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Abstract: This systematic review (SR) and meta-analysis (MA) aimed to compare the treatment
effects of orthognathic surgery and orthodontic camouflage treatment in adult subjects with Class III
malocclusion (C-III-M). Two independent reviewers conducted the literature search comprehensively
from 1990 to 8 November 2021. PubMed, Science Direct, Scopus, EBSCOhost and Google Scholar
databases were included for literature search. Moreover, a manual search of references from relevant
studies was performed. Based on the literature search, a total of six articles were selected for SR and
three articles fulfilled the criteria of a MA. Standardized mean difference (SMD) was used to evaluate
and compare the treatment effects of orthodontic camouflage treatment and orthognathic surgery
in adult C-III-M patients. Test for overall effect from the studies was used to estimate the treatment
effect of C-III-M. However, Significant heterogeneity and publication bias was apparent among the
selected studies. More research on the treatment effects of orthodontic camouflage treatment and
orthognathic surgery in C-III-M is necessary to conclude possible interactions with better specificity.

Keywords: class III malocclusion; orthognathic surgery; orthodontic camouflage treatment

1. Introduction

Class III malocclusion (C-III-M) is usually featured with either protrusive mandible
or retrusive maxilla, sometimes with a pattern of both features. The treatment of this
phenomenon in adults is always challenging, as it mostly requires surgical intervention.
Many surgical procedures that have been proposed since Hullihen first stated the surgical
correction in the mandible for C-III-M 1849 [1]. Later on, sagittal split ramus osteotomy was
considered the most preferable approach which was introduced by Trauner and Obwegeser
in 1957 as with this surgical technique, mandible could adjust in three dimensions as per
the treatment plan [2]. However, C-III-M not only ensue due to prognathic mandible but
also due to retrognathic maxilla. Therefore, to correct the maxillary position Obwegeser
also introduced the LeFort I osteotomy in 1969 [3]. Some patients require surgery in both
aches based on the extent of malocclusion. Only surgical procedures could not correct the
facial aesthetics without the orthodontic treatment in many types of malocclusions. Hence,
orthodontic procedures exhibit a vital role in the treatment of C-III-M along with surgical
intervention [4].
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Though orthognathic surgery provides the most stable occlusion, borderline C-III-M
could be treated only with orthodontic camouflage treatment. In orthodontic camouflage
treatment, skeletal problems disguise with the dentoalveolar compensation, whilst the
function, aesthetics and occlusion are allowing for an enhancement [4,5]. Camouflage treat-
ment was initially familiarized between the 1930s and 1940s while the extraction technique
became trendy to correct the skeletal malocclusion. The main idea of camouflage treatment
in C-III-M cases comprises retroclination of the lower incisor teeth and proclination of
upper incisors to correct the dental occlusion. Though the skeletal and facial appearance
are mostly compromised [6], some important parameters need to be considered before
treating the camouflage treatment in the C-III-M, such as facial aesthetics, anterior-posterior
position, the thickness of mandibular symphysis and anteroposterior discrepancy. Firstly,
the extension of the facial aesthetics and its importance to the patient’s perspective should
be assessed before starting any camouflage treatment [7]. Next, whether the inclination of
the incisors of both arches allows the orthodontic camouflage treatment for correcting the
C-III-M and the mandibular symphysis should tolerate the extensive retraction of incisors.
Finally, the most important parameter is an anterior-posterior discrepancy. Although all
the parameters may fall in the acceptable range, camouflage treatment may not perform
due to the severe discrepancy [7].

