Original Article

THE KOREAN JOURNAL of
ORTHODONTICS

pISSN 2234-7518 @ eISSN 2005-372X
https://doi.org/10.4041/kjod23.194
Korean J Orthod 2024;54(2):89-107

Treatment outcome and long-term stability of
orthognathic surgery for facial asymmetry:
A systematic review and meta-analysis

Yoon-Ji Kim*
Moon-Young Kim"
Nayansi Jha®
Min-Ho Jung**
Yong-Dae Kwon®
Ho Gyun Shin
Min Jung Ko'
Sang Ho Jun’

“Department of Orthodontics, Asan
Medical Center, University of Ulsan
College of Medicine, Seoul, Korea

"Department of Oral and Maxillofacial
Surgery, College of Dentistry, Dankook
University, Cheonan, Korea

‘Department of Orthodontics, Dental
Research Institute and School of
Dentistry, Seoul National University,
Seoul, Korea

dy_e .
Private Practice, Seoul, Korea

“Department of Oral and Maxillofacial
Surgery, College of Dentistry, Kyung
Hee University, Seoul, Korea

Division of Healthcare Technology
Assessment Research, National
Evidence-based Healthcare
Collaborating Agency, Seoul, Korea

“Department of Oral and Maxillofacial
Surgery, Korea University Anam
Hospital, Seoul, Korea

Objective: This systematic review aimed to provide a comparative analysis of the treatment
outcomes, including hard and soft tissues, postoperative stability, temporomandibular
disorders (TMD), and quality of life (Qol), in patients with facial asymmetry who
underwent orthognathic surgery. Methods: The primary objective was to address the
question, “How do different factors related to surgery affect the outcomes and stability
of orthognathic surgery in the correction of facial asymmetry?” A meta-analysis was
conducted on the outcome parameters, such as skeletal, dental, and soft tissue symmetry,
TMD, Qol, and relapse, using the Hartung-Knapp-Sidik-Jonkman method for random-
effects models. Subgroup analyses were conducted considering surgery-related factors
such as surgical techniques (one-jaw vs. two-jaw), use of the surgery-first approach,
utilization of computer simulation, and analytical methods employed to evaluate
asymmetry (2D vs. 3D). Results: Forty-nine articles met the inclusion criteria. The meta-
analysis demonstrated a significant improvement in the symmetry of hard and soft
tissues. The subgroup analysis indicated that the treatment outcomes showed significant
improvement, regardless of the factors related to surgery. Changes in TMD signs and
symptoms varied according to the surgical technique used. Quality of life improved in
the facial, oral, and social domains. Skeletal relapse was observed during the follow-up.
Conclusions: Our findings support the positive outcomes of orthognathic surgery in the
treatment of facial asymmetry in terms of skeletal and soft tissue improvements, stability,
relief of TMD symptoms, and enhancement of QoL. However, most of the included studies
showed a low certainty of evidence and high heterogeneity.
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INTRODUCTION

Facial asymmetry is characterized by notable dispari-
ties in size, shape, and positioning of features between
the right and left sides of the face. The etiology of facial
asymmetry is multifactorial, involving genetic, function-
al, and environmental factors during growth,"” and the
reported prevalence thereof ranges from 119% to 37%,’
with a higher prevalence (21-67%) observed in individu-
als with malocclusions, particularly Class 111.*7

Most people have some degree of skeletal asymmetry,
which is considered normal, and it may be compensated
for by soft tissues, dental occlusion, and head posture.’
However, a deviation exceeding 3-4 mm in the soft tis-
sue menton region may be perceived by laypeople and
elicit psychological implications."” Patients with facial
asymmetry commonly exhibit concomitant malocclu-
sion, compromised masticatory functions, speech impair-
ments, and temporomandibular joint (TMJ) dysfunction.

Considerable progress in surgical techniques has
revolutionized the treatment approach for facial asym-
metry, supplanting the previous reliance on orthodontic
camouflage with more stable and esthetically pleasing
outcomes. Leveraging digital advancements such as
computer-aided design and manufacturing technologies
enables the utilization of surgical simulations, thereby
enhancing the predictability of treatment outcomes and
patient satisfaction.

While numerous studies have explored orthognathic
terms of diagnosis, surgical technique, and surgical out-
come for facial asymmetry, a comprehensive systematic
review of the impact of a range of factors on treatment
outcomes remains lacking. These factors include surgi-
cal techniques (one- vs. two-jaw), surgical protocols
(surgery-first approach [SFA] vs. conventional approach),
implementation of surgical simulation techniques, and
analytical methods (two-dimensional [2D] vs. three-
dimensional [3D]). We, therefore, aimed to provide a
comparative analysis of treatment outcomes encom-
passing hard and soft tissues, postoperative stability,
temporomandibular disorder (TMD) signs and symptoms,
and quality of life (QoL).

MATERIALS AND METHODS

This systematic review adhered to the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses’ (Supplementary Table 1). The study was
registered in the PROSPERO Registry of Systematic Re-
views/Meta-Analyses in Research (registration number:
CRD42022384509). The primary objective was to ad-
dress the question, “How do different factors related to
surgery affect the outcomes and stability of orthogna-
thic surgery in the correction of facial asymmetry?” The
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research question was structured according to the Popu-
lation, Intervention, Comparison, Outcomes, Time, and
Study type framework (Table 1). The specific outcome
parameters are shown in Table 2.

Information sources and search strategy

The search strategy included relevant English databas-
es, including Ovid-Medline, Ovid Embase, and the Co-
chrane Central Register of Controlled Trials, and Korean
databases, such as KoreaMed and KMbase. The search
terms were derived from those employed in Ovid-Med-
line and search functions, including controlled vocabu-
lary (MeSH and Emtree), text words, logical operators,
and truncation, were appropriately applied considering
the characteristics of each database. The search was lim-
ited to the literature published between January 2000
and June 2023 in English and Korean (Supplementary
Table 2).

Eligibility criteria, study selection, and data collection
We included original studies published in scientific
journals with the full text available. We included studies
as follows: those involving patients with facial asym-
metry aged 18 years or older, focusing on orthognathic
surgery, reporting one or more predefined outcomes,
and conforming to a predetermined study design. We
excluded non-original articles (reviews, editorials, letters,
comments, abstracts, duplicate research); studies ad-
dressing the treatment of pathological conditions such
as condylar hyperplasia; studies concerning the treat-
ment of congenital facial deformities such as hemifacial
microsomia and cleft lip and palate; documents not
published in peer-reviewed journals (gray literature, ab-
stracts, etc.); and studies not published in Korean. Two

Table 1. Description of PICOTS framework

PICOTS framework Details
Population Facial asymmetry patients
Intervention Orthognathic surgery
Comparison Untreated subjects
Outcomes Skeletal symmetry, midline
discrepancies, lip canting,
temporomandibular disorders,
quality of life, relapse

Time No limitation

Study type Randomized clinical study,

non-randomized clinical study
(cohort study, case-control study,
cross-sectional study), patient
group study (case-series)

