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Abstract. The purpose was to perform an overview of systematic reviews in order to
create a hierarchical scale of stability in orthognathic surgery with the aid of the
highest level of scientific evidence. The systematic search was conducted in the
PubMed, Embase, and Cochrane Library databases. The grey literature was
investigated in Google Scholar and a manual search was done of the references lists
of included studies. Fifteen studies were included in the final sample, of which eight
were systematic reviews and seven were meta-analyses. These were assessed for
methodological quality using the AMSTAR 2 tool and all were considered to be of
medium to high methodological quality. The clinical studies included in the 15
reviews and meta-analyses were classified by the review authors as having a
moderate to high potential for risk of bias. The hierarchical pyramid of stability in
orthognathic surgery was established, with two surgical procedures considered
highly unstable: (1) maxillary expansion with semi-rigid internal fixation evaluated
at the dental level in the posterior region, and (2) clockwise rotation of the mandible
with rigid internal fixation of bicortical screws in the sagittal direction.
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Orthognathic surgery combined with or-
thodontic treatment is the most predictable
approach for the treatment of dentofacial
deformity and to achieve satisfactory out-
comes with long-term bone stability1,2.
However, masticatory muscle activity, de-
ficient preoperative and postoperative or-
thodontics, surgical complications,
inefficient fixation of bone segments,
and the extent of the surgical movement
can lead to bone instability and hence
treatment relapse3.
In recent years, this wide range of fac-

tors that may influence the stability of
orthognathic surgery has been investigat-
ed in a series of systematic reviews � each
with a specific objective for a particular
variable. These reviews summarized and
analyzed the methodology of the primary
studies, but the peculiarities of each sur-
ognathic surgery: overview of systematic
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gical intervention precluded a more edu-
cational and understandable analysis of
the multiple factors that lead to bone
instability4–8.
In the current literature, the most com-

prehensible description of stability in
orthognathic surgery in the general con-
text is provided in two articles reporting
clinical studies performed by Proffit et al.
(1996 and 2007)1,2. In these papers, the
authors report a hierarchical scale of this
outcome based on their clinical experience
in a sample compiled over the course of
more than 30 years. Although these are
considered landmark articles in the
orthognathic surgery literature, little sci-
entific evidence is provided, since no clear
methodological criteria or statistical anal-
ysis are present1,2. Despite this lack of
methodological rigor, these studies do
provide a valuable demonstration of the
experience of experts.
There is an unmet educational need to

evaluate stability in orthognathic surgery
according to the technique and surgical
movement(s), and to create an evidence-
based hierarchical scale of stability. In this
context, an overview of systematic
reviews could play an invaluable role in
summarizing results and organizing exist-
ing data, in addition to analyzing the risk
of bias of secondary studies that have
quantified surgical stability9.
The overviews of systematic reviews,

introduced by specialists in systematic
reviews, are the newest and highest level
of scientific evidence. The overview is con-
sidered a ‘friendly front-end’ study for de-
cision-making in health. The creation of an
‘overview of systematic reviews’ article-
type became necessary in response to the
appearance of several systematic reviews
published in a wide variety of indexed jour-
nals, and the main purpose is to facilitate the
subsequent complexity of the clinician’s
decision-making process based on such a
large number of studies. Thus, the objective
is to categorize and summarize secondary
studies responding to the sameclinicalques-
tion or that complement each other in out-
comes that may aid in decision-making9.
This overview of systematic reviews

was thus designed to evaluate the stability
of different techniques and surgical move-
ments used in orthognathic surgery and to
establish an evidence-based hierarchy of
stability for orthognathic procedures.

Methods

Three searches for systematic reviews
and/or meta-analyses were conducted:
the main search, which covered the
PubMed, Embase, and Cochrane Library
Please cite this article in press as: Haas OL
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databases; a search of the grey literature,
conducted through Google Scholar; and a
hand-search of the references of the arti-
cles retrieved by the two aforementioned
strategies. The search strategy was de-
vised in accordance with the PICOS pro-
cess: P (patient population): dentofacial
deformity; I (intervention): orthognathic
surgery; C (comparison): different types
of surgical procedures; O (outcome): sta-
bility; S (study design): systematic review
or meta-analysis. There were no restric-
tions on language or year of publication,
and Boolean operators (OR and AND)
were used to combine subject headings
related to dentofacial deformity, orthog-
nathic surgery, stability, and systematic
review and/or meta-analysis.

Search strategy

For the main search, the medical subject
heading (MeSH) terms (and their entry
terms) and non-MeSH terms used to
search PubMed were the following:
[(‘‘Dentofacial Deformities’’ [MeSH
term] OR (All ‘‘Dentofacial Deformities’’
entry terms) OR ‘‘Orthognathic Surgery’’
[MeSH term] OR (All ‘‘Orthognathic Sur-
gery’’ entry terms)) AND (‘‘Recurrence’’
[MeSH term] OR (All ‘‘Recurrence’’ en-
try terms) OR ‘‘Stability’’ OR ‘‘Surgical
Stability’’ OR ‘‘Instability’’ OR ‘‘Surgi-
cal Instability’’ OR ‘‘Surgically Stable’’
OR ‘‘Surgically Unstable’’) AND (‘‘Re-
view’’ [MeSH term] OR (All ‘‘Review’’
entry terms) OR ‘‘Meta-Analysis’’
[MeSH term])].
To search Embase, Emtree terms and

their synonyms were selected using the
‘PICO search’ tool. Some additional non-
Emtree terms were also included to yield
the following strategy: ‘‘stability’’, ‘‘sur-
gical stability’’, ‘‘instability’’, ‘‘surgical
instability’’, ‘‘surgically stable’’, and
‘‘surgically unstable’’. Thus, the system-
atic search was conducted as follows:
[(‘dentofacial deformity’/syn OR All syn-
onymous OR ‘orthognathic surgery’/syn
OR All synonymous) AND (‘relapse’/syn
OR All synonymous OR ‘recurrence risk’/
syn OR All synonymous OR ‘stability’/
syn OR ‘surgical stability’/syn OR
‘instability’/syn OR ‘surgical instabili-
ty’/syn OR ‘surgically stable’/syn OR
‘surgically unstable’/syn) AND
(‘systematic review’/syn OR All synony-
mous OR ‘meta analysis’/syn OR All syn-
onymous)].
The Cochrane Library search strategy

was based on the PubMed query, without
entry terms: [(‘‘Dentofacial Deformities’’
OR ‘‘Orthognathic Surgery’’) AND (‘‘Re-
currence’’ OR ‘‘Stability’’ OR ‘‘Surgical
, et al. Hierarchy of surgical stability in orth
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Stability’’ OR ‘‘Instability’’ OR ‘‘Surgi-
cal Instability’’ OR ‘‘Surgically Stable’’
OR ‘‘Surgically Unstable’’) AND (‘‘Re-
view’’ OR ‘‘Meta-Analysis’’)].
A search of the grey literature was also

performed. The so-called ‘grey literature’
search strategy was designed to increase
the scope of study retrieval, to include
articles published in non-indexed journals
or which, for any other reason, were not
retrieved by the main search strategy. The
following query was designed: (‘‘Dento-
facial Deformities’’ OR ‘‘Orthognathic
Surgery’’) AND (‘‘Recurrence’’ OR ‘‘Re-
lapse’’ OR ‘‘Stability’’ OR ‘‘Surgical
Stability’’) AND (‘‘Systematic Review’’
OR ‘‘Meta-Analysis’’).
In addition, a hand-search was con-

ducted. Once the main search and grey
literature searches were complete, a de-
tailed hand-search of the references of
articles retrieved by these strategies was
conducted to find studies not available
electronically.

Study selection

All three searches were performed by
one author (OLHJ), while study selec-
tion was conducted independently by
two authors (OLHJ and APSG). After
an analysis of titles and abstracts, studies
that met the following criteria were se-
lected for full-text reading: (1) is not a
narrative review of the literature; (2) is a
systematic review or meta-analysis on
the stability of surgical treatment for
dentofacial deformity.
Articles that were deemed not to meet

these prerequisites by the two authors
were excluded. When one or both of the
authors selected a study, the full text was
read. The eligibility of the selected articles
was then assessed. The kappa statistic (k)
was used to evaluate the level of agree-
ment between the two authors.