Patient compliance is another major factor, sometimes patients oppose the surgical
treatment plan due to many factors so, camouflage treatment remains the only choice
for treating the C-III-M cases. The orthodontic camouflage treatment aims to disguise
the skeletal discrepancies with dental compensation. With the help of first or second
premolar extractions, orthodontic camouflage treatment allows for an amendment in
aesthetics, occlusion and functions [5,8]. Many authors reported case reports regarding
different treatment modalities for correcting C-III-M [9–13]. Few researchers have en-
deavored to specify cephalometric standards in terms of the most specific treatment plan
C-III-M patients [14–16]. Previously, many systematic reviews and meta-analyses were
performed on C-III-M. However, most of them were focused on prevalence rate [17], ge-
netic factor [18], treatment stability [19], treatment effectiveness of different myofunctional
appliances [20–22]. A SR of the orthognathic surgery and camouflage treatment was con-
ducted on Class II malocclusion; nevertheless, none of the systematic reviews was found
that compared the treatment effects of these two techniques on C-III-M. Moreover, from the
literature search, no well-defined guidelines have been found for adults to indicate the best
treatment plan. Therefore, this article presents a SR and MA comparing orthognathic and
camouflage treatment in C-III-M.

2. Materials and Methods
2.1. Search Strategy

The PRISMA guideline was followed to conduct this SR (Figure 1) and the SR protocol
was registered with PROSPERO (CRD42021289960). Five databases (PubMed, EBSCO,
Science Direct, Google Scholar and Scopus) were searched using a PICO-based search
strategy, from 1990 up to November 2021 [23] (Table 1). There were no limitations executed
on sample size, population and duration of orthodontic treatment. All the references
of selected articles were checked to avoid any related study unnoticed throughout the
database search. The search was restricted to English-language articles.

The following criteria were followed to include the published studies from the
database search: (1) C-III-M, (2) adult patients, (3) comparison of orthognathic surgery and
orthodontic camouflage treatment in C-III-M, (4) Observational and interventional studies
to assess the treatment intervention. Besides, (1) any types of review articles as comparison
data could not be attained for SR, (2), studies with duplication of data (3) studies with
craniofacial deformities (such as cleft lip and palate) due to complex treatment planning
and (4) studies without sufficient data, (5) case reports and case series were excluded from
this study. All these aforementioned inclusion and exclusion criteria were followed by
two reviewers to select the published studies for this SR. When two reviewers agreed to
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all selected studies were included for this SR. In case of disagreement, it was reached a
consensus by the third investigator.

Figure 1. PRISMA guideline for the selection of studies.

Table 1. PICOS format.

Variables Description

Participants Class III malocclusion
Interventions Orthognathic surgery
Comparisons Camouflage treatment

Outcomes Skeletal and dental measurements from lateral cephalogram
Study designs Observational and interventional studies

One of the reviewers extracted all the data from the selected studies and rechecked
the data by the second reviewer. A few information was extracted from the selected
studies; such as authors and year of the study, sample size, population, design of the study,
treatment modalities (surgery and camouflage), skeletal and dental measurements, the
outcome of the study.

2.2. Quality Analysis

Modification of the Downs and Black assessment and checklist was used to evaluate
the risk of bias [24]. Two reviewers independently assessed the methodologic quality.
Scores of the quality assessment were calculated from zero to 32 where zero was considered
lowest and 32 contemplated as the highest quality study. The scoring system is further
divided into 0–16, 17–24, 25–32 was considered low, moderate and high, respectively [25].
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2.3. Quantitative Analysis

Data from the selected studies were classified into two categories: skeletal and dental
measurements. Revman Software version 5.4 was used to conduct the MA. Standardized
mean difference (SMD) from both treatment modalities with the 95% confidence interval
(CI) were obtained from the selected studies to estimate the measurements between two
treatment groups. Each study was checked for the suspected outliers. Clinical hetero-
geneity was evaluated by scrutinizing the type of interventions, participants and outcome
of the selected studies. I2 was used to check the statistical heterogeneity. The I2 < 50%
indicated a lack of heterogeneity across the studies and I2 > 50% were considered a sig-
nificant heterogeneity among the studies. Fixed effects model was carried out when the
statistical heterogeneity was low and random effects model conceded with high statistical
heterogeneity. A funnel plot was observed to detect the publication bias. An asymmetric
funnel plot indicated the possible selection bias.