PICOTS, population, intervention, comparison, outcome,
time, and study type.
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Table 2. Definition of outcome variables

Outcome variables

Definition

Skeletal symmetry

Linear and angular measurements of the anatomic landmarks of the facial skeleton

using radiographs for assessment of facial asymmetry

Menton deviation
Maxillary canting

Frontal ramal inclination*

Distance from the menton of the mandible to the midsagittal reference plane
Angle between the maxillary plane and the horizontal reference plane

Angle between the midsagittal reference line and the line connecting the most lateral

point of the condylar head and gonion in the frontal plane

Ramus height*
Body length*

Midline discrepancies

Distance from the condylion to gonion
Distance from the gonion to menton

Deviation of upper and lower dental midline from the midsagittal reference line;

midline discrepancy between the upper and the lower dentition

Lip canting
reference line

TMD
Quality of life
Relapse

The angle between the line where the upper and lower lips meet and the horizontal

Signs and symptoms related to TMD
Quality of life related to surgical treatment of facial asymmetry

Change of more than 1 mm in the menton deviation after surgery

TMD, temporomandibular disorders.

*Differences between right and left measurements were analyzed.

reviewers (YJK and MYK) independently conducted the
literature selection process based on the predetermined
inclusion and exclusion criteria. Inter-rater agreement
was assessed using Cohen’s kappa statistic, which yield-
ed a substantial agreement coefficient of 0.801. In cases
of disagreement, a final selection of literature was made
through discussions involving the entire research team.

Data extraction

Pilot data extraction was performed in several stud-
ies to standardize the process and enhance consistency
between reviewers. Subsequently, two independent re-
viewers extracted data from the selected studies into a
standardized form. Disagreements between the two re-
viewers were resolved by rechecking the data and further
discussions with the clinical advisory committee.

The extracted data included (a) study characteristics
(authors, year of publication, study design, period, and
the number and location of research centers), (b) study
population (inclusion/exclusion criteria, number of
participants included/dropped out, sex, age, and type
of dentoskeletal malocclusion), (c) methods (surgical
techniques, use of SFA, computer simulation, analytic
methods [2D vs. 3D] to assess asymmetry), (d) values of
outcome variables, and (e) follow-up duration.

Risk of bias assessment

The methodological quality rating was determined
using the Newcastle-Ottawa Scale (NOS) to assess the
quality of non-randomized studies in the meta-analyses.
Studies received one or two stars within each NOS cat-
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egory. A study with a score of > 7 was considered high
quality, those scoring 4-6 were considered moderate
quality, and studies scoring < 4 were categorized as low
quality. A critical assessment of the studies was con-
ducted by two reviewers, and any discrepancies were
resolved by a third.

Certainty of evidence assessment

We used the Grading of Recommendations, Assess-
ment, Development, and Evaluation'® to evaluate the
quality of evidence of the studies in which the meta-
analysis was performed. Each outcome was rated based
on the quality of evidence as high, moderate, low, or
very low within five domains: risk of bias, imprecision,
inconsistency, indirectness, and other biases.

Statistical analysis

The meta-analysis was conducted using the Hartung-
Knapp-Sidik-Jonkman method, which is a random-
effects model. Heterogeneity among the studies was
assessed using the 17 statistic, indicating the proportion
of the total variation attributed to heterogeneity rather
than chance. Heterogeneity was categorized as low (25—
50%), intermediate (50-759%), or high (75-100%).

In cases of high heterogeneity, the effect estimate
was reported as the standardized mean difference (SMD)
or mean difference. To explore potential sources of
heterogeneity, subgroup and sensitivity analyses were
performed on studies exhibiting moderate or high het-
erogeneity. These analyses utilized predefined variables
to investigate the factors contributing to heterogeneity.
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Subgroup analyses were conducted to improve overall
skeletal symmetry, which included all outcomes of skele-
tal symmetry and menton deviation considering surgery-
related factors, such as the surgical techniques (one- vs.
two-jaw), the use of SFA, utilization of computer simu-
lation, and the analytical methods employed to evaluate
asymmetry (2D vs. 3D). Skeletal relapse was evaluated
by examining the SMDs of the overall skeletal symmetry
from immediately after surgery to the follow-up periods
of < 3, 3-12, and > 12 months. Additionally, relapse of
menton deviation was observed for follow-up periods of
< 3 months and > 3 months.

Standardized mean differences for the upper and
lower dental midlines, midline discrepancies between
the upper and lower dentition, and lip canting were as-
sessed. The prevalence of signs and symptoms of TMD
before and after surgery were analyzed. Quality of life
was examined. Publication bias was assessed using fun-
nel plots and Egger’s test."" Statistical analyses were
performed using R (version 3.6.3, http://cran.r-project.
org/) and comprehensive meta-analysis (version 3.3.070).
Statistical significance was defined as P < 0.05.

RESULTS

Study selection

A comprehensive database search yielded 2,928 ar-
ticles, including 2,694 in English and 234 in Korean. Af-
ter removing duplicate studies, 2,175 articles remained
for further evaluation based on the selection criteria.

Through a rigorous review process, 168 articles were se-
lected based on their titles and abstracts, and a final set
of 49 articles were included after a thorough examina-
tion of the full texts (Figure 1).

Risk of bias assessment of the included studies

Supplementary Table 3 summarizes the NOS results.
Most of the studies were assessed as moderate qual-
ity,"”*® while a few were assessed as high quality."**®
The studies were classified as high quality when the
comparability of cohorts was appropriately addressed
based on the study design or analysis.

Certainty of evidence assessment

The outcome parameters of the studies included in
the meta-analysis were examined. Factors such as risk of
bias, indirectness, inconsistency, and imprecision were
not serious issues. The certainty of evidence regarding
menton deviation is very low, owing to publication bias.
However, publication bias did not significantly affect the
results of menton deviation analysis. Certainty was low
for other outcomes (Supplementary Table 4).

