematic review 3-40.8 Two to five n=2 0% n=4 n=4 n=15 n=24 n=19 0% n=36 n=2 n=061 n=3 n=17 N=177
(1.07%) (2.14%) (2.14%) (8.02%)  (12.83%) (10.16%) (19.25%)  (1.07%)  (32.62%) (1.60%) (9.09%) (8.52%)
n=187

AP, segmental maxillary osteotomy with additional procedures; NA, data not provided by authors; NAP, segmental maxillary osteotomy without additional procedures.
#Number of patients with complications (N), number of complications (n).
® Infection only in the cases with graft.
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N=187
surgical complications

Higher prevalence B

Infection (32.62%)

Oral fistula (19.25%)

Periodontal damage (12.83%)
Soft-tissue damage (10.16%)

Relapse (9.09%)
Tooth damage (8.02%)

N=9
studies Induded

1081

Most reported

Oral fistula (6)

Tooth damage (5)

Periodontal damage (3)
Infection (3)

Relapse (2)

Segmental necrosis (2)
Soft-tissue damage (2)
Intraoperative bledding (2)

Blood transfusion (2.14%)
Segmental necrosis (2.14%)
Nonunion (1.60%)
Intraoperative bleeding (1.07%)
Bad split (1.07%)

Bad split (1)
Nonunion (1)

Postopersative bleeding (0%)
Nerve damage (0%)

Lower prevalence

Blood transfusion (1)

Postopersative bleeding (0)
Nerve damage (0)

Least reported

Fig. 4. (A) Prevalence of the surgical complications reported in the systematic review (n = 187 surgical complications). (B) The complications
most often reported: number of studies out of the nine included that reported the surgical complications.

gical stability and complications as the
outcome measures over the last 25 years.
Of these, Kretschmer et al. and Hoppen-
reijs et al. appear to have devoted the most
time to demystifying this topic and have
produced the most relevant scientific evi-
dence, in controlled trials that accounted
for three'®'®2% of the four'®'"'#" studies
with a medium risk of bias.

After data extraction and analysis, the
selected studies that included an outcome
measure of stability were organized by
stratifying surgical movement outcomes
in the sagittal, vertical, and transverse
planes+8:15-20:2425.2829.30 " Taping  into
account that maxillary expansion is the

most unstable surgical procedure7’122, it

is believed that transverse stability out-
comes were the most relevant for this
systematic review™!>!8192832 " Through
analysis of these outcomes, it was possible
to infer that instability is greater in terms
of dental movement than in skeletal struc-
tures'**?, which implies that preoperative
and postoperative orthodontic treatment
may be the main determinant of recur-
rence after maxillary expansion; this is
compounded by the fact that the main
objective of such combined orthodontic-
surgical treatment is to correct crossbite.
One of the main reasons for this greater
dental instability is demonstrated in the

study by Brandtner et al.”®, who showed,

over a follow-up period of 8 to 10 years,
that the area of greatest preoperative or-
thodontic expansion is also the region of
greatest recurrence after removal of the
orthodontic appliance.

Some surgical techniques may be able
to improve orthodontic stability in the
transverse plane. The results of the six
included studies that evaluated this out-
come suggest that the two-segment osteot-
omy provides greater dental stability in the
anterior region of the maxilla than three-
segment surgery and that both techniques
are associated with a similar pattern of
recurrence in the posterior region, with the



Table 4. Quality assessment of included studies.

Defined Report of
Randomization or Comparison inclusion and follow-up
consecutive patients between Blind Validation of Statistical exclusion (at least Risk of
Study in a prospective study treatments® assessment measurements analysis criteria 12 months) bias®
Stability
Hoppenreijs et al., 1997'° No Yes® No Yes Yes Yes Yes Medium
Hoppenreijs et al., 1998 No Yes® No Yes Yes Yes Yes Medium
Arpornmaeklong et al., 2003"” No Yes® No Yes Yes Yes Yes Medium
Kretschmer et al., 2010%° No Yes® No Yes Yes Yes Yes Medium
Phillips et al., 1992 No No” No Yes Yes Yes No High
msLeF vs. msLeF
Chow et al., 1995° No No No Yes Yes Yes Yes High
Perez et al., 1997°° No Yes* No Yes Yes Yes No High
Marchetti et al., 2009* No No® No Yes Yes Yes Yes High
SARPE vs. msLeF
Kretschmer et al., 2011'*¢ No No® No Yes Yes Yes Yes High
msLeF vs. msLeF
Moure et al., 2012** No No No No Yes No Yes High
Silva et al., 2013° No No No No Yes Yes Yes High
Bleehr et al., 201477 No No® No Yes Yes Yes No High
OS vs. WOS
Brandtner et al., 2015%° No No No No Yes Yes Yes High
Yao et al., 2015°* Yes No® No No Yes Yes No High
SARPE vs. msLeF
Complications
de Mol van Otterloo et al., 1991°" No No No No No Yes Yes High
Wolford et al., 2002'* No No” No No No Yes Yes High
msLeF vs. msLeF
Kahnberg et al., 2005° No No No No No Yes Yes High
Chow et al., 2007%° No No No No Yes Yes No High
Landes et al., 2008 Yes No” No No Yes Yes No High
saw Vs. piezo
Kretschmer et al., 2010 No No No No Yes Yes No High
Ho et al., 20117 No No No No No No Yes High
Robl et al., 2014%° No No No No No No No High
Posnick et al., 2016 No Yes® No No Yes Yes Yes High