2.4. Statistical Analysis

IBM SPSS Statistics (version 27.0) for macOS (IBM Co., Armonk, NY, USA) and Revman
Software (version 5.4) were used to conduct the statistical analyses. Interobserver agreement
was estimated by Cohen’s kappa analysis. Kappa score 0.21–0.40, 0.41–0.60, 0.61–0.80, 0.81–1
representing poor, fair, moderate, substantial and near-perfect agreement, respectively [26].

3. Results
3.1. Selection of Studies

The PRISMA statement has been used to guide the SR. A total of 2998 published
studies were classified from different search engines: 121 from PubMed, 1188 from Scopus,
1620 from Science Direct, 20 from EBSCOhost and 49 from Google Scholar after confirming
by two individual reviewers. After removing duplicates, 198 studies were selected for
screening. A total of 177 articles were excluded due to study design (Either case reports or
series of cases reports). The remaining 21 studies with full text were evaluated for inclusion
in this SR and 15 were excluded due to inclusion criteria. the gray literature has been
searched; however, it did not change the number of selected studies. In the end, six articles
were included in the SR (Table 2) and three articles (bottom 3 from Table 2) were selected for
MA. All included articles for this study compared the cephalometric measurement between
Camouflage and surgery groups. However, two [27,28] among six articles assessed only the
pre-treatment radiograph; whereas others evaluated both pre-treatment and post-treatment
radiographs and compared between both treatment groups.

3.2. Quality Assessment

The risk of bias in the included studies was appraised using the modified Downs and
Black bias assessment checklist. Only two articles were scored 19 which represents the
medium quality study, and the other four studies score 13, 14 and 15 which is evidence of
low-quality articles (Table 3). Both reviewers scored the selected articles likewise for quality
assessment and Cohen’s kappa score showed the absolute level of inter-rater agreement.
Table 3 showed that most of the studies described the quality of reporting clearly. However,
half of the studies did not mention the exact p-value [15,29,30]. The score of external validity
was low for all studies. The internal validity Bias section was measured appropriately by all
the selected studies except the blind participants which are due to the retrospective study
design. Only two studies followed the blind assessors [27,30]. The selection bias section
scored low in all the studies due to the study design and only two studies conducted the
power analysis [27,31].
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Table 2. List of included studies.

Study (Year) Country Sample Size Study Design
Intervention

Outcome
Camouflage Surgical

Eslami et al. (2018) [27] Iran 65 Retrospective 36 29

Wits appraisal and Holdway H angle
could be utilized to determine the
treatment modality in borderline

C-III-M.

Tseng et al. (2011) [28] Taiwan 80 Retrospective 40 40

Minimum six cephalometric
measurements are required to attain

effective diagnosis between
nonsurgical and surgical treatment in

C-III-M.

Xiong et al. (2013) [29] China 46 Retrospective 25 21
Camouflage treatment could be a

choice of treatment for patients who
denied orthognathic surgery

Georgalis et al. (2015) [30] Australia 67 Retrospective 31 36

Treatment of C-III-M is expected to
complete with slightly proclined upper

incisors in both surgery and
camouflage treatment.

Martinez et al. (2017) [31] Spain 156 Retrospective 77 79

Three skeletal and two dental
measurements showed a significant

difference between surgical and
camouflage treatment groups.

Rabie et al. (2008) [32] Hong Kong 25 Retrospective 13 12

For patients with borderline C-III-M,
the Holdway angle could be a reliable

guide to determine the modality of
treatment.

Table 3. Modified Downs and Black bias assessment.