Characteristics of included studies

The meta-analysis included 1,796 participants. The
publication timeline revealed 1 article from 2003 and 8
articles from 2019, and a significant proportion (51%) of
the studies were published within the last 5 years (2019-
2023). The studies originated from various countries:
19 from South Korea, 12 from Taiwan, 9 from Japan, 7

Identification of studies via databases and registers

S Records identified through electronic databases (n = 2,928)
® - Ovid-MEDLINE (n = 1,004)
£ - Ovid-Embase (n = 1,555)
‘q::: - Cochrane Library (n = 135)
kel - Korean local databases (KoreaMed, KMbase) (n = 234)
Records after duplicates Records excluded after title and
removed (n = 2,175) abstract assessed (n = 2,007)
()]
£
& v
g Full text articles excluded (n = 119)
@ Full-text articles assessed .| Not predefined subject (n = 21)
for eligibility (n = 168) ”|  Not predefined intervention (n = 5)
Not reporting outcomes of interest
L J (n=70)
l Not predefined study design (n = 4)
- Not original article (n = 2)
9] . . Duplicate study (n =7) .
E Studies included in the Containing only abstracts (n = 1) Figure 1. PRISI\/IA .ﬂowch?rt
8 meta-analysis (n = 49) Studies of the same cohort (n = 9) to screen and Identlfy the in-
_ cluded studies.
92 https://doi.org/10.4041/kjod23.194 www.e-kjo.org


http://cran.r-project.org/
http://cran.r-project.org/

Kim et al e Orthognathic surgery for facial asymmetry KJ O

from China, 1 from Hong Kong, and 3 from Europe. The Skeletal symmetry according to distinct factors associated

mean number of participants per study was 41 (range: with surgery
8-228), with a mean age of 24.6 years. In addition, 33 Subgroup analyses according to surgery-related fac-
studies focused on skeletal Class 111 malocclusion. The tors, such as the use of SFA, computer simulation, and
follow-up periods varied across studies, ranging from a analytical methods employed to evaluate asymmetry (2D
minimum of 15 days to a maximum of 3 years, with an vs. 3D), indicated a statistically significant improvement
average follow-up time of 9.7 months. in skeletal symmetry in all subgroups (Supplementary
Figures 1-3). However, high heterogeneity was observed

Evaluation of outcome parameters among the studies in all subgroups.
Overall skeletal symmetry Publication bias

In a comprehensive review involving 44 studies,'**>*® Visual examination of the contour-enhanced funnel
77 outcome indicators were analyzed to assess skeletal plot revealed that studies with larger standard errors
symmetry before and after orthognathic surgery. The were predominantly located within statistically signifi-
SMDs of skeletal symmetry according to one- and two- cant intervals biased toward the left. This observation

jaw surgery are shown in Figure 2, with descriptions of was supported by the Egger’s test, which demonstrated
the study groups and outcome variables in Table 3. Sig- a significantly small study effect (P < 0.01).

nificant improvements were observed after surgery for Trim-and-fill analysis was employed to address po-
all surgery types. However, a notable heterogeneity was tential publication bias, resulting in the inclusion of 38
observed among the included studies. studies. The analysis showed an SMD of -0.67 (P < 0.01)

for the improvement in skeletal symmetry, indicating

Study N Pre_mean Pre_SD Post_mean Post_SD FU (mo) SMD SMD 95% ClI Weight
Method: two jaw + genioplasty \

Lee (2019)_2 20 2.04 1.10 1.20 0.86 6.00 i. -0.80 [-1.29,-0.32] 1.7%
Guo (2018)_1 12 6.20 3.10 2.20 2.20 6.00 -.— -1.35 [-2.10,-0.59] 1.5%
Guo (2018)_2 12 5.30 2.70 1.70 1.30 6.00 -— -1.43 [-2.21,-0.65] 1.5%
Guo (2018)_3 12 3.30 1.30 1.20 0.80 6.00 —.— -1.72 [-2.59,-0.85] 1.4%
Hu (2019)_1 12 8.17 4.02 1.94 0.77  12.00 —-— -1.57 [-2.39,-0.75] 1.5%
Hu (2019)_2 12 10.44 2.57 1.85 0.99 12.00 —il— i -3.56 [-5.08,-2.04] 1.0%
Kwon (2019a)_1 12 2.00 2.20 1.40 1.20 12.00 i . -0.29 [-0.83,0.25] 1.7%
Kwon (2019a)_2 12 5.80 3.30 1.80 1.80 12.00 -- -1.30 [-2.04,-0.56] 1.5%
Kwon (2019a)_3 12 2.00 7.40 -0.20 3.70 12.00 = -1.59 [-2.04,-1.15] 1.7%
Kwon (2019a)_4 12 5.40 4.60 3.07 4.00 12.00 H -0.89 [-1.17,-0.62] 1.8%
Kwon (2019a)_5 12 2.20 2.30 0.80 3.90 12.00 = -1.59 [-2.04,-1.15] 1.7%
Kwon (2019a)_6 12 3.90 4.80 0.00 3.90 12.00 = -0.89 [-1.17,-0.62] 1.8%
Kwon (2019a)_7 12 1.30 1.70 0.10 3.70  12.00 = -1.02 [-1.28,-0.76] 1.8%
Kwon (2019a)_8 12 0.20 3.10 0.90 3.10  12.00 : -0.85 [-1.06,-0.65] 1.8%
Kwon (2019b)_1 46 1.80 3.60 0.20 1240 12.00 i -0.25 [-0.36,-0.15] 1.8%
Kwon (2019b)_2 46 2.60 2.60 1.30 3.50 12.00 -0.98 [-1.10,-0.86] 1.8%
Liao (2019) 65 3.20 2.10 2.00 1.80 12.00 i -0.60 [-0.86,-0.34] 1.8%
Lin (2018) 12 7.34 2.32 2.16 1.70  12.60 —8 -2.32 [-3.38,-1.25] 1.3%
Ji (2019)_1 13 2.56 6.00 0.16 0.90 18.00 i -0.26 [-0.37,-0.15] 1.8%
Ji (2019)_2 13 2.34 5.1 0.44 258 18.00 i -0.40 [-0.93,0.13] 1.7%
Ji (2019)_3 13 1.87 5.76 -0.03 0.67  18.00 i -0.33 [-0.85,0.20] 1.7%
Aoyama (2018)_1 14 13.31 2.47 3.48 245 —E— -3.76 [-5.24,-2.28] 1.0%
Aoyama (2018)_2 14 4.54 1.12 0.46 1.06 —— i -3.52 [-4.91,-2.13] 1.1%
Random effects model (HK) b -1.17 [-1.55, -0.79] 36.5%
Heterogeneity: I = 92%, ° = 0.5025, P < 0.01 ———

-12 10 -8 -6 4 -2 0

SMD (95% Cl)

Figure 2. Skeletal symmetry improvement: one-jaw vs. two-jaw (study groups and outcomes are shown in Table 3).
SD, standard deviation; FU, follow-up; SMD, standardized mean difference; Cl, confidence interval, HK, Hoffman and
Kringle.
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Study N Pre_mean Pre_SD Post_mean Post_SD FU (mo) SMD