Study eligibility

To achieve consistency in the analysis of
articles after full-text reading by the two
independent authors, a standardized form
was created and used to check studies
against the following inclusion criteria:
(1) is not a systematic review or meta-
analysis with a sample consisting exclu-
sively of patients undergoing distraction
osteogenesis; (2) is not a systematic re-
view or meta-analysis with a sample con-
sisting exclusively of patients with cleft
lip and palate or other syndromes; (3)
reports a summary of the results of prima-
ry studies on stability in orthognathic sur-
gery without a temporomandibular joint
ognathic surgery: overview of systematic
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pathology, including magnitude of surgi-
cal movement (T1) and rate of relapse
during postoperative follow-up (T2); (4)
includes more than one primary study
reporting stability in orthognathic surgery
as an outcome; and (5) is an original study.
At this stage, in the case of disagree-

ment between the two independent inves-
tigators (OLHJ and APSG), the eligibility
of the study was discussed with the other
authors. Articles that did not meet the
eligibility criteria were excluded from fur-
ther analysis and the reason for exclusion
reported. Again, the kappa statistic (k)
was used to evaluate the level of agree-
ment between OLHJ and APSG.

Data extraction

The extraction of demographic and meth-
odological data, analysis of methodologi-
cal quality, and assessment of reported
surgical stability outcomes from the sys-
tematic reviews included in this overview
were performed by the same two indepen-
dent authors. In the event of disagreement,
the article was discussed with the other
authors; if doubts persisted, the primary
study to which the article in question
referred was retrieved for the analysis of
crude results or the corresponding author
of the article was contacted via e-mail.

Analysis of surgical stability

The stability of the surgical procedure was
evaluated by the percentage of dental and/
or skeletal relapse in the maxilla and
mandible, taking into account the mean
magnitude of surgical movement (T1) in
relation to the magnitude of relapse at last
sample follow-up (mean postoperative re-
lapse, T2). Results were expressed in
millimetres (mm), and surgical movement
in the sagittal, vertical, and transverse
planes was taken into account.
Crude data from the secondary studies

were converted to percentages according
to the magnitude of surgical movement
and magnitude of relapse during postop-
erative follow-up. The percentage relapse
was categorized according to susceptibili-
ty as ‘highly unstable’ (relapse between
75% and 100%), ‘unstable’ (relapse be-
tween 50% and 74.9%), ‘stable’ (relapse
between 25% and 49.9%), or ‘highly sta-
ble’ (relapse between 0% and 24.9%).

Analysis of methodological quality

The criteria used in the systematic reviews
or meta-analyses to assess the potential risk
of bias of clinical trials were evaluated.
Please cite this article in press as: Haas OL
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The AMSTAR 2 tool was used to as-
certain the potential for risk of bias in the
secondary studies included10. The analysis
of methodological quality was performed
on the basis of 16 evaluation criteria for
meta-analyses and 13 evaluation criteria
for systematic reviews. The 16 (or 13)
criteria for evaluation of the methodolog-
ical quality of the included secondary
studies were marked as follows: ‘yes’
(Y) when the criterion was included in
the study methodology; ‘no’ (N) when not
included in the study methodology;
‘partial yes’ (PY) when partially included
in the study methodology; or ‘no meta-
analysis conducted’ (NM) when the study
was only a systematic review and thus the
item was not applicable.
These criteria used to evaluate the po-

tential risk of bias are not intended to yield
a general score or quantify the results of
the studies, but rather seek to enable a
careful, individualized evaluation of each
study.

Results

Without restrictions on language or year of
publication and according to the protocols
described in the Methods section, the main
search was performed on July 1, 2018, the
grey literature search was performed on
July 8, 2018, and the hand-search of refer-
ences of the included articles was per-
formed on July 8, 2018. The protocol of
this overview of systematic reviews is
summarized in the flowchart in Fig. 1.

Search strategy

The main search retrieved 150 studies
from PubMed, 40 from Embase, and 14
from the Cochrane Library. After elimi-
nating duplicate records, 168 articles
remained for title and abstract screening.
With regard to the grey literature

search, a wide-ranging search of Google
Scholar for articles published in non-
indexed journals, designed to locate as
many studies as possible, retrieved 3980
items.
The hand-search of references of the

included articles did not yield any studies
deemed worthy of inclusion in the sample.

Study selection

Screening of titles and abstracts by the two
independent authors resulted in an excellent
level of agreement (k = 0.83, 95% confi-
dence interval 0.67 to 0.98) during study
selection. Overall, 35 articles from the main
searchand 11 fromthegrey literature search
were included. In the case of disagreement
, et al. Hierarchy of surgical stability in orth
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between the authors, the article was none-
theless selected for full-text reading.

Study eligibility

The same authors independently evaluated
the full texts of all articles selected in the
preceding stage. After this step, the final
sample included 15 articles: 13 retrieved
by the main search4,6–8,11–19 and two by
the grey literature search20,21. Agreement
between the two authors during the eligi-
bility assessment process was excellent
(k = 0.86, 95% confidence interval 0.57
to 1.00).
Thirty-one articles were excluded be-

cause they did not meet the predetermined
eligibility criteria. Of these, six evaluated
only stability in patients undergoing dis-
traction osteogenesis22–27, seven analyzed
stability in patients with cleft lip and
palate28–34, 15 did not report sufficient
data to quantify surgical stability35–49,
two included only one primary study5,50,
and one was not considered an original
study because it was an early version of a
Cochrane review51.

Data extraction

This study was designed as an ‘overview’
of secondary studies. Fifteen articles were
included: seven meta-analyses6,12,14,15,17–
19 and eight systematic
reviews4,7,8,11,13,16,20,21. All reported vari-
ous variables involved in the evaluation of
stability after orthognathic surgery. A total
of 148 studies reporting surgical stability
outcomes were included in the 15 review
articles, with the number of studies includ-
ed in each review article ranging from
two7 to 248; these were mostly uncon-
trolled and retrospective clinical trials.
There were only 11 randomized clinical
trials (RCTs) and one multicentre RCT
(Table 1).
Analysis of the patient profile in the

primary studies revealed a total of 6278
participants, aged 20–30 years, of whom
66% were female. They had different di-
agnoses of dentofacial deformity and were
evaluated for stability after orthognathic
surgery. In most studies, stability was
evaluated by superimposition of cephalo-
metric radiographs at a few weeks of
follow-up17 up to 15 years of follow-
up12 (Table 1).

Analysis of surgical stability

Sagittal stability

When performing anteroposterior move-
ments, i.e., setback or advancement, data
ognathic surgery: overview of systematic
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Fig. 1. Flowchart of the systematic review.
analyses for mandibular surgery
revealed similar and ‘highly stable’ out-
comes when performing bilateral sagittal
split ramus osteotomy (BSSO), regard-
less of the method used for rigid internal
fixation (RIF); the exceptions were man-
dibular setback with bioresorbable fixa-
tion, which was considered merely
‘stable’ (31%13, 37.2%19), and clock-
wise rotation of the maxillomandibular
complex with RIF by means of bicortical
screws, which was ‘highly unstable’ for
small surgical movements (>100%6). In
Please cite this article in press as: Haas OL

reviews, Int J Oral Maxillofac Surg (2019)
mandibular surgery, large surgical
movements are not less stable than small
surgical movements.
When the intraoral vertical ramus

osteotomy (IVRO) technique was used
for mandibular setback, the percentage
relapse was somewhat higher with the
conventional three-stage method (33.8%)
as compared to the surgery-first approach
(18.3%)18.
Stability was lower in the maxilla than

in the mandible, regardless of the RIF
method employed. When evaluating the
, et al. Hierarchy of surgical stability in orth

, https://doi.org/10.1016/j.ijom.2019.03.003
different types of surgical movement of
the maxilla, advancement seemed to be
the most stable. Data were consistent
with increased surgical relapse after
maxillary setback with titanium RIF
(55.7%19), and highly consistent with
instability when resorbable RIF was
used (44.56%19).
When the segmented Le Fort I tech-

nique was used for maxillary advancement
with titanium RIF, results were considered
‘highly stable’ (relapse range <0% to
18.06%4), and similar to those of maxil-
ognathic surgery: overview of systematic
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Table 1. Demographic and study characteristics of the included studies.