Assessment Eslami et al.
(2018) [27]

Georgalis et al.
(2015) [30]

Martinez et al.
(2017) [31]

Rabie et al.
(2008) [15]

Tseng et al.
2011 [28]

Xiong et al.
(2013) [29]

Reporting (Q1–Q10)
Q1: Aim clearly described 1 1 1 1 1 1

Q2: Outcomes clearly described 1 1 1 1 1 1
Q3: Patients’ characteristics clearly described 1 1 1 1 1 1

Q4: Interventions clearly described 1 1 1 1 1 1
Q5: Principal confounders clearly described 0 0 1 1 1 1

Q6: Main findings clearly described 1 1 1 1 1 1
Q7: Random variability for the main outcome

provided 1 1 1 1 1 1

Q8: Adverse events reported 1 1 1 1 1 1
Q9: Lost to follow up reported 0 0 0 1 1 0
Q10: Actual p value reported 1 0 1 0 1 0

Score 8 7 9 8 10 8
External Validity (Q11–Q13) and Internal Validity-Bias (Q14–Q20)

Q11: Sample asked to participate representative
of the population 0 0 0 1 0 0

Q12: Sample agreed to participate
representative of the population 0 0 0 0 0 0

Q13: Staff participating representative to the
patient’s environment 0 0 0 0 0 0

Q14: Attempt to blind participants 0 0 0 0 0 0
Q15: Attempt to blind assessors 1 1 0 0 0 0

Q16: Data dredging results stated clearly 1 1 1 1 1 1
Q17: Analysis adjusted for length of follow up 0 0 0 0 0 1

Q18: Appropriate statistics 1 1 1 1 1 1
Q19: Reliable compliance 1 1 1 1 1 1
Q20: Accurate outcome 1 1 1 1 1 1

Score 5 5 4 5 4 5
Internal Validity–Confounding (selection bias) (Q21–Q26) and Power (Q27)

Q21: Same population 1 1 1 1 1 1
Q22: Participants recruited at the same time 0 0 0 0 0 0

Q23: Randomised? 0 0 0 0 0 0
Q24: Adequate allocation concealment? 0 0 0 0 0 0

Q25: Adequate adjustment for confounders? 0 0 0 1 0 0
Q26: Loss of follow-up reported? 0 0 0 0 0 0

Q27: Power calculation 5 0 5 0 0 0
Score 6 1 6 2 1 1

Total score 19 13 19 15 15 14

1, 5; Yes, 0; no/unable to determine.
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3.3. Meta-Analysis from Selected Studies

MA was performed on skeletal (SNA, SNB, ANB and Withs appraisal) and dental
measurements (L1-MDP and IIA). The details of these parameters are shown in Table 4
and Figure 2. It showed that the overall effect between camouflage and surgical treatment
in all skeletal and dental measurements was statistically significant (p < 0.05) except SNB.
However, all the variables showed higher heterogeneity (I2 ≥ 50%). Therefore, the overall
effect could not reflect the true difference. Both fixed and random-effects models were
planned, but the only random-effects model was used to conduct the MA and subgroup
analyses since the level of heterogeneity of the included studies remained significant. One
study on each step was omitted for sensitivity analysis to observe any impact on the
pooled effect. For SNA, Wits appraisal and L1-MDP, if the study Georgalis et al. (2015)
omitted it reduced the heterogeneity but did not alter the overall effect. Similarly, omitting
Martinez et al. (2017) from SNB, and Rabie et al. (2008) form IIA reduced the heterogeneity
without altering the overall outcome (Figures 3 and 4).

Table 4. List of parameters used in the meta-analysis.

Variables Details

SNA The relation between the maxilla and the cranial base. Angle:
Sella-Nasion-Point A

SNB The relation between the mandible and the cranial base. Angle:
Sella-nasion-Point B

ANB Relation between the maxilla and the mandible. Angle: Point
A-Nasion-Point B

Wits appraisal
The sagittal disparity in the occlusal plane between Maxilla and Mandible.
Distance between projections from points A and B, drawn perpendicular to

the Occlusal plane (O)

L1-MDP The angle between the mandibular plane and the axis of the lower incisor.
The angle between the lower incisor axes and mandibular plane

IIA The posterior angle between the upper and lower incisor axes

Figure 2. Cephalometric parameters used in this study.
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Figure 3. Forest plots for sagittal measurements.