Method: two jaw

Udomlarptham (2018)_1 19 6.25 4.97 -1.86 1.39
Udomlarptham (2018)_2 18 6.56 2.89 -2.25 1.88
Udomlarptham (2018)_3 19 1.51 1.19 -0.47 2.10
Udomlarptham (2018)_4 18 1.81 1.46 0.42 1.37
Wu (2017)_1 30 5.33 2.53 1.20 1.25
Wu (2017)_2 30 5.61 1.89 2.50 1.04
Wu (2017)_3 30 4.80 2.76 1.72 1.42
Wu (2017)_4 30 4.93 1.87 2,97 1.05
Yu (2011) 24 5.92 2.32 -0.50 2.16
Suzuki-Okamura (2015) 9 9.16 1.29 2.43 0.55
Huang (2021) 31 7.70 3.40 2.00 1.20
Park (2021a) 43 6.70 0.90 3.10 0.80
Ming (2020)_2 20 8.42 3.99 3.38 3.13
Ming (2020)_4 20 1.78 1.79 -0.29 0.99
Kim (2012) 8 1.66 0.96 -0.28 1.23
Ko (2009) 27 1345 5.94 1.00 2.77
Choi (2021)_1 33 4.00 2.80 1.30 1.00
Choi (2021)_2 26 4.00 2.50 1.30 1.00
Lin (2021)_1 31 7.10 3.10 2.50 1.40
Lin (2021)_2 19 9.20 4.10 1.60 1.40
Lin (2021)_3 31 2.00 1.30 1.50 0.90
Lin (2021)_4 19 2.30 1.30 1.20 0.90
Liu (2021)_1 45 6.90 3.20 1.90 1.40
Liu (2021)_2 1 7.00 3.30 2.30 1.50
Liu (2021)_3 22 4.80 2.60 1.50 1.40
Jeon (2020) 20 15.10 5.01 5.83 1.72
Liao (2020)_1 51 3.60 2.10 2.10 1.80
Liao (2020)_2 44 3.90 1.80 1.10 0.90
Chen (2019) 30 5.61 3.27 2.64 1.80
Ying (2015) 14 0.34 5.99 0.04 0.34
Lee (2017)_2 10 7.20 3.48 3.84 2.39

Random effects model (HK)
Heterogeneity: I* = 83%, - = 0.4880, P < 0.01

Method: one jaw

Hwang (2009) 22 020  2.00 0.20 1.80
Ming (2020) 1 20 1104 065 5.07 1.77
Ming (2020)_3 20 156  1.18 1.16 0.99
Lee (2019) 1 20 142 099 1.31 0.93
Jeon (2017) 20 220 117 1.09 1.21
Sun (2019) 18 160  0.50 0.00 0.00
Hagensli (2014) 38 840 3.0 4.10 2.70
Lee (2017)_1 10 520 3.9 2.12 2.96
Fuijita (2013) 30 580  3.80 2.90 2.40
Yamashita (2009) 17 600  0.70 0.40 0.50

Random effects model (HK)
Heterogeneity: I = 91%, 1° = 3.9567, P < 0.01

Random effects model (HK)

Heterogeneity: I = 91%, ©° = 0.7174, P < 0.01
Test for subgroup differences: xi =2.55,df =2 (P=0.28)

Figure 2. Continued.

that publication bias did not significantly impact the
overall outcome of enhanced skeletal symmetry follow-
ing orthognathic surgery.
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1.7%
1.6%
1.6%
1.7%
1.7%
1.4%
0.5%
1.6%
1.4%
1.6%
1.6%
1.4%
1.5%
1.7%
1.7%
1.7%
1.5%
1.8%
1.7%
1.7%
1.5%
1.6%
1.5%
1.8%
1.7%
1.7%
1.7%
1.5%
48.8%

1.7%
1.2%
1.7%
1.7%
1.7%
1.3%
1.7%
1.6%
1.7%
0.5%
14.8%

-1.40 [-1.67, -1.14] 100.0%

The SMDs of each outcome variable used for skeletal
symmetry, such as menton deviation, maxillary canting,
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Table 3. Characteristics of included studies and the definitions of the subgroups for the meta-analysis

Surgical

3 Computer q q q Subgroup for
Study (year) Outcome (tlfl‘;lll:lli(ll)lll:) simulation  17Jaw vs. 2-jaw SFA Imaging = ta-analysis
Aoyamaetal.”  Me, MC SSRO No 2-jaw + genioplasty  No 2D 1:Me, 2: MC
(2018)
Chen et al.” Me SSRO No 1-jaw, 2-jaw No 3D 1:Group I*, 2: Group IT',
(2016) 3: Group III*
Chen etal.” U1,L1,LC,Me SSRO No 2-jaw Yes 3D
(2019)
Choietal.” Me SSRO No 2-jaw Yes 2D  1:SFA, 2: Conventional
(2021) approach
Eoetal.”(2022) Me SSRO No 2-jaw No 3D
Freudlsperger LC SSRO No 2-jaw No 3D
etal.”” (2017)
Fujita et al.* LC, Me SSRO, IVRO No 1-jaw No 2D
(2013)
Guo etal.” FRI, RH, BL SSRO No 2-jaw + genioplasty ~ Yes 3D 1:FRI, 2:RH, 3: BL
(2018)
Haetal.” FRI SSRO Yes 2-jaw No 3D
(2023)
Hégenslietal” UL, L1, Me SSRO No 1-jaw No 2D
(2014)
Huetal.” (2019) Me SSRO Yes 2-jaw + genioplasty ~ Yes 3D  1:Group A’,
2: Group B !
Huang et al.” Me SSRO No 2-jaw No 3D
(2021)
Hwang et al.” LC,MC NR No 1-jaw No 3D
(2009)
Jeon et al.” Me, LC SSRO No 1-jaw No 3D
(2017)
Jeon et al.” Me SSRO No 2-jaw No 3D
(2020)
Jietal.*® (2019)  BL, MC, RH SSRO Yes 2-jaw + genioplasty  No 3D 1:BL,2:MC,3:RH
Kim et al.** LC, MC SSRO No 2-jaw No
(2012)
Ko etal.*® (2009) Me SSRO No 2-jaw No 2D
Kwon et al.” Me, FRI, RH, BL IVRO No 2-jaw + genioplasty  No 3D  1: Me, contralateral
(2019) type, 2: Me, ipsilateral
type, 3: FRI,
contralateral type,
4: FRI, ipsilateral type,
5: RH, contralateral
type, 6: RH, ipsilateral
type, 7: BL, contralateral
type, 8: BL, ipsilateral
type
Kwon et al.” BL, RH IVRO Yes 2-jaw + genioplasty ~ No 3D 1:RH, 2:BL
(2019)
Leeetal.”’ (2017) Me, LC SSRO Yes 1-jaw, 2-jaw Yes 3D  1:Me, 1-jaw, 2: Me,
2-jaw, 3: LC, 1-jaw,
4:LC, 2-jaw
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Table 3. Continued