Author PICOa Sampleb
Type of primary

studyc
Total patients

(range)d Age (years) Sex
Dentofacial
deformity Method of analysis

Follow-up
(years)

Year
Country of origin
Study design

Greenlee et al.12 P: Anterior open bite N = 16 11 CS (NR) n = 466 21.4–25.8 M (132) AOB Superimposition of
cephalometric
radiographs (n = 7)

1–15
2011 I: Orthognathic surgery or

orthodontics
n = 11 (10–259) F (334)

USA/Taiwan C: NR
Meta-analysis O: Dental stability Plaster models and

clinical
measurements
(n = 1) NR (n = 3)

Al-Moraissi and
Ellis III14

P: Class III and asymmetries N = 13 3 RCT (3 P) n = 277 19.4–25 M (55) Class III and
asymmetries

Superimposition of
cephalometric
radiographs (n = 9)

0.5 to >1

2015 I: IVRO for mandibular
setback

n = 9 1 CCT (1 P) (11–46) F (176)

Yemen/USA C: BSSO for mandibular
setback

5 CT (5 R)

Meta-analysis O: Skeletal changes in the
postoperative period

Al-Moraissi and
Ellis III15

P: BSSO for mandibular
setback at 15–50 years

N = 7 1 RCT (1 P) n = 290 20.4–29 M (103) Class III and
asymmetries

NR 0.1 to >1

2016 I: RIF with bicortical screw
osteosynthesis

n = 7 4 CCT (4 P) F (120)

Yemen/USA C: RIF with plate
osteosynthesis

2 CT (2 R)

Meta-analysis O: Skeletal relapse in the
postoperative period

Al-Moraissi and Al-
Hendi17

P: BSSO for mandibular
advancement at 15–50 years

N = 5 2 RCT (2 P) n = 203 23–34.6 M (70) Mandibular
retrognathism
and asymmetries

Superimposition of
cephalometric
radiographs (n = 5)

0.02–1.5

2016 I: RIF with bicortical screw
osteosynthesis

n = 5 2 CCT (2 R) F (117)

Yemen C: RIF with plate
osteosynthesis

1 CT (R)

Meta-analysis O: Skeletal relapse in the
postoperative period

Al-Moraissi and
Wolford6

P: Dentofacial deformity
requiring counterclockwise
rotation of the MMC

N = 3 1 CCT (1 P) n = 155 20.6–44.6 M (42) All possible
diagnoses

Superimposition of
cephalometric
radiographs (n = 3)

1–1.75

2016 I: Counterclockwise
rotation of the MMC

n = 3 2 CT (2 R) (26–88) F (96)

Yemen/USA C: Clockwise rotation of the
MMC

Meta-analysis O: Skeletal stability in the
postoperative period
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Table 1 (Continued )

Author PICOa Sampleb
Type of primary

studyc
Total patients

(range)d Age (years) Sex
Dentofacial
deformity Method of analysis

Follow-up
(years)

Year
Country of origin
Study design

Luo et al.19 P: Orthognathic surgery at
16–45 years

N = 10 10 longitudinal n = 420 19.7–32 M (155) All possible
diagnoses

Superimposition of
cephalometric
radiographs (n = 10)

0.5–3.2

2018 I: RIF with resorbable
osteosynthesis

n = 10 (4 P/6 R) (18–84) F (203)

China C: RIF with titanium
osteosynthesis

Meta-analysis O: Surgical relapse

Yang et al.18 P: Orthognathic surgery N = 10 10 CT (3 P/7 R) n = 513 NR M (NR) Class III Superimposition of
cephalometric
radiographs (n = 10)

0.1–3
2017 I: ‘Surgery-first’ approach n = 10 (26–97) F (NR)
China C: Conventional surgical

approach
Meta-analysis O: Skeletal stability in the

postoperative period

Joss and Vassalli11 P: Class III N = 14 1 MCT (1 P) n = 484 20–32.1 M (NR) Class III Superimposition of
cephalometric
radiographs (n = 14)

0.1–12.7
2008 I: BSSO for mandibular

setback with RIF
n = 14 13 CT (4 P/9 R) (11–86) F (NR)

Switzerland C: NR
Systematic review O: Stability/relapse

Joss and Vassalli8 P: Class III N = 24 1 MRCT (1 P) n = 1034 19.3–34 M (300) Class II Superimposition of
cephalometric
radiographs (n = 24)

0.5–12.7
2009 I: BSSO for mandibular

advancement with RIF
n = 24 1 MCT (1 P) (15–222) F (734)

Switzerland C: NR 22 CT (4 P/18 R)
Systematic review O: Stability/relapse

Medeiros et al.20 P: Anterior open bite in
adults

N = 14 10 CS (10 R) n = 532 NR M (NR) AOB NR 1–15

2012 I: Orthognathic surgery n = 10 (10–234) F (NR)
Brazil C: Various orthodontic

treatment modalities
Systematic review O: Dental stability

Yang et al.13 P: Dentofacial deformity N = 20 5 RCT (5 P) n = 1092 NR M (NR) Multiple surgical
procedures

Superimposition of
cephalometric
radiographs
(n = NR)

0.2–6.3

2014 I: Orthognathic surgery with
resorbable RIF

n = 20 15 CT (15 P) (20–230) F (NR) Superimposition of
CT scans (n = NR)

China C: Orthognathic surgery
with titanium RIF

Systematic review O: Stability

https://doi.org/10.1016/j.ijom.2019.03.003
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Convens et al.7 P: Vertical maxillary
deficiency in adults

N = 2 2 CT (2 R) n = 22 NR M (NR) Vertical
maxillary
deficiency

Superimposition of
cephalometric
radiographs (n = 2)

>0.5 to >1

2015 I: Le Fort I osteotomy with
RIF for maxillary
disimpaction

n = 2 (10–12) F (NR)

Switzerland C: NR
Systematic review O: Stability

Starch-Jensen and
Blaehr16

P: Transverse maxillary
deficiency in adults

N = 4 1 longitudinal (1 P) n = 97 NR M (NR) Transverse
maxillary
deficiency

Superimposition of
CBCT scans (n = 2)

0.6–3

2016 I: Segmental Le Fort I
osteotomy

n = 4 3 CS (3 R) (4–20) F (NR) Plaster models
(n = 2)

Denmark C: SARME
Systematic review O: Skeletal and dental

relapse in the postoperative
period

Haas Junior et al.4 P: Dentofacial deformity or
orthognathic surgery

N = 23 2 MCT (2 R) n = 516 19.5–28.4 M (154) Maxillary
deformity in all
three planes

Superimposition of
CBCT scans (n = 1)

0.2–8.8

2017 I: Segmental Le Fort I
osteotomy

n = 14 8 CT (2 P/6 R) F (178) Superimposition of
cephalometric
radiographs (n = 7)

Brazil/Spain C: Le Fort I osteotomy and/
or multisegmental Le Fort I
osteotomy

4 CS (4 R) Superimposition of
cephalometric
radiographs and
plaster models
(n = 2)

Systematic review O: Surgical stability Plaster models and
clinical
measurements
(n = 1)Plaster
models (n = 3)

Al-Thomali et al.21 P: Anterior open bite in
adults

N = 14 5 CS (5 R) n = 177 20.9–30.8 M (50) AOB Superimposition of
cephalometric
radiographs (n = 4)

0.5–2.3

2017 I: Orthognathic surgery or
orthodontics

n = 5 (24–49) F (103) Superimposition of
cephalometric
radiographs and
plaster models
(n = 1)

Saudi Arabia C: Various treatment
modalities

Systematic review O: Dental stability

AOB, anterior open bite; BSSO, bilateral sagittal split osteotomy; CBCT, cone beam computed tomography; CT, computed tomography; F, female; IVRO, intraoral vertical ramus osteotomy; M, male;
MMC, maxillomandibular complex; NR, not reported; RIF, rigid internal fixation; SARME, surgically assisted rapid maxillary expansion.

a PICO: population (P), intervention (I), comparison (C), outcome (O).
bN: sample of studies included in the systematic review; n: sample of studies reporting a surgical stability outcome.
c CS, case series; CCT, controlled clinical trial; CT, clinical trial; MCT, multicentre clinical trial; MRCT, multicentre randomized clinical trial; RCT, randomized clinical trial. P, prospective; R,

retrospective.
d Number of patients evaluated for surgical stability.
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Table 2. Stability in orthognathic surgery: sagittal surgical movements of the maxilla and mandible (negative values indicate negative movement, i.e. setback).