msLeF, multi-segmental Le Fort I osteotomy; OS, occlusal splint kept in the postoperative period; SARPE, surgically assisted rapid palatal expansion; WOS, occlusal splint removed in the

postoperative period.

# Comparison between different treatments modalities (control group vs. test group — controlled study).

® Comparison between different surgical techniques (test group vs. test group — comparative study).
“Risk of bias: high, 04 ‘yes’ responses; medium, 5-6 ‘yes’ responses; low, 7 ‘yes’ responses.
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two-segment technique providing the ad-
vantage of larger surgical movement
(5.7 mm", 4.1 mm®*)*!1>18192832 Apoth-
er important issue is the need for rigid
fixation, which appears to be the primary
determinant of skeletal stability'**?. This
is illustrated by the fact that the worst
recurrence outcomes, considering the ratio
of magnitude of surgical movement to
instability, were reported by Hoppenreijs
et al.'® in a study in which the majority of
cases were not treated with rigid fixation;
consequently, the sum of dental and skel-
etal instability probably increased the re-
currence rate.

The summary analysis of dental stability
outcomes in the sagittal plane was hin-
dered by orthodontic movement in the
follow-up period. However, there was a
trend towards clockwise rotation of the
anterior segment of the maxilla, and this
surgical movement remained extremely
stable from a skeletal standpoint™'’-*%2,
The pattern of surgical movement found in
these studies is typical of correction of
incisor proclination. Having determined
through this systematic review of the lit-
erature that this pattern provides skeletal
stability, it is believed that the segmental
Le Fort I osteotomy is the most indicated
surgical technique for the correction of
maxillary deformity when using the
‘surgery first’ protocol'>*'?°, especially
in patients with a class III malocclusion.

Vertical stability outcomes in the liter-
ature were consistent with less dental and
skeletal recurrence in the anterior segment
(when downward surgical movement was
achieved)**2%% than in the posterior seg-
ment, in which substantial skeletal recur-
rence occurred even when investigators
employed techniques designed to mini-
mize this phenomenon’'??, such as bone
grafting, rigid internal fixation, and
bimaxillary surgery>>. One possible expla-
nation, corroborated by clinical experi-
ence, is that anterior extrusion of the
maxilla rarely causes loss of bone contact
and that stabilization of grafted bone is
easier'>’. In addition, vertical movement
in this segment may be the result of clock-
wise rotation and not a linear displace-
ment, unlike in the posterior region, in
which there is less contact between seg-
ments due to the hollow structure and thin
bone walls of this area. Overall, the seg-
mental Le Fort I osteotomy was associated
with a vertical recurrence pattern similar
to that of the non-segmental proce-
dure'*?%% with surgical movement being
most unstable when downward displace-
ment was achieved”>>'%%,

Surgical complications were also
analyzed in this systematic review. Nine

studies that evaluated this outcome in a
sample of 2078 patients were
summarized>!+21723:262931  Qyerall, on-
ly 177 patients (8.5%) experienced some
form of complication. Given the retro-
spective design of the included studies,
this might be considered an underestima-
tion. However, it is believed that the prev-
alence of complications is actually
overestimated because of the convenience
sampling strategy, in which only studies
reporting surgical complications were in-
cluded. To estimate the actual rate of
complications, not only should the afore-
mentioned 2078 subjects be taken into
account, but also those in the stability
sample in whom complications were not
reported (= 516)°+8:15-20.24.25.2829.30
and the patients in the 23 studies in which
neither stability nor complications were
analyzed and which were therefore ex-
cluded from the review”'*%71%° Hence,
the risk of surgical complications after
segmental Le Fort I osteotomy is in fact
much lower than 8.5%.