Surgical

3 Computer q q q Subgroup for
Study (year) Outcome (t;:lc;llllr(lili(l])lll:) simulation  17Jaw vs. 2-jaw SFA Imaging = ta-analysis
Lee etal.”’ (2019) MC, LC SSRO Yes 1-jaw, 2-jaw Yes 3D 1:MC, 1-jaw, 2: MC,
2-jaw, 3: LC, 1-jaw,
4: LG, 2-jaw
Lee et al.”” (2022) Me SSRO No 1-jaw, 2-jaw No 3D
Liao et al.>* (2020) Me SSRO Yes 2-jaw Yes 3D  1:Conventional,
2: Computer simulation
Lin etal.”” (2018) Me SSRO Yes 2-jaw + genioplasty  No 3D
Lin etal.” (2021) Me, MC, LC SSRO No 2-jaw Yes 3D 1:Me, APIY, 2: Me,
PIE**, 3: MC, API,
4: MC, PIE, 5: LC, AP],
6: LC, PIE
Liuetal.®(2022) Me, LC SSRO Yes 2-jaw Yes 3D  1:Me, Roll-type, 2: Me,
Translation-type, 3:
Me, Yaw-type,
4: LC, Roll-type, 5: LC,
Translation-type, 6:
LC, Yaw-type
Liu and Li* BL, RH SSRO 1-jaw + genioplasty  No 3D
(2022)
Ming et al.*! Me, MC SSRO No 1-jaw, 2-jaw No 3D  1:Me, 1-jaw, 2: Me,
(2020) 2-jaw, 3: MC, 1-jaw,
4: MC, 2-jaw
Ohba et al.”’ Me, L1 SSRO No 1-jaw, 2-jaw No 2D  1:Me, Minor
(2016) asymmetry, 2: Me,
Severe asymmetry,
3: L1, Minor
asymmetry, 4: L1,
Severe asymmetry
Park et al.* FRI SSRO No 2-jaw Yes 3D
(2021)
Sun and Lee™ MC SSRO No 1-jaw Yes 3D
(2019)
Suzuki-Okamura LC, Me SSRO No 2-jaw No 3D
etal.'” (2015)
Udomlarptham  Me, MC SSRO Yes 2-jaw No 3D 1:Me (3D), 2: Me (2D),
etal.”” (2018) 3: MC (3D), 4: MC
(2D)
Verzé et al.* U1-L1 Mixed No 1-jaw, 2-jaw No 3D
(2012) discrepancy
Wong et al." Me SSRO Yes 1-jaw, 2-jaw No 3D  1:Conventional, 2:
(2014) Computer simulation
Wu et al." Me, RH, U1,L1  SSRO Yes 2-jaw No 1: Me (3D), 2: Me (2D),
(2017) 3:RH (3D), 4: RH
(2D), 5: L1 (3D), 6: L1
(2D), 7: U1 (3D), 8: U1
(2D)
Xuetal.” (2021) L1 SSRO No 1-jaw, 2-jaw No 3D 1:1-jaw, 2: 2-jaw
Yamashita et al.”’ LC, MC SSRO No 1-jaw No 2D
(2009)
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Table 3. Continued

Study (year) Outcome t:::llflgniicalllle Computer 1-jaw vs. 2-jaw SFA Imagin Subgroup for
yiy (man di(ll)le) simulation ) =) ging meta-analysis
Ying et al.* MC SSRO, IVRO Yes 2-jaw No 3D
(2015)
Yoon et al.”’ Me SSRO No 1-jaw, 2-jaw No 2D
(2003)
Yu" (2011) FRI, L1 SSRO No 2-jaw No 2D

SFA, surgery-first approach; Me, menton deviation; MC, maxillary canting; SSRO, sagittal split ramus osteotomy; 2D, two-
dimensional; 3D, three-dimensional; U1, upper dental midline deviation; L1, lower dental midline deviation; LC, lip canting; IVRO,

intraoral vertical ramus osteotomy; FRI, frontal ramal inclination; RH, ramus height; BL, body length; NR, not reported.

*Menton deviation greater than ramus asymmetry.
"Menton deviation less than ramus asymmetry.

*Atypical asymmetry of menton deviation to the contralateral side.
Use of CAD/CAM occlusal splints, drilling guiding templates, and pre-bent plates.

!'Use of CAD/CAM occlusal splints only.
‘Asymmetric posterior impaction on both sides.

**Posterior impaction on one side, and posterior extrusion on the other side.

frontal ramal inclination, ramus height, and body length,
were assessed, and all variables showed significant im-
provement after surgery (Supplementary Figures 4-8).

Midline discrepancy

Following orthognathic surgery, a significant decrease
was observed in the dental midline discrepancy of the
upper dentition (SMD = -1.09, P = 0.19), lower denti-
tion (SMD = -1.44, P < 0.01), and in the discrepancy
between the upper and lower dentition (SMD = -1.24, P
< 0.01) (Figure 3).

Lip canting

A significant decrease in lip canting was shown after
surgery (SMD = -1.08, P < 0.01). However, high hetero-
geneity was observed among the included studies (I° =
73.0%, P < 0.01) (Figure 4).

TMDs

The signs and symptoms related to TMD were classi-
fied into joint sounds, pain, and limited mouth opening
(Table 4). Most studies have reported a decrease in TMD
signs and symptoms of TMD after surgery.

QoL

The study conducted by Vongkamolchoon et a
examined changes in QoL before and after surgery in
patients with facial asymmetry. This study included 74
patients with skeletal Class 111 malocclusion 12 months
after surgery. The Orthognathic Quality of Life Ques-
tionnaire was used to assess the QoL across different
domains. The results showed a significant improvement
in QoL in each domain and overall Qol, except for the
awareness domain, when compared with the preopera-

]48
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tive period.*

Relapse

In the analysis of skeletal symmetry based on the
follow-up period, studies with a follow-up period of <
3 months exhibited the highest SMDs (-1.36, P < 0.01),
indicating a significant change due to surgery, while
studies with a follow-up period of 3-12 months also
showed a significant improvement in skeletal symmetry
(SMD = -1.34, P < 0.01). However, in studies with a fol-
low-up period > 12 months, the SMD was less than that
in those with a shorter follow-up period (SMD = -0.60,
P > 0.05) (Figure 5). The analysis of menton deviation
based on the follow-up period showed similar results,
with a greater SMD for studies with a follow-up period
of < 3 months'*'*; studies with a follow-up period > 3
months showed fewer SMDs (Supplementary Figure 9).

DISCUSSION

We provide comprehensive evidence supporting the
effectiveness of orthognathic surgery to correct facial
asymmetry, alleviating TMD symptoms, and improving
QoL. Analysis of the included studies revealed signifi-
cant improvements in all the evaluated skeletal param-
eters following surgery. Among the variables studied,
the menton exhibited the highest frequency of use as
a measure of facial asymmetry, followed by maxillary
canting, frontal ramal inclination, ramus height, body
length, and distance from the gonion to the midsagittal
reference plane. Our results indicated that there was a
significant improvement in skeletal symmetry, regard-
less of the different surgery-related factors, such as the
surgical technique (one- vs. two-jaw), timing of surgery,
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A
Study

Wu (2017)_5
Wu (2017)_6
Wu (2017)_7
Wu (2017)_8
Yu (2011)

Xu (2021)_1

Xu (2021)_2
Chen (2019)
Chen (2019)
Ohba (2016)_3
Ohba (2016)_4
Verze (2012)
Hagensli (2014)
Hagensli (2014)

Random effects model (HK)

B
Study

Wu (2017)_5
Wu (2017)_6
Yu (2011)

Xu (2021)_1

Xu (2021)_2
Chen (2019)
Ohba (2016)_3
Ohba (2016)_4
Hagensli (2014)