Authors
Surgical
movement

Surgical
techniquesa Sagittal Sagittal Meta-analysis

Year Mean, mm (%) Min/maxb, mm (%) Forest plot
Number of studies T1; T2 T1; T2
Number of patients

Joss and Vassalli11 Mandibular
setback

BSSO (mono) –
2008 BS �6.79; 1.22 (18.78%) �7.5/�4.87; 0.1/2.13 (1.3/43.7%)
14 studies P/BS NR; NR (NR) NR; NR (NR)
484 patients P �7.95; 1.04 (12.86%) �8.2/�4.7; 0.5/1.1 (6.1/23.4%)

RBS �6.6; 1.56 (23.6%) �6.6/�6.6; 1.5/1.6 (22.7/24.5%)
PR NR; NR (NR) NR; NR (NR)

Joss and Vassalli8 Mandibular
advancement

BSSO (mono) –
2009 BS 5.46; �0.79 (14.70%) 4.44/5.33; �0.07/�3.21 (1.6/

60.2%)
24 studies P/BS NR; NR (NR) NR; NR (NR)
1034 patients P 5.37; �0.48 (4.14%) 4.9/5.39; �0.1/�1.01 (1.4/18.7%)

RBS 5.07; �0.54 (12.5%) 6.19/4.6; �0.26/�0.8 (4.2/17.4%)
PR NR; NR (NR) NR; NR (NR)

Yang et al.13 Mandibular
setback

BSSO (bimax) –
2014 RRIF �4.29; 1.33 (31%) �4.29; 1.33 (31%)
20 studies TRIF �7; 3.15 (45%) �7; 3.15 (45%)
1092 patients Mandibular

advancement
BSSO (bimax)

RRIF 5.5; 0.8 (<0%) 5.5; 0.8 (<0%)
TRIF 6.3; �4.2 (66.7%) 6.3; �4.2 (66.7%)

Maxillary
advancement

LFI (bimax)
RRIF 3.02; �0.68 (26.25%) 3.54/2.5; �0.16/�1.2 (4.51/48%)
TRIF 4.45; �1.15 (25.8%) 3.5/5.4; 0.9/�1.4 (<0/26.55%)

LFI (mono)
RRIF 2.76; 0.2 (<0%) 3.5/2.02; 0.2/0.2 (<0/<0%)
TRIF 3.92; �0.3 (<0%) 2.45/5.4; 0.8/�1.4 (<0/25.9%)

Al-Moraissi and
Ellis III14

Mandibular
setback

BSSO Both forest plots (sagittal and vertical linear
stability) favoured BSSO (sagittal SMD: �0.47;
vertical SMD: �1.09)

2015 TRIF �7.11; 1.57 (26.65%) �8.9/�5.33; 0.74/2.4 (8.3/45%) BSSO was associated with relapse, while IVRO
was associated with instability, as the mandible
tended to class II

9 studies SRIF �6.16; 0.01 (0%) �6.16/�6.16; 0.01/0.01 (0/0%) In IVRO, there was less instability with the longer
MMF period (10 weeks)

277 patients IVRO
MMF �6.00; �1.22 (<0%) �5.44/�5.04; �0.21/�2.3 (<0/

<0%)

Al-Moraissi and
Ellis III15

Mandibular
setback

BSSO The forest plot for sagittal linear stability revealed
a small difference in favour of RIF with BS
(SMD: 0.13)2016 BS �7.01; 0.8 (11.86%) �7.5/�7.3; �0.1/1.2 (<0/16.4%)

7 studies P �7.22; 0.66 (10.96%) �8.2/�8.2; �0.5/1.9 (<0/23.1%) The forest plot for vertical linear stability showed
no difference between the two RIF methods290 patients

https://doi.org/10.1016/j.ijom.2019.03.003
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Al-Moraissi and Al-
Hendi17

Mandibular
advancement

BSSO The forest plot for sagittal linear stability revealed
a small difference in favour of RIF with BS
(SMD: �0.25)

2016 BS 6.61; �0.78 (12.13%) 7.8/6; �0.7/�1.06 (8.9/17.6%) The forest plot for vertical linear stability showed
no difference between the two RIF methods

5 studies P 6; �0.71 (12.06%) 6.4/6; �0.1/�1.23 (1.5/20.5%)
203 patients

Al-Moraissi and
Wolford6

CCW rotation of
the mandible

BSSO The forest plot showed a significant difference
only for postoperative rotation of the occlusal
plane (WMD: �1.33�), in favour of CW rotation2016 BS 9.2; �1.07 (10.5%) 7.6/10.81;�0.3/�1.85 (3.9/17.1%)

3 studies P/BS �7.88; 1.59 (20.2%) �7.88; 1.59 (20.2%)
155 patients CW rotation of

the mandible
BSSO
BS �0.81; 0.4 (>100%) �2/�0.24; 0.5/�0.61 (25/>100%)
P/BS �10.03; 0.6 (5.9%) �10.03; 0.6 (5.9%)

Mandibular
advancement

BSSO
BS 7.26; �0.99 (13.6%) 7.26; �0.99 (13.6%)
P/BS NR; NR (NR) NR; NR (NR)

Maxillary
advancement

LFI
TRIF 2.61; �0.46 (19.74%) 3.22/1.3; �0.19/�0.5 (5.9/38.4%)

Luo et al.19 Mandibular
advancement

BSSO The forest plot showed a significant difference
only for mandibular setback (SMD: 0.97), in
favour of titanium RIF

2018 RRIF 4.75; �1.65 (34.7%) 5.5/4.89; 0/�3.65 (<0/74.6%)
10 studies TRIF 5.42; �3.75 (54.42%) 4/7.3; 0/�8.72 (<0/>100%)
420 patients Mandibular

setback
BSSO
RRIF �9.25; 2.3 (37.2%) �6.7/�5.1; 0.51/6.08 (7.6/>100%)
TRIF �8.86; 1.85 (20.71%) �7.2/�8.36; 0.7/3.28 (9.7/39.2%)

Maxillary
advancement

LFI
RRIF 3.48; �1.67 (45.35%) 2.02/4.56;�0.2/�3.82 (9.9/83.7%)
TRIF 4.79; �1.48 (29.8%) 3.54/6.04; �0.16/�3.84 (4.5/

63.5%)
Maxillary
setback

LFI
RRIF �3.86; 2.16 (44.56%) �2.2/�5.93; <0/4.48 (<0/75.4%)
TRIF �3.65; 2.36 (55.7%) �1.9/�5.35; 0.6/4.8 (31.5/89.7%)

Yang et al.18 Mandibular
setback

Surgery-first The forest plot showed no significant difference
for mandibular and maxillary stability (WMD:
0.35 mm Md/0.13 mm Mx), slightly in favour of
the conventional surgical method

2017 BSSO (bimax)
10 studies RIF �10.1; 1.76 (17.55%) �12.6/�9.7; 1.8/2.5 (14.2/25.7%)
513 patients IVRO (bimax)

MMF �7.1; 1.3 (18.3%) �7.1; 1.3 (18.3%)
Conventional
BSSO (bimax)
TRIF �10.12; 1.61 (15.52%) �7.7/�10.3; 0.86/1.78 (11.2/

17.3%)
IVRO (bimax)
MMF �7.7; 2.6 (33.8%) �7.7; 2.6 (33.8%)

Maxillary
advancement

Surgery-first

LFI (bimax)
TRIF 1.42; �0.47 (27.1%) 2/0.1; �0.04/�0.2 (1.9/>100%)

Conventional
LFI (bimax)
TRIF 1.5; �0.47 (26.37%) 3.4/0.1;�0.19/�0.42 (5.5/>100%)

https://doi.org/10.1016/j.ijom.2019.03.003
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lary advancement in monomaxillary pro-
cedures (Table 2.

Vertical stability

Surgical procedures to correct vertical
dentofacial deformities are less stable than
those used to correct sagittal ones. This is
true to such an extent that maxillary down-
ward (52.2%19) and upward (50.97%19)
movement with resorbable RIF are con-
sidered ‘unstable’. Maxillary downward
movement with semi-rigid fixation
showed a trend towards instability
(45.3%6). However, maxillary upward
movement with titanium RIF (19.7%6)
and with semi-rigid fixation (22.9%6)
yielded ‘highly stable’ results, as did small
downward movement in the anterior and
posterior maxilla with titanium RIF
(17.5% and 8.3%)7.
Vertical correction by means of seg-

mented Le Fort I osteotomy was ‘unstable’
in small posterior skeletal upward move-
ments with titanium fixation (50.82%4)
and ‘stable’ in anterior downward move-
ments with titanium fixation, in terms of
both dental (35.12%4) and skeletal
(37.84%4) stability. The only movement
considered ‘highly stable’ with this surgi-
cal technique was posterior upward move-
ment with titanium fixation (23.75%4) and
semi-rigid fixation (17.4%4), both at the
dental level.
Clockwise and counterclockwise man-

dibular rotation were both ‘highly stable’
(<0%6) when secured with bicortical
plates and screws, but when using bicor-
tical screws alone, clockwise rotation was
merely ‘stable’ for small surgical move-
ments (28.95%6) (Table 3).

Transverse stability

Posterior maxillary expansion with semi-
rigid fixation had the highest relapse rate
at the dental level, exceeding 100% even
in small surgical movements4, which
makes it ‘highly unstable’. Instability
was also found in anterior expansion with
RIF (71% dental relapse4). Conversely,
from a skeletal standpoint, posterior max-
illary expansion with rigid fixation can be
considered to range from ‘highly stable’ to
‘stable’ (13.72%4, 25.1%16) (Table 4).