Figure 4. Forest plot of dental measurements.

3.4. Publication Bias

Graphical assessment of the funnel plot was assessed for publication bias. Statistical
test for publication bias was not appropriate due to the insignificant numbers (less than
ten) of the study included for MA. Funnel plots showed asymmetry, which may be due to
the small number of selected studies for the MA.

4. Discussion

This SR and MA compared the orthodontic surgery and orthodontic camouflage
treatment in C-III-M. This study included a total of six studies for the qualitative analysis
after conducting the literature search through different databases. This insignificant number
of selected studies indicates that further research needs to be conducted concerning C-III-M
to overcome the constraint of qualitative and quantitative secondary systematic studies.

This current SR included only the non-randomized retrospective observational studies.
A randomized clinical trial would not be ethical to compare the surgery and camouflage
treatment as the patients have the right to know and give consent about the surgical
procedure. Therefore, randomly selecting a patient for surgery or non-surgery is not an
option in these types of studies. This non-randomization process is one of the reasons
that most of the studies scored low in the quality assessment. Only two studies scored
19 which is considered moderate quality. Power analysis is another explanation due to
the lower scores as power analysis consists of a ‘5’ score in the modified Downs and
Black assessment [25]. Retrospective studies are mostly available of data-dependent, yet a
sample size calculation would strengthen the study design than the studies which followed
convenience sample techniques. Due to the lack of compliance with any methodological
guideline, studies may introduce bias caused by methodological inaccuracies [32].
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Studies that compared the different cephalometric measurements between the cam-
ouflage and surgical treatment of C-III-M were included in this SR. However, two studies
among the six selected studies were compared only to the pre-treatment cephalometric
radiographs [27,28]. Therefore, these two studies were excluded from the MA. Another
study compared the pre-treatment and post-treatment radiographs to compare the long-
term stability and satisfaction; therefore, to eliminate the heterogeneity this study was
also excluded from the MA as it slightly deviated from the aim of this SR [29]. Only the
studies which assessed the pre-treatment and post-treatment cephalometric measurements
for assessing the treatment effect were included for MA [15,30,31]. Although the aim of all
included studies was similar, the variation was observed in the measurement of cephalo-
metric variables. The most common skeletal variables (SNA, SNB, ANB and Wits appraisal)
were measured by all the included studies. Martinez et al. (2017) examined additional
skeletal variable facial angle (FA) [31], and Rabie et al. (2008) added maxillary mandibular
plane [15].

Rabie et al. (2008) found no significant difference among all the skeletal variables
included in the MA between the post-treatment orthodontic group and post-treatment
surgical group except the ANB [15]. In addition, Georgalis and Woods (2015) discovered a
significant difference concerning all variables except SNB between the two groups [30]. On
the other hand, Martinez et al. (2017) did not find a significant difference in Wits appraisal
between these two groups [31]. All the mean skeletal variables decreased in both treatment
procedures except the SNA observed increased by both Martinez et al. (2017) and Georgalis
and Woods (2015) in surgical treatment [30,31].

The most inconsistency was noted in dental variables. Only L1-MDP and IIA were
common dental measurements among these three studies. Georgalis and Woods (2015)
examined overjet (OJ), upper incisor to Sella Nasion plane (U1-SN), upper incisor to palatal
plane (U1-Pal), upper incisor to Nasion-Point A (U1-SA) and lower incisor to Nasion B
point (L1-NB) along with L1-MDP and IIA [30]. On the other hand, Rabie et al. (2008)
measured additional U1-SN for upper incisor which is coherent with Georgalis and Woods
(2015); however, Martinez et al. (2017) measured U1-Pal for upper incisor dental mea-
surement [15,30,31]. Hence, only IIA and L1-MDP were included in the forest plot. All
three studies included in the MA showed significant differences in L1-MDP and IIA in
both treatment groups [15,30,31]. Therefore, it is obvious that dental changes are consistent
in all the included studies where L1-MDP increases in surgical treatment and decreases
in camouflage treatment. Moreover, IIA decreases in surgical treatment and increases in
camouflage treatment. Georgalis and Woods (2015) found a decrease in IIA in camouflage
treatment, though significant differences were observed between both groups [30].