Random effects model (HK)

Heterogeneity: I = 79%, - = 0.3282, P < 0.01

c

Study

Wu (2017)_7
Wu (2017)_8
Chen (2019)
Hagensli (2014)

Random effects model (HK)

N Pre_mean Pre_SD Post_mean Post_SD FU (mo) SMD SMD 95% ClI
1
30 342 1.80 0.55 0.67 1.00 —— -1.77 [-2.34,-1.21]
30 378 212 1.95 1.08 1.00 e -0.97 [-1.40,-0.54]
30 152 115 0.35 046  1.00 —h— -1.14 [-1.59, -0.68]
30 1.80 1.36 0.55 0.80  1.00 - -1.03 [-1.46, -0.59]
24 400 1.82 -0.90 140 150 —@— i -2.88 [-3.78,-1.97]
23 5.01 2.74 1.96 1.03  6.00 ——— -1.23 [-1.76,-0.70]
23 520 279 2.46 146  6.00 —-— -1.09 [-1.60, -0.59]
30 266 1.70 1.75 151 12.00 s -0.55 [-0.92,-0.17]
30 112 082 1.71 154  12.00 i - 0.43 [0.07, 0.80]
14 222 072 1.01 0.92 12.00 + -1.36 [-2.10, -0.63]
7 366 091 1.56 1.01  12.00 ——— -1.90 [-3.16,-0.63]
1
15 002 166 0.10 071 12.00 ! —— 0.05 [-0.43,0.53]
38  6.80 220 2.70 1.90 36.00 —— -1.94 [-2.48,-1.41]
38 510 1.70 1.00 0.90 36.00 —— i -2.73 [-3.41,-2.04]
1
1
— -1.24 [-1.78, -0.71]
Heterogeneity:lz=91%, r2=0.7501,P<0.01 _'4 _'3 _'2 _'1 0 %
SMD (95% Cl)
N Pre_mean Pre_SD Post_mean Post_SD FU (mo) SMD SMD 95% ClI
1
30 342 1.80 0.55 0.67 1.00 —- -1.77 [-2.34,-1.21]
30 378 2.12 1.95 1.08 1.00 - -0.97 [-1.40,-0.54]
1
24 4.00 1.82 -0.90 1.40 1.50 — -2.88 [-3.78,-1.97]
23 5.01 2.74 1.96 1.03 6.00 —=- -1.23 [-1.76,-0.70]
23 5.20 2.79 2.46 1.46 6.00 ~:~.— -1.09 [-1.60, -0.59]
30 266 1.70 1.75 151 12.00 [ -0.55 [-0.92,-0.17]
14 222 0.72 1.01 0.92  12.00 _.._ -1.36 [-2.10, -0.63]
7 3.66 0.91 1.56 101 12.00 —a— -1.90 [-3.16,-0.63]
38  6.80 2.20 2.70 190  36.00 —- -1.94 [-2.48,-1.41]
1
1
1
- -1.44 [-1.96, -0.93]
r T T T T T 1
6 5 4 3 2 -1 0 1
SMD (95% Cl)
N Pre_mean Pre_SD Post_mean Post_SD FU (mo) SMD SMD 95% ClI
|
30 152 1.15 0.35 0.46 1 - -1.14 [-1.59, -0.68]
30 1.80 1.36 0.55 0.80 1 B -1.03 [-1.46, -0.59]
1
30 1.12 0.82 1.71 1.54 12 ! E = 0.43 [0.07,0.80]
38 5.0 1.70 1.00 0.90 36 —— 2.73 [-3.41,-2.04]
1
1
1
————— 1,09 [-3.14, 0.95]
5 4 3 2 4 0 1

Heterogeneity: I* = 96%, - = 1.5693, P < 0.01

SMD (95% Cl)

Weight

7.2%
7.6%
7.5%
7.6%
6.3%
7.3%
7.4%
7.7%
7.7%
6.8%
5.2%
7.5%
7.3%
6.9%

100.0%

Weight

1.7%
12.9%

9.0%
12.1%
12.3%
13.3%
10.3%

6.5%
12.0%

100.0%

Weight

25.2%
25.2%
25.5%
24.1%

100.0%

Figure 3. Forest plot for dental midline discrepancies between upper and lower arches (A), lower dental midline discrep-
ancies (B), and upper dental midline discrepancies (C) (study groups and outcomes are shown in Table 3).
SD, standard deviation; FU, follow-up; SMD, standardized mean difference; Cl, confidence interval, HK, Hoffman and

Kringle.
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Study N Pre_mean Pre_SD Post_mean Post_SD FU (mo) SMD SMD 95% CI Weight
1
Hwang (2009) 22 2.40 1.70 0.50 1.20 1.00 —-— -1.21 [-1.75,-0.67] 6.0%
Suzuki-Okamura (2015) 9 3.03 0.46 0.74 0.55 4.00 —_—— i -4.05 [-6.01, -2.09] 1.4%
Lee (2019)_3 20 3.2 0.98 1.27 0.89 6.00 —.—i -1.89 [-2.61,-1.17] 5.0%
Lee (2019)_4 20 3.37 1.26 0.98 0.72 6.00 —— -2.10 [-2.87,-1.32] 4.7%
Jeon (2017) 20 0.72 0.84 0.26 0.92 6.00 i-.— -0.50 [-0.95,-0.05] 6.5%
Kim (2012) 8 3.00 1.16 0.65 0.85 6.00 —8— -2.01 [-3.17,-0.85] 3.1%
Freudlsperger (2017) 14 3.77 2.20 2.01 1.54 9.43 —.— -0.85 [-1.43,-0.26] 5.8%
Lin (2021)_5 31 2.10 1.40 0.90 0.70 12.00 -- -0.96 [-1.38,-0.55] 6.7%
Lin (2021)_6 19 3.20 1.70 1.00 0.70 12.00 —.-:— -1.42 [-2.05,-0.80] 5.5%
Liu (2021)_4 45 2.30 1.50 0.90 0.70 12.00 l -1.06 [-1.42,-0.70] 7.0%
Liu (2021)_5 1 2.60 1.40 1.10 0.70 12.00 —.— -1.14 [-1.87,-0.42] 5.0%
Liu (2021)_6 22 1.30 1.00 1.10 0.80  12.00 i -.- -0.21 [-0.62,0.20] 6.8%
Chen (2019) 30 1.73 1.19 1.09 0.87  12.00 :l -0.58 [-0.96,-0.21] 6.9%
Liao (2019) 65 2.60 2.20 1.40 120 12.00 i= -0.62 [-0.88,-0.36] 7.5%
Lee (2017)_3 10 2.26 1.44 1.26 1.04 e -0.71 [-1.36,-0.06] 5.4%
Lee (2017)_4 10 2.60 2.04 0.89 1.47 —.— -0.86 [-1.54,-0.18] 5.2%
Fujita (2013) 30 2.50 1.70 0.90 1.30 -.- -1.01 [-1.44,-0.58] 6.6%
Yamashita (2009) 17 2.70 1.10 0.50 1.20 —.—E -1.82 [-2.58,-1.06] 4.8%
i
Random effects model (HK) ‘ -1.08 [-1.40, -0.76] 100.0%

itv: P =73% 2= r T T
Heterogeneity: I = 73%, =* = 0.2120, P < 0.01 5 M 5 o

SMD (95% Cl)
Figure 4. Forest plot for lip canting (study groups and outcomes are shown in Table 3).