Anterior open bite stability

This study found surgical treatment of ante-
rior openbite tobe the most stable procedure
when overbite was evaluated as a parameter
of stability, regardlessof thefixationmethod
or type of surgery. All systematic reviews
ognathic surgery: overview of systematic

https://doi.org/10.1016/j.ijom.2019.03.003
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Fig. 2. Hierarchical pyramid—stability in orthognathic surgery.
reported relapse rates ranging from
<0%12,21 to 13.9%21 (Table 5).

Analysis of methodological quality

Methodological quality of clinical studies

Two systematic reviews did not analyze
the methodological quality of the primary
studies included11,13. Only three used
tools developed specifically by expert
groups to evaluate the methodological
quality of primary studies: two used the
Newcastle–Ottawa scale18,19, and one
used the Quality Assessment Tool for
Quantitative Studies21. The rest evaluated
methodological quality using custom
scales developed by the authors them-
selves.
The potential risk of bias in clinical

trials was generally considered moderate
to high, as some important criteria were
neglected by analyses of methodological
quality, such as assessor blinding6,14–17 (in
customized scales) and sample randomi-
zation16,18,19,21 (in specific scales). In the
vast majority of primary studies, there was
Please cite this article in press as: Haas OL

reviews, Int J Oral Maxillofac Surg (2019)
no random sample allocation, a condition
that increases the potential risk of bias
(Table 6).

Methodological quality of the systematic
reviews and meta-analyses

None of the secondary studies reported all
of the criteria evaluated by the AMSTAR
2 tool10. Among systematic reviews, the
greatest methodological rigor was found
in the review performed by Haas Junior
et al. (2017)4, where 11 out of 13 possible
items were evaluated in the methodology
section. Among meta-analyses, Luo
et al.19 (2018) reported 10 of 16 possible
criteria.
Individual analysis of the items used to

verify potential risk of bias in systematic
reviews revealed that none of the articles
took into account conflicts of interest in
primary studies and only three papers had
a written protocol established prior to the
execution of the review7,16,21. All articles
reported the inclusion and exclusion crite-
ria of the primary clinical trials (Table 7).
, et al. Hierarchy of surgical stability in orth

, https://doi.org/10.1016/j.ijom.2019.03.003
Discussion

Overviews of systematic reviews are
designed to pool the outcomes of second-
ary studies and synthesize data such that
the effect of an intervention can be evalu-
ated more clearly and educationally. This
provides decision-makers in health with
the most robust scientific evidence avail-
able in an accessible manner9. So, a sum-
mary of stability in orthognathic surgery
from this overview is given in Table 8 and
Fig. 2.
A major step when conducting this type

of project is to search the literature for
published secondary studies with similar
or complementary outcomes; furthermore,
the authors must be experienced in the
design of systematic reviews9,52,53. Re-
garding the design and execution of an
overview of systematic reviews on surgi-
cal stability in orthognathic surgery, 46
articles on this topic were selected for full-
text reading; among these, eight systemat-
ic reviews4,7,8,11,13,16,20,21 and seven meta-
analyses6,12,14,15,17–19 were included for
the extraction of data on a wide range
ognathic surgery: overview of systematic

https://doi.org/10.1016/j.ijom.2019.03.003
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Table 3. Stability in orthognathic surgery: vertical surgical movements of the maxilla and mandible (negative values indicate upward movement).

Authors Surgical movement
Surgical

techniquesa Vertical Vertical Meta-analysis
Year Mean, mm (%) Min/maxb, mm (%) Forest plot
Number of studies T1; T2 T1; T2
Number of patients

Convens et al.7 Maxillary downward LFI –
2015 RIFc Anterior T1; anterior T2S: 3.85; �0.8 (17.5%) S: 3.2/4; <0/�1.6 (<0/35%)
2 studies Posterior T1; posterior T2S: 0.95; �0.3 (8.3%) S: 0.1/1.8; <0/�0.3 (<0/16.6%)
22 patients

Haas Junior et al.4 Maxillary surgical
correction in all three
planes

Segmental LFI –
2017 RIFc Anterior T1; anterior T2D: 3.07; �0.45 (35.12%) D: 0.5/�0.6; <0/0.6 (<0/100%)
14 studies Posterior T1; posterior T2D: �0.85; 0.15 (23.75%) D: �1.4/�0.3; 0.2/0.1 (14.2/33.3%)
516 patients Anterior T1; anterior T2S: 1.56; �0.44 (37.84%) S: 0.1/0.2; <0/>100% (<0/>100%)

Posterior T1; posterior T2S: �0.7; 0.34 (50.82%) S: �0.3/�0.4; �0.7/0.7 (<0/>100%)
SRIFc Anterior T1; anterior T2D: 0.1; <0 (<0%) D: 0.1; <0 (<0%)

Posterior T1; posterior T2D: �2.9; 0.5 (17.24%) D: �2.9; 0.5 (17.24%)
Anterior T1; anterior T2S: NR; NR (NR) S: NR; NR (NR)
Posterior T1; posterior T2S: NR; NR (NR) S: NR; NR (NR)

Luo et al.19 Maxillary upward LFI –
2018 RRIF �2.91; 1.32 (50.97%) �2.46/�3.13; 0.12/2.67 (4.8/85.3%)
10 studies TRIF �4.15; 2.21 (49.45%) �2.14/�3.3; 0.66/2.2 (29.9/66.6%)
420 patients Maxillary downward LFI

RRIF 4.68; �1.98 (52.2%) 6.5/2.32; �1.3/�1.98 (20/85.3%)
TRIF 3.29; �2.45 (73.1%) 2.92/3.25; �1.39/�2.88 (47/88.6%)

Al-Moraissi and
Wolford6

Maxillary upward LFI –

2016 RIF �2.36; 0.35 (19.7%) �3.1/�0.6; 0.2/0.2 (6.4/33.3%)
3 studies SRIF �2.87; 0.6 (22.9%) �3.84/�1.91; 0.66/0.55 (17.1/28.7%)
155 patients Maxillary downward LFI

RIF 1.11; �0.08 (7.2%) 1.11; �0.08 (7.2%)
SRIF 1.17; �0.53 (45.3%) 1.17; �0.53 (45.3%)

CCW rotation of the
mandible

BSSO
BS �2.36; 0.35 (19.7%) �2.82; 0.06 (2.1%)
P/BS �7.79; <0 (<0%) �7.79; <0 (<0%)

CW rotation of the
mandible

BSSO
BS 0.3; 0.35 (28.95%) �2/2.6; 0.5/�0.86 (25/32.9%)
P/BS �2.86; <0 (<0%) �2.86; <0 (<0%)

CW, clockwise; CCW, counterclockwise; NR, not reported; T1, magnitude of surgical movement; T2, magnitude of relapse.
a LFI, Le Fort I osteotomy; RIF, rigid internal fixation; SRIF, semi-rigid internal fixation; RRIF, resorbable rigid internal fixation; TRIF, titanium rigid internal fixation; BSSO, bilateral sagittal split

osteotomy (BS, bicortical screw for rigid internal fixation; P/BS, miniplate and bicortical screw for rigid internal fixation).
bMin/max from the primary studies.
c D, dental relapse; S, skeletal relapse.
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of surgical techniques analyzed for the
outcome of interest. The results of these
studies could be synthesized to more easi-
ly understand stability in orthognathic
surgery.
In addition to the evident methodologi-

cal plausibility of conducting an overview
of systematic reviews on stability in
orthognathic surgery, the authors who
designed and conducted this overview
have broad experience in conducting sec-
ondary studies; in fact, one of the articles
with the greatest methodological rigor
included in the sample was authored by
our team4. In addition, the level of agree-
ment between the authors was considered
excellent both during the study selection
process (k = 0.83) and during the assess-
ment of study eligibility (k = 0.86)54,
demonstrating their homogeneity in gen-
erating scientific evidence.
Important criteria such as assessor

blinding were often neglected by the stud-
ies included in the systematic
reviews4,7,8,17, and the vast majority of
primary studies considered as having a
low risk of bias in the secondary studies
were actually evaluated using a custom-
ized methodological quality scale that did
not include a specific item for assessor
blinding6,14,15 or for random allocation of
the sample19,21, because they were better
suited for observational studies. There-
fore, the data summarized in this overview
are derived from systematic reviews that
did not collate clinical studies of the high-
est level of scientific evidence.
Although the primary studies were clas-

sified as having a generally moderate to
high potential for risk of bias, the system-
atic reviews that included them were
deemed to be of medium to high method-
ological quality, as most had a greater
number of AMSTAR 2 items present
(‘yes’) than absent (‘no’) (Table 7)10.
However, none of the secondary studies
included took into account conflicts of
interest in the original intervention stud-
ies, which could be a cause for concern in
studies comparing two surgical proce-
dures that involve financial issues.
Taking into account that the secondary

