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Abstract

Objective This systematic review evaluated the available evidence regarding the skeletal, dentoalveolar, and soft tissue
effects of orthodontic camouflage (OC) versus orthodontic-orthognathic surgical (OOS) treatment in borderline class III
malocclusion patients.

Methods Eligibility criteria. The included studies were clinical trials and/or follow-up observational studies (retrospective
and prospective). Information sources. PubMed, Scopus, Science Direct, Web of Science, Cochrane, and LILACS were
searched up to October 2021. Risk of bias. Downs and Black quality assessment checklist was used. Synthesis of results. The
outcomes were the skeletal, dentoalveolar, and soft tissue changes obtained from pre- and post-cephalometric measurements.
Results Included studies. Out of 2089 retrieved articles, 6 were eligible and thus included in the subsequent analyses. Their
overall risk of bias was moderate. Outcome results. The results are presented as pre- and post-treatment values or mean
changes in both groups. Two studies reported significant retrusion of the maxillary and mandibular bases in OC, in contrast
to significant maxillary protrusion and mandibular retrusion with increased ANB angle in OOS. Regarding the vertical jaw
relation, one study reported a significant decrease in mandibular plane inclination in OC and a significant increase in OOS.
Most of the included studies reported a significant proclination in the maxillary incisors in both groups. Three studies reported
a significant proclination of the mandibular incisors in OOS, while four studies reported retroclination in OC.

Conclusion Interpretation. The OSS has a protrusive effect on the maxillary base, retrusive effect on the mandibular base,
and thus improvement in the sagittal relationship accompanied with a clockwise rotational effect on the mandibular plane.
The OC has more proclination effect on the maxillary incisors and retroclination effect on the mandibular