SD, standard deviation; FU, follow-up; SMD, standardized mean difference; Cl, confidence interval, HK, Hoffman and
Kringle.

Table 4. Signs and symptoms associated with temporomandibular disorder

Outcome indicator Studies ts::ll;glii((:]?lle li\:tlir(?]l:; r((:lf) Pre-?%ligery POSI'(S‘;S gery

Sound Fujimura et al.”’ (2005) IVSRO 15 86.7 6.7

IVRO 15 80.0 13.3

Park et al.*® (2021) SSRO + IVRO 8 62.5 37.5

SSRO 10 60.0 50.0

Kim and Ryu” (2007)  Not reported 30 66.7 23.3

Toh and Leung® (2022) Mixed 64 37.8 17.8
Pain Park et al.* (2021) SSRO + IVRO 8 12.5 0
SSRO 10 10.0 0

Kim and Ryu” (2007)  Not reported 30 53.5 20.0

Toh and Leung” (2022) Mixed 64 13.3 6.7
Sound and pain Park et al.** (2021) SSRO + IVRO 8 37.5 0
SSRO 10 20.0 0

Toh and Leung” (2022) Mixed 64 15.6 13.3

Sound, pain, and limitation ~ Ohba et al.*" (2022) IVRO 14 17.9 10.7

of condylar movement
SSRO with fixation 11 18.2 40.9
SSRO with no fixation 37 24.3 5.4

IVSRO, intraoral vertical-sagittal ramus osteotomy; IVRO, intraoral vertical ramus osteotomy; SSRO, sagittal split ramus
osteotomy.
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Study

Follow up: <3 mo

N Pre_mean Pre_SD Post_mean Post_SD FU (mo)

Liu (2022)_1 50 2.13 2.59 -1.34 3.06
Liu (2022)_2 50 351 485 3.09 468
Udomlarptham (2018)_1 19 6.25 4.97 -1.86 1.39
Udomlarptham (2018) 2 18 6.56 2.89 -2.25 1.88
Udomlarptham (2018)_ 3 19 1.51 1.19 -0.47 2.10
Udomlarptham (2018)_ 4 18 1.81 1.46 0.42 1.37
Wu (2017)_1 30 533 253 1.20 1.25
Wu (2017)_2 30 561  1.89 2.50 1.04
Wu (2017)_3 30 480 276 1.72 1.42
Wu (2017)_4 30 493 187 2.97 1.05
Hwang (2009) 22 0.20 2.00 0.20 1.80
Yu (2011) 24 5.92 2.32 -0.50 2.16

Random effects model (HK)
Heterogeneity: IZ =91%, 1:2 =0.7050, P<0.01

SMD SMD 95% CI Weight
1
0.50 ﬂé -1.20 [-1.56,-0.84] 1.7%
0.50 ! -0.09 [-0.36,0.19] 1.7%
0.50 -.:r 175 [-2.45,-1.05] 1.4%
0.50 —— -3.31 [4.48,-2.14] 1.0%
0.50 e -1.04 [-1.58,-0.50] 1.5%
0.50 i -0.94 [-1.47,-040] 1.5%
1.00 B -1.84 [-2.42,-1.26] 1.5%
1.00 .i -1.85 [-2.43,-1.26] 1.5%
1.00 B -1.25 [-1.73,-0.78] 1.6%
1.00 - -1.18 [-1.63,-0.72] 1.6%
1.00 | 0.00 [-0.40,0.40] 1.6%
1.50 - -2.77 [-3.65,-1.90] 1.3%
- -1.36 [-1.94,-0.77] 17.9%
T T

r T T T
42 10 -8 6 -4 -2 0
SMD (95% Cl)

Figure 5. Skeletal symmetry based on different follow-up periods (study groups and outcomes are shown in Table 3).
SD, standard deviation; FU, follow-up; SMD, standardized mean difference; Cl, confidence interval, HK, Hoffman and

Kringle.

use of computer simulation, and imaging modality for
diagnosis and surgical planning.

Correction of maxillary canting and lip canting

Orthognathic surgery significantly reduced maxillary
and lip canting. However, lip canting correction was
found to be less predictable than maxillary canting.”’
Kim et al.”* demonstrated a relationship between lip
canting and canting correction of the anterior maxillary
transverse occlusal planes. Lip asymmetry is influenced
by muscular factors, and surgery may not cause signifi-
cant changes in lip-line canting.” Lee et al.” reported
an average lip cant of 3.12 for patients undergoing one-
jaw surgery, which reduced to 1.27 after surgery.

Surgical planning and computer simulation

Facial asymmetry can only be analyzed in the frontal
view; therefore, a frontal cephalogram in addition to a
lateral cephalogram is required for diagnosis and surgi-
cal planning. However, in cases of facial asymmetry, 3D
distortion of the mandible is often observed due to vari-
ous yaw and roll patterns, which limits a comprehensive
understanding of the mandibular morphology using
only 2D imaging modalities.” Owing to technological
advances in medical imaging, 3D imaging modalities,
such as computed tomography (CT), intraoral scanners,
and facial scanners, are readily available to clinicians.
Integrating these datasets allows computer simulation
surgery, which is reported to outperform traditional
methods in enhancing facial midline symmetry.'”**

Patients with facial asymmetry often show condylar
deformation with degenerative changes, which can be
accurately analyzed using CT.*”” Study groups using 2D

100

and 3D imaging modalities for surgery and those who
planned surgery with or without computer simulation all
showed significant improvements in asymmetry. Howev-
er, it was not possible to directly compare the outcome
variables of the studies that used 2D and 3D imaging
modalities due to the nature of the meta-analysis. Ad-
ditionally, the outcome variables used in these studies
were mainly menton deviations and dental midline dis-
crepancies, which do not fully represent facial asymme-
try.

Skeletal symmetry outcomes related to transverse di-
mensions such as frontal ramal inclination and distance
from the gonion to the midsagittal reference plane are
strongly associated with facial contours. In patients with
a translation asymmetry type, transverse movement of
the distal segment results in correction of frontal ramal
inclination with stability and improves soft tissue facial
contour.””* A study comparing 2D and 3D planning in
cleft patients with severe discrepancies showed that 3D
planning yielded superior outcomes in terms of facial
contour asymmetry, but we excluded the study due to
cleft palate patients.”® Additionally, Udomlarptham et
al."” concluded that 3D planning was particularly advan-
tageous to achieve bilateral mandibular contour symme-

try.