studies were considered as having a me-
dium to low risk of bias, i.e., they followed
adequate protocols for quality scientific
output, and that data from the primary
studies are available in the literature, it
is believed that this overview of system-
atic reviews synthesizes the current scien-
tific evidence on stability in orthognathic
surgery as best as possible, and that the
hierarchical pyramid proposed is a useful
tool to help practitioners choose the sur-
ognathic surgery: overview of systematic

https://doi.org/10.1016/j.ijom.2019.03.003
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gical technique that provides the most
satisfactory stability outcomes.
At the top of the hierarchical pyramid of

stability are two procedures considered
‘highly unstable’: (1) BSSO for clockwise
rotation of the mandible with bicortical
screw RIF, and (2) posterior maxillary
expansion with semi-rigid internal fixation
(assessed in terms of dental stability).
(Table 8; Fig. 2)
The highly relapse-prone nature of

clockwise mandibular rotation can be
explained in two ways: first, through the
difficulty in passive positioning of the
proximal segment for fixation by means
of bicortical screws, as these tend to exert
a compressive force that favours the great-
est anatomical reduction possible, which
is often suboptimal for condylar position-
ing; and second, through the small bone
movements to which patients in the pri-
mary studies were subjected, which may
have easily readapted to a new position in
the postoperative period in response to
orthodontic movement � in other words,
the mandible will always be subject to
instability secondary to the patient’s den-
tal occlusion, because it is a mobile bone
structure. However, the surgical technique
of miniplate and bicortical screw fixation
was ‘highly stable’ in the vertical and
sagittal planes, as was counterclockwise
mandibular rotation (regardless of the
method of RIF used). (Table 8; Fig. 2)
When analyzed for posterior dental sta-

bility, maxillary expansion through seg-
mental Le Fort I osteotomy with semi-
rigid internal fixation was ‘highly unsta-
ble’ (>100%4), and ‘unstable’ when
assessed for anterior dental relapse with
RIF (71%4). However, the combination of
plates and screws, often further combined
with bone grafts and palatal fixation4,16,
enhanced stability and yielded results that
were considered ‘highly stable’ (13.72%)4

or at least ‘stable’ (28.35%)4,16 (Table 8;
Fig. 2). The data found for maxillary
expansion, at least those regarding skeletal
stability, contradict the landmark studies
of Proffit et al. (1996 and 2007), which
deemed it the surgical intervention with
the lowest possible stability within a hier-
archical scale1,2.
Some factors may have influenced this

disparity in findings, especially regarding
the methods of evaluation. Proffit et al.
(1996 and 2007) reported the use of lateral
X-rays to evaluate surgical stability1,2.
This method is known to be inappropriate
for transverse analyses. Conversely, the
systematic reviews reported analyses of
plaster models and/or cone beam comput-
ed tomography scans4,16, methods that are
believed to be more reliable. However, if
ognathic surgery: overview of systematic

https://doi.org/10.1016/j.ijom.2019.03.003


S
u
rg
ica

l
 sta

b
ility

 a
fter

 o
rth

o
g
n
a
th
ic

 su
rg
ery

 
1
5

Y
IJO

M
-4
15
1
;

 N
o

 o
f

 P
ag
es

 2
2

P
lease

 cite
 th

is
 article

 in
 p
ress

 as:
 H

aas
 O

L
,

 et
 al.

 H
ierarch

y
 o
f

 su
rg
ical

 stab
ility

 in
 o
rth

o
g
n
ath

ic
 su

rg
ery

:
 o
v
erv

iew
 o
f

 sy
stem

atic

rev
iew

s,
 In

t
 J

 O
ra
l

 M
a
x
illo

fa
c

 S
u
rg

 (2
0
1
9
),

 h
ttp

s://d
o
i.o

rg
/1
0
.1
0
1
6
/j.ijo

m
.2
0
1
9
.0
3
.0
0
3

Table 6. Methodological quality analyses used in the systematic reviews.

Authors and year Method of analysis Criteria Analysis of risk of bias
Overall potential for
risk of bias Notes

Greenlee et al.,
201112

Custom scale 4 domains 0 to 2 points; maximum
score 20

Not categorized,
assessed
continuously without
preset criteria

The studies, in general, were considered as having a high
potential for risk of bias; mean 10.3 (range 7–16) points out of a
possible 20 points

12 items

Al-Moraissi and
Ellis III, 201514

Custom scale 5 items Low: All items present Low: 3 Assessor blinding was not included as a criterion; this is most
probably related to the low potential for risk of bias

Moderate: Absence of 1 of
the items

Moderate: 6 Sample randomization was the only item neglected in the 6
studies with moderate potential risk

High: Absence of 2 of the
items

High: 0

Al-Moraissi and
Ellis III, 201615

Custom scale 5 items Low: All items present Low: 1 Assessor blinding was not included as a criterion; this is most
probably related to the low potential for risk of bias

Moderate: Absence of 1 of
the items

Moderate: 6 Sample randomization was the only neglected item in the 6
studies with moderate potential risk

High: Absence of 2 of the
items

High: 0

Al-Moraissi and Al-
Hendi, 201617

Custom scale 4 domains Yes: item/domain reported
� low risk of bias

Low: 0 Assessor blinding was included as a criterion; this is related to
the uncertain potential for risk of bias

4 items Unclear: item/domain
uncertain � uncertain risk
of bias

Uncertain: 2 Random allocation and assessor blinding were neglected or not
clearly described in all studies

No: item/domain neglected
� high risk of bias

High: 3

Al-Moraissi and
Wolford, 20166

Custom scale 5 items Low: All items present Low: 0 Assessor blinding was not included as a criterion; this is most
probably related to the moderate potential for risk of bias

Moderate: Absence of 1 of
the items

Moderate: 3 Sample randomization was the item neglected by all studies

High: Absence of 2 of the
items

High: 0

Luo et al., 201819 NOS 3 domains Low: �7 items present Low: 9 The NOS is used for observational studies; therefore, it does not
include sample randomization as an item for evaluation

8 items (0 to 9 points) Moderate: 5–6 items present Moderate: 1 Assessor blinding was the item neglected by all studies
High: 0–4 items present High: 0

Yang et al., 201718 NOS 3 domains Low: �6 items present Low: NR The NOS is used for observational studies; therefore, it does not
include sample randomization as an item for evaluation

8 items (0 to 9 points) Moderate: NR Moderate: NR Studies could not be evaluated individually, but overall quality
was considered low

High: NR High: 794% inter-
observer agreement

Joss and Vassalli,
200811

NR NR NR NR There was no analysis of the methodological quality of the
included studies

Joss and Vassalli,
20098

Custom scale 9 items Low/moderate/high Low: 0 No specific table listing the quality analysis was provided
Moderate: 6 Sample power and assessor blinding were the criteria neglected

by all studies
High: 12

https://doi.org/10.1016/j.ijom.2019.03.003
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Table 6 (Continued )

Authors and year Method of analysis Criteria Analysis of risk of bias
Overall potential for
risk of bias Notes

Medeiros et al.,
201220

Custom scale 3 domains 0 to 2 points; maximum
score 16

Low: 4 The studies, in general, were considered as having a moderate
potential for risk of bias; mean 10.8 (range 8–14) points out of a
possible 16 points

13 items Low: >13 Moderate: 10 No RCTs were included; even so, 4 studies were considered to
have a low risk

Medium: 8–13 High: 0
High: <8

Yang et al., 201413 NR NR NR NR There was no analysis of the methodological quality of the
included studies

Convens et al., 20157 Custom scale 3 domains Poor quality: <55% of
items present

Poor quality: 1 Calculation of sample size, prospective design, assessor
blinding, dropouts, confounding factors, and confidence interval
were the criteria neglected by all studies15 items Moderate quality: 55–70%

of items present
Moderate quality: 1

Good quality: >70% of
items present

Good quality: 0

Inter-observer
agreement: k = 0.85

Starch-Jensen and
Blaehr, 201616

Custom scale 5 items Low: All items present Low: 0 Assessor blinding was not included as a criterion
Moderate: Absence of 1 of
the items

Moderate: 0 Sample randomization, definition of inclusion/exclusion
criteria, and loss to follow-up were the items neglected by the 4
studies with a high potential risk of bias

High: Absence of 2 of the
items

High: 4

Haas Junior et al.,
20174

Custom scale 7 items Low: All items present Low: 0 Assessor blinding was the item neglected by all studies;
therefore, none of the articles was classified as having a low
potential for risk of bias

Moderate: Absence of 2 of
the items

Moderate: 4

High: Absence of 3 of the
items

High: 10

Al-Thomali et al.,
201721

QATQS 6 items Weak/moderate/strong Strong: 3 No table was provided for the evaluation of each item
individually

Strong: no item considered
weak and at least 4 items
considered strong

Moderate: 10 As sample randomization was not included as a criterion, the
quality of the studies may have been overestimated

Moderate: 1 item
considered weak and at least
3 considered strong

Weak: 1

Weak: 2 or more items
considered weak

NOS, Newcastle–Ottawa scale; QATQS, The Quality Assessment Tool for Quantitative Studies; RCT, randomized clinical trial; NR, not reported.

https://doi.org/10.1016/j.ijom.2019.03.003
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Table 7. Quality analysis of the included studies—AMSTAR-2 (A MeaSurement Tool to Assess Systematic Reviews).