Although surgical treatment is more stable and provides a better outcome in C-III-
M [2,3], the current MA showed conflicting outcomes. Therefore, statistical heterogeneity
test I2 was observed which indicated significant heterogeneity in the selected study and ul-
timately suggest bias in the analyzed study [33]. Though clinical heterogeneity is constantly
persisting in the MA which may be due to the sample size, study design, intervention and
outcome of the selected studies. This quantitative analysis also denoted clinical heterogene-
ity based on the ethnic background as selected three studies in this MA were performed in
three different continents Asia, Europe and Oceania. Sample size would be another issue
as there is a variety of sample sizes in the included studies. In general, studies included
in this SR did not commence with similar treatment groups due to the non-randomized
nature of the studies. Moreover, there was limited information on whether the sample
represented the entire population or not. In addition, only one study performed the sample
size calculation [31]. Therefore, further studies are compulsory where these issues need to
be addressed. Other than the forest plots, visual observation of funnel plots is also showing
publication bias.

All the studies recruited patients who were showing skeletal C-III-M before starting
the orthodontic treatment with ANB value <0◦. However, C-III-M can be classified as mild,
moderate and severe. Rabie et al. (2008) and Georgalis and Woods (2015) mentioned recruit-
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ing borderline C-III-M patients in their study [15,30], whereas other studies only mentioned
the ANB value [27–29,31]. ANB value <0◦ could include mild, moderate and severe types
of C-III-M. Therefore, the treatment plan would vary based on the nature of the malocclu-
sion. The patients in both groups should present similar characteristics before starting any
comparison studies [34]; however, this MA only involved non-randomized observational
studies where pre-treatment characteristics should not impact the overall effect.

Treatment of C-III-M in adult patients has always been a challenge for orthodon-
tists [35]. Therefore, assessing and comparing the cephalometric variables in camouflage
and orthodontic surgery to estimate the treatment effect is important for appropriate treat-
ment planning depending on the patients’ profile. It is imperative to emphasize all the
cephalometric variables with large sample size. Cephalometric dental values are as im-
portant as skeletal values as in camouflage both upper and lower dentition change in the
greater value to compensate the skeletal deformities [36].

As per our best knowledge, this is the first SR and MA which compared the treatment
effects of orthognathic surgery and camouflage treatment of C-III-M. Different databases
were searched extensively to include a maximum number of studies for this systematic
review. Only six previous studies assessed the treatment effects of orthognathic surgery
and camouflage treatment of C-III-M. However, only three studies were included for the
MA. Though the most important skeletal variables could evaluate from this MA, the dental
and soft tissue variables were not fully explained. This SR fails to assess any changes in the
upper dentition and soft tissue changes due to the lack of similar measurements observed
in the selected studies. Therefore, it is understandable that more studies related to this topic
are necessary. The most important cephalometric variables for skeletal, dental and soft
tissue measurements should be extensively included in future studies for better comparison
of the orthognathic surgery and camouflage treatment of C-III-M.

5. Conclusions

The quality of evidence in comparing the treatment effect of orthognathic surgery
and orthodontic camouflage treatment of adult patients is low. Moreover, the overall
effect of quantitative analysis could not reflect the true difference due to the significant
heterogeneity. Therefore, further clinical studies with similar pre-treatment patient profiles
and with larger sample sizes are recommended.
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