TMDs

The effects of surgical intervention on TMD symp-
toms vary across studies. Consistent with the results of a
previous systematic review focusing on various patients
with skeletal malocclusion who underwent orthognathic
surgery,” our analysis of patients with facial asymmetry
revealed an overall improvement in the prevalence of
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Study N Pre_mean Pre_SD Post_mean Post_SD FU (mo) SMD
Follow up: 3-12 mo |
Wong (2014)_1 12 6.43 3.97 3.10 1.43 3.00 i
Wong (2014)_2 8 5.15 1.91 1.06 0.60 3.00 —-
Suzuki-Okamura (2015) 9 9.16 1.29 2.43 0.55 4.00 —_—
Huang (2021) 31 7.70 3.40 2.00 1.20 6.00 —+
Park (2021a) 43 6.70 0.90 3.10 0.80 6.00 - i
Ming (2020)_1 20 11.04 0.65 5.07 1.77 6.00 —— !
Ming (2020)_2 20 842 3.99 3.38 3.13 6.00 E 3
Ming (2020)_3 20 1.56 1.18 1.16 0.99 6.00 |
Ming (2020)_4 20 178 179 -0.29 099 600 :
Lee (2019)_1 20 1.42 0.99 1.31 0.93 6.00 i ]
Lee (2019)_2 20 2.04 1.10 1.20 0.86 6.00 _
Guo (2018)_1 12 6.20 3.10 2.20 2.20 6.00 E =
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Random effects model (HK) ¢
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Figure 5. Continued.
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Study N Pre_mean Pre_SD Post_mean Post_SD FU (mo)

Follow up: > 12 mo

Ji (2019)_1 13 2.56 6.00 0.16 0.90
Ji (2019)_2 13 2.34 5.1 0.44 2.58
Ji (2019)_3 13 1.87 5.76 -0.03 0.67
Hagensli (2014) 38 8.40 3.10 4.10 2.70

SMD SMD 95% ClI Weight
18.00 -0.26 [-0.37,-0.15] 1.7%
18.00 -0.40 [-0.93,0.13] 1.5%
18.00 -0.33 [-0.85,0.20] 1.5%
36.00 -1.44 [-1.89,-0.99] 1.6%

Random effects model (HK)
Heterogeneity: I* = 88%, t_ = 0.2674, P < 0.01

Random effects model (HK)
Heterogeneity: I = 90%, - = 0.5064, P < 0.01
Test for subgroup differences: xi =6.20,df =2 (P=0.04)

Figure 5. Continued.

pain.

However, differences in TMJ symptoms have been
observed depending on the surgical technique used.
Patients who underwent intraoral vertical ramus os-
teotomy (IVRO), intraoral vertical-sagittal ramus oste-
otomy (IVSRO), or sagittal split ramus osteotomy (SSRO)
without fixation experienced a substantial reduction in
TMJ symptoms.**"*"** The favorable effect of surger-
ies with no fixation of the bone segments on the TMJ
has been corroborated in previous studies. Fujimura et
al.”' reported 92% and 83% improvements in clicking in
patients who underwent TVSRO and 1VRO, respectively.
Chen et al.”® also demonstrated a 71.4% improvement
in pre-existing TMJ clicking in patients who underwent
IVRO for mandibular setback. They showed that the rate
of improvement of TMJ symptoms was not associated
with the amount of setback. The alleviation of TMD
symptoms after surgery may be attributed to the ab-
sence of fixation between the proximal and distal seg-
ments, allowing the proximal segment to attain a stable
position.”

In contrast, some patients who underwent conven-
tional SSRO with fixation exhibited TMJ symptoms.*****
Hu et al.”’ found that 8% of initially asymptomatic
patients developed TMD symptoms 6 months postop-
eratively, emphasizing the challenges in replicating the
original condylar position during SSRO. This difficulty
poses a risk of excessive pressure on the articular disc or
an unfavorable condylar position, potentially resulting
in joint noise, pain, or exacerbation of pre-existing TMD
symptoms.”” However, Toh and Leung reported that,
despite the surgical technique used (IVRO, SSRO, or a
combination of the two techniques), 12.5% of patients
who were previously asymptomatic developed signs and
symptoms after surgery.”” AlWarawreh et al.”' reported
that most patients who underwent SSRO with rigid
fixation showed no change in the signs and symptoms
of TMD. Eshghpour et al.”” studied the biomechanical
stress of three different modalities, two bicortical screws,
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three bicortical screws, and a miniplate, with SSRO using
finite element analysis and concluded that the miniplate
showed the least displacement of the bony segments.

Stability

Long-term stability is a crucial factor determining the
success of orthognathic surgery. Short-term relapse can
be attributed to factors such as condylar displacement
during surgery, while long-term stability is influenced
by condylar remodeling and skeletal growth.” We re-
vealed that skeletal symmetry improvements remained
stable even when relapse patterns were identified up to
3 years post-surgery. Most studies demonstrated stable
menton and lower midline positions following surgery,
suggesting no significant relapse. Most skeletal relapses
occurred within the first 12 months postoperatively,
with similar amounts of relapse observed between the
immediate postoperative period and the 3-month to
12-month postoperative period. These relapse patterns
align with previous studies reporting that most surgical
relapses occur within 1 year after surgery.””*

Limitations

Our study has several limitations. First, we included
ramus height and body length as parameters to as-
sess skeletal symmetry. However, postsurgical changes
in these variables may be influenced by the surgical
technique, specifically SSRO and TVRO. Despite the high
prevalence of SSRO in the included studies, the surgical
technique may have influenced the outcomes related to
skeletal symmetry. Second, although the subgroup anal-
ysis was performed based on predefined variables, high
statistical heterogeneity was observed in most groups.
One possible explanation for this is the limited number
of studies on these variables. Distinct types of facial
asymmetries can be present, including rotation, transla-
tion, and yaw. However, the specific type of asymmetry
and amount of surgical movement in the jaws were not
consistently defined across the included studies, which

https://doi.org/10.4041/kjod23.194 www.e-kjo.org
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may have contributed to the heterogeneity of the out-
come parameters. Finally, as we focused on the outcome
of surgery in patients with facial asymmetry, additional
factors concerning skeletal stability, such as positional
changes of the proximal segment and condylar head
remodeling, were not studied. Further studies are war-
ranted to focus on factors associated with long-term
stability.

CONCLUSIONS

This systematic review and meta-analysis contributes
to the existing body of knowledge by elucidating the
effectiveness of surgical correction of facial asymmetry.
Our findings support the positive outcomes of this ap-
proach in terms of skeletal improvement, long-term sta-
bility, TMD signs and symptom relief, psychological well-
being, and QoL. However, it is essential to acknowledge
that the included studies exhibited a low-to-moderate
risk of bias. Some bias may be inevitable owing to the
limited follow-up after treatment. The overall certainty
of the evidence was low, indicating the need for further
research to address these limitations and deepen our un-
derstanding of facial asymmetry correction and related
factors.
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