Greenlee
et al.,
201112

Al-Moraissi
and Ellis III,
201514

Al-Moraissi
and Ellis III,
201615

Al-Moraissi
and Al-Hendi,
201617

Al-Moraissi
and Wolford,
20166

Luo et al.,
201819

Yang et al.,
201718

Did the research questions and inclusion criteria for the review include
the components of PICO?

PY Y Y Y Y Y PY

Did the report of the review contain an explicit statement that the
review methods were established prior to the conduct of the review and
did the report justify any significant deviations from the protocol?

N N N N N N N

Did the review authors explain their selection of the study designs for
inclusion in the review?

Y Y Y Y Y Y Y

Did the review authors use a comprehensive literature search strategy? Y PY PY PY PY PY PY
Did the review authors perform study selection in duplicate? Y Y N N Y Ya Ya

Did the review authors perform data extraction in duplicate? Y PY N PY Y Y Y
Did the review authors provide a list of excluded studies and justify the
exclusions?

Y N N N N PY PY

Did the review authors describe the included studies in adequate detail? Y Y Y Y Y Y PY
Did the review authors use a satisfactory technique for assessing the
RoB in individual studies that were included in the review?

Y PY PY PY Y PY PYa

Did the review authors report on the sources of funding for the studies
included in the review?

N N N N N N N

If meta-analysis was performed, did the review authors use appropriate
methods for statistical combination of results?

PY PY PY PY PY Y Y

If meta-analysis was performed, did the review authors assess the
potential impact of RoB in individual studies on the results of the meta-
analysis or other evidence synthesis?

PY Y N PY Y Y Y

Did the review authors account for RoB in individual studies when
interpreting/discussing the results of the review?

Y N N Y Y Y Y

Did the review authors provide a satisfactory explanation for, and
discussion of, any heterogeneity observed in the results of the review?

PY N N PY Y Y Y

If meta-analysis was performed, did the review authors carry out an
adequate investigation of publication bias and discuss its likely impact
on the results of the review?

Y PY N N N N N

Did the review authors report any potential sources of conflict of
interest, including any funding they received for conducting the
review?

N N Y Y N Y Y

Risk of bias Y (9) Y (5) Y (4) Y (5) Y (9) Y (10) Y (8)
PY (4) PY (5) PY (3) PY (6) PY (2) PY (3) PY (5)
N (3) N (6) N (9) N (5) N (5) N (3) N (3)

Joss and
Vassalli,
200811

Joss and
Vassalli,
20098

Medeiros et al.,
201220

Yang et al.,
201413

Convens
et al., 20157

Starch-Jensen
and Blaehr,
201616

Haas Junior
et al., 20174

Al-Thomali
et al., 201721

Did the research questions and inclusion criteria for the review include
the components of PICO?

PY PY Y PY PY Y Y PY

Did the report of the review contain an explicit statement that the
review methods were established prior to the conduct of the review and
did the report justify any significant deviations from the protocol?

N N N N Y Y N Y

Did the review authors explain their selection of the study designs for
inclusion in the review?

Y Y Y Y Y Y Y Y

https://doi.org/10.1016/j.ijom.2019.03.003
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Table 7 (Continued )

Joss and
Vassalli,
200811

Joss and
Vassalli,
20098

Medeiros et al.,
201220

Yang et al.,
201413

Convens
et al., 20157

Starch-Jensen
and Blaehr,
201616

Haas Junior
et al., 20174

Al-Thomali
et al., 201721

Did the review authors use a comprehensive literature search strategy? PY PY PY PY PY PY Y PY
Did the review authors perform study selection in duplicate? N N Y Y Y Y Ya Ya

Did the review authors perform data extraction in duplicate? N N N N PY N Y Y
Did the review authors provide a list of excluded studies and justify the
exclusions?

Y Y N PY PY PY Y N

Did the review authors describe the included studies in adequate detail? Y Y PY PY PY PY Y Y
Did the review authors use a satisfactory technique for assessing the
RoB in individual studies that were included in the review?

N PY PY N Ya PY Y PY

Did the review authors report on the sources of funding for the studies
included in the review?

N N N N N N N N

If meta-analysis was performed, did the review authors use appropriate
methods for statistical combination of results?

NM NM NM NM NM NM NM NM

If meta-analysis was performed, did the review authors assess the
potential impact of RoB in individual studies on the results of the meta-
analysis or other evidence synthesis?

NM NM NM NM NM NM NM NM

Did the review authors account for RoB in individual studies when
interpreting/discussing the results of the review?

N Y PY N Y Y Y PY

Did the review authors provide a satisfactory explanation for, and
discussion of, any heterogeneity observed in the results of the review?

Y Y N N Y Y Y Y

If meta-analysis was performed, did the review authors carry out an
adequate investigation of publication bias and discuss its likely impact
on the results of the review?

NM NM NM NM NM NM NM NM

Did the review authors report any potential sources of conflict of
interest, including any funding they received for conducting the
review?

N N N Y Y Y Y Y

Risk of bias Y (4) Y (5) Y (3) Y (3) Y (7) Y (7) Y (11) Y (7)
PY (2) PY (3) PY (4) PY (4) PY (5) PY (4) PY (0) PY (4)
N (7) N (5) N (6) N (6) N (1) N (2) N (2) N (2)

RoB, risk of bias; Y, yes; N, no; PY, partial yes; NM, no meta-analysis.
a Inter-observer agreement.

https://doi.org/10.1016/j.ijom.2019.03.003
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Table 8. Stability in orthognathic surgery. Relapse between 75% and 100% was considered ‘highly unstable’; relapse between 50% and 74% was
considered ‘unstable’; relapse between 25% and 49% was considered ‘stable’; relapse between 0% and 24% was considered ‘highly stable’.

Highly unstable � 75% to 100% relapse
� Maxillary expansion: 100% posterior dental relapse with SRIF
� Clockwise rotation of the mandible: 100% BSSO with bicortical screw RIF (sagittal)

Unstable � 50% to 74% relapse
� Maxillary expansion: 71% anterior dental relapse with RIF
� Maxillary downward: 52.2% with resorbable RIF, 73.1% with titanium RIF
� Maxillary upward with segmental Le Fort I: 50.82% posterior skeletal relapse with RIF
� Maxillary upward: 50.97% with resorbable RIF
� Maxillary setback: 55.7% with titanium RIF
� Mandibular advancement: 66.7% with titanium RIF, 54.42% with titanium RIF

Stable � 25% to 49% relapse
� Maxillary expansion: 28.35% anterior skeletal relapse with RIF, 25.1% posterior skeletal relapse with RIF, 27.75% posterior dental relapse with
RIF, 49.4% posterior dental relapse with RIF, 28.35% anterior skeletal relapse with RIF, 29.7% anterior dental relapse with SRIF

� Maxillary downward: 45.3% with SRIF
� Maxillary downward with segmental Le Fort I: 35.12% anterior dental relapse with RIF, 37.84% anterior skeletal relapse with RIF
� Maxillary upward: 49.45% with titanium RIF
� Maxillary advancement: 26.25% with resorbable RIF, 25.8% with titanium RIF, 45.35% with resorbable RIF, 29.8% with titanium RIF, 27.1%
in surgery-first with titanium RIF, 26.37% in conventional treatment with titanium RIF

� Maxillary setback: 44.56% with resorbable RIF
� Maxillary setback with segmental Le Fort I: 30.3% anterior dental relapse with SRIF
� Mandibular setback: 31% BSSO with resorbable RIF, 45% BSSO with titanium RIF, 26.65% BSSO with plate RIF, 37.2% BSSO with
resorbable RIF, 33.8% IVRO in conventional treatment with MMF

� Mandibular advancement: 34.7% with resorbable RIF
� Clockwise rotation of the mandible: 28.95% BSSO with bicortical screw RIF (sagittal)

Highly stable � 0% to 24% relapse
� Maxillary expansion: 23.85% anterior dental relapse with RIF, 13.72% posterior skeletal relapse with RIF
� Maxillary downward: 17.5% anterior relapse with RIF, 8.3% posterior relapse with RIF, 7.2% anterior/posterior with RIF
� Maxillary downward with segmental Le Fort I: 0% anterior dental relapse with SRIF
� Maxillary upward with segmental Le Fort I: 23.75% posterior dental relapse with RIF, 17.24% posterior skeletal relapse with SRIF
� Maxillary upward: 19.7% with titanium RIF, 22.9% with SRIF
� Maxillary advancement: 0% if monomaxillary with resorbable RIF, 0% if monomaxillary with titanium RIF, 19.74% with titanium RIF
� Maxillary advancement with segmental Le Fort I: 9.37% anterior dental relapse with resorbable RIF, 0% posterior dental relapse with titanium
RIF, 10.6% anterior skeletal relapse with titanium RIF, 18.06% posterior skeletal relapse with titanium RIF

� Mandibular setback: 18.78% BSSO with bicortical screw RIF, 12.86% BSSO with plate RIF, 23.6% BSSO RIF with resorbable bicortical screw,
0% BSSO with SRIF, 0% IVRO with MMF, 11.86% BSSO with bicortical screw RIF, 10.96% with plate RIF, 20.71% BSSO with titanium RIF,
17.55% surgery-first BSSO with RIF, 18.3% surgery-first IVRO with MMF, 15.52% BSSO in conventional treatment with RIF

� Mandibular advancement: 14.70% BSSO with bicortical screw RIF, 4.14% BSSO with plate RIF, 12.5% BSSO with resorbable bicortical screw
RIF, 0% BSSO with resorbable RIF, 12.13% BSSO with bicortical screw, 12.06% BSSO with plate RIF, 13.6% BSSO with bicortical screw RIF

� Clockwise rotation of the mandible: 0% BSSO with plate/bicortical screw RIF (vertical), 5.9% BSSO with plate/bicortical screw RIF (sagittal)
� Counterclockwise rotation of the mandible: 19.7% BSSO with bicortical screw RIF (vertical), 0% BSSO with plate/bicortical screw RIF
(vertical), 10.5% BSSO with bicortical screw RIF (sagittal), 20.2% BSSO with plate/bicortical screw RIF (sagittal)

� Surgical treatment of anterior open bite: 0% up to 13.5% bimaxillary with RIF or SRIF, 0% up to 9.8% in Le Fort I with RIF, 4.8% to 13.9% in
Le Fort I with SRIF

BSSO, bilateral sagittal split osteotomy; IVRO, intraoral vertical ramus osteotomy; MMF, maxillomandibular fixation; RIF, rigid internal fixation;
SRIF, semi-rigid internal fixation.
the data provided by Proffit et al. (1996
and 2007) were based on dental analyses,
their results would be very similar to the
findings of this overview of systematic
reviews1,2. Taking this into account, pre-
operative dental expansion should not be
performed under any circumstances in
order to avoid underestimating the amount
of bone expansion needed and to prevent
the creation of a transverse dental insta-
bility in the postoperative period.
In the same way as for maxillary expan-

sion, maxillary downward movement is
also considered in the general literature
to be a problematic procedure from the
Please cite this article in press as: Haas OL

reviews, Int J Oral Maxillofac Surg (2019)
stability standpoint1,2. This finding contra-
dicts the data found in a systematic review
by Convens et al. (2015)7, who reported
relapse rates of between <0% and 35%
with the use of bone grafts in some situa-
tions. Although these data belong to a
secondary study with excellent methodo-
logical quality, only two clinical studies
were included for a total sample of 22
patients only. In addition, another system-
atic review of similar methodological
quality reported a percentage relapse of
73.1% after fixation with titanium mini-
plates and 52.2% after fixation with
resorbable miniplates19. Therefore, we be-
, et al. Hierarchy of surgical stability in orth

, https://doi.org/10.1016/j.ijom.2019.03.003
lieve that the literature does not supersede
changes in some pre-established surgical
concepts regarding maxillary downward
movement, especially regarding the need
for RIF and bone grafting.
Another type of surgical movement

considered problematic in the literature
is isolated mandibular setback1,2. Howev-
er, mandibular advancement and setback
were both generally ‘highly stable’, espe-
cially in the context of BSSO with RIF,
whether with screws and/or
Plates6,8,11,15,17,18. This discrepancy in
findings may be related to the type of
fixation (rigid or semi-rigid), the magni-
ognathic surgery: overview of systematic

https://doi.org/10.1016/j.ijom.2019.03.003
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tude of rotation of the mandibular com-
plex, and incorrect posterior positioning of
the distal segment1,2,8,11. Therefore, man-
dibular stability outcomes are extremely
dependent on the surgeon’s experience.
Mandibular advancement and setback

were considered more stable than the same
movements when performed in the maxil-
la. This finding is closely related to the
proportion that the percentage relapse
represents; the absolute magnitude of re-
lapse is very similar in both bone segments
(except in maxillary setback), but as the
magnitude of surgical movement is greater
in the mandible than in the maxilla, re-
lapse is relatively less in this anatomical
structure. Remarkably, however, maxil-
lary setback was characterized as ‘stable’
(44.56%19) or ‘unstable’ (55.7%19), with
an absolute magnitude of relapse
(2.16 mm and 2.36 mm19) greater than
in the vast majority of secondary studies
reporting ample mandibular move-
ment6,8,11,14,15,17.
Assessment of the influence of different

osteotomy techniques on surgical stability
of the mandible was limited; only man-
dibular setback could be compared be-
tween BSSO and IVRO. The latter
technique was more unstable, with no
appreciable pattern for accommodation
of the condylar segment in the postopera-
tive period. Relapse outcomes ranged
from up to 33.8%18 to overcorrections
of up to 20.3%14. The variability of out-
comes found for IVRO is closely related to
non-union of the bone segments and the
possibility of free accommodation of the
mandibular condyle within the glenoid
fossa.
Of all the surgical techniques evaluated,

the treatment of anterior open bite was
found to be the most stable, with relapse
rates ranging from <0% to 13%12,20,21. A
few primary studies reported rates close to
25%, which would fall outside of the
‘highly stable’ category. These data came
from dental measurements of overbite,
and no relapse-related factors such as
tongue size and position, facial pattern,
respiratory problems, or condylar resorp-
tion were considered42. Therefore, the or-
thodontic mechanics of the anterior teeth
in the postoperative period may have
masked the occurrence of some skeletal
relapse. However, it is paramount to note
that a combination of surgical and ortho-
dontic treatment, regardless of the type of
RIF or the number of osteotomized bone
segments, is capable of treating anterior
open bite and providing long-term occlu-
sal stability.
Given the design of this overview of

systematic reviews, it was possible to
Please cite this article in press as: Haas OL

reviews, Int J Oral Maxillofac Surg (2019)
dilute the bias of the individual character-
istics of each primary study toward the
final outcome of interest (stability in
orthognathic surgery). Therefore, the hi-
erarchy of stability proposed herein is the
combined result of the experience of sev-
eral surgeons who have published schol-
arly articles on the subject, making the
results of this study more comprehensive
and applicable to clinical reality rather
than restricted to the experience of a single
specialized centre.
From an academic standpoint, this over-

view contains suggestions to improve the
level of scientific evidence of primary
studies by revealing the need for conduct-
ing well-designed clinical trials, even
those that due to the ethical issues in-
volved in some types of interventions
cannot be randomized. As for secondary
studies, it is also an objective of overviews
to suggest new systematic reviews9. We
believe there is a notable research gap
concerning the imaging method used to
evaluate the results of primary studies, as
there have been no systematic reviews
with inclusion criteria that have limited
studies to those using three-dimensional
analyses of pre- and postoperative com-
puted tomography scans.
In conclusion, according to the hierar-

chy of stability in orthognathic surgery
proposed by this overview of systematic
reviews, two procedures are considered
‘highly unstable’: posterior maxillary ex-
pansion with semi-rigid internal fixation
when evaluated at the dental level and
clockwise rotation with bicortical screw
fixation after mandibular BSSO.
Surgical procedures in the maxilla were

deemed more unstable than those per-
formed in the mandible, with the follow-
ing techniques scoring on a continuum
between ‘stable’ and ‘unstable’: maxillary
downward movement with semi-rigid or
bioresorbable internal fixation, maxillary
setback with titanium or bioresorbable
RIF, and maxillary upward movement
with bioresorbable RIF.
Mandibular surgical movements were,

for the most part, ‘stable’ or ‘highly sta-
ble’, with greater stability when achieved
through BSSO for mandibular setback and
RIF with miniplates and bicortical screws
for rotations.
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