Another finding that is likely to have
been overestimated is the prevalence of
postoperative infection (32.6%)'**"*’, as
the sample of Chow et al.*’ accounted for
47 of the 61 cases (77.0%) of infection
reported in all included studies. Although
this rate appears high, 47 infections in 760
patients represents a prevalence of 6.2%,
similar to that reported for sagittal split
ramus osteotomy in the same study”’.
Therefore, the segmental Le Fort I osteot-
omy should not be avoided for the mis-
guided belief that it is particularly prone to
infectious complications.

Despite the overall safety of this proce-
dure, segmentation of the maxilla evidently
makes complications more likely than in
simple Le Fort I osteotomy, although the
difference is not statistically significant on
direct comparison”. Circumstances such as
difficulty performing an osteotomy be-
tween the teeth and in areas adjacent to soft
tissues mean that the most common com-
plications of segmental maxillary osteot-
omy, such as oral fistula®'*?'?%2%3! and
dental injury”*"-*****! " do not occur with
non-segmental techniques. Operator expe-
rience and certain advanced technologies,
such as piezoelectric surgery, can reduce
the risk of complications by minimizing
soft tissue damage and enhancing the pre-
cision of the osteotomy, which limits the
risk of trauma to the adjacent structures and,
consequently, reduces blood loss™, as well
as facilitating bone healing compared to
traditional osteotomy with burs and
saws'?%,

The methodological quality of the arti-
cles included in this review was compared
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to a set of criteria used by the present
research group in a previous systematic
review'’. Using this standard, only
randomized clinical trials with outcome
assessor blinding could be classified as
having a low risk of bias. None of the
included studies used such a rigorous de-
sign. Only four articles were considered
to have a medium risk of bias'®™'®2%;
all included surgical stability as an
outcome measure, and none reported
sample randomization or blind assess-
ment. The included studies that had
surgical complications as an outcome

measure” 421232029731 were less
methodologically robust than those
that assessed surgical stability™*%'?

5 .
20.24.25.27.28.32. this was an expected find-

ing, as studies of prevalence often use a
retrospective, non-comparative design,
with no validation of analyses and no
sample follow-up. Thus, a meta-analysis
could not be performed, as the sample was
heterogeneous both clinically and method-
ologically (as no randomized controlled
trials were included). Nevertheless, this
systematic review was able to analyze
the outcomes reported in the 23 included
studies® *%!* 32 and provides improved
effect estimates for surgical stability and
complications of segmental Le Fort I
osteotomy.

The effect estimates found at the highest
level of evidence suggest that the segmen-
tal Le Fort I osteotomy provides extremely
stable outcomes in the sagittal plane, is
less stable from a dental standpoint than
skeletally in the transverse plane, and
provides little stability in the posterior
segment after downward movement. The
most common complications are oral fis-
tulae and damage to the adjacent teeth,
both of which can be minimized by
employing techniques such as piezoelec-
tric surgery. Therefore, according to the
results of this systematic review, this pro-
cedure should not be considered particu-
larly unsafe or unstable in the field of
orthognathic surgery, and it is particularly
indicated in patients requiring three-di-
mensional correction of maxillary defor-
mities, especially in ‘surgery first’'2*7'2¢
protocols in the context of anomalous
incisal projection and/or maxillary atresia.
Indeed, clockwise rotation of the anterior
segment of the maxilla used for the cor-
rection of incisal projection has been
proved to be stable. In addition, since
skeletal expansion is more stable than
dental expansion, it can be assumed that
proceeding with surgery without the
conventional dental decompensation of a
‘surgery late’'?*"'%® protocol is correct
from a technical standpoint.
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According to the studies reviewed here-
in, some measures can be taken to ensure
the intervention is as predictable as possi-
ble. At the orthodontic stage, dental ex-
pansion should be kept to a minimum, and
retention should be maintained after re-
moval of the orthodontic appliances. From
a surgical standpoint, the osteotomy
should be limited to two or three segments,
with additional segmentalization only in
extreme cases; inferior mobilization of the
posterior segment should be avoided
whenever possible, even when bone graft-
ing is performed; dental overcorrection
should be discouraged; rigid fixation is
mandatory; and piezoelectric technology
should be used if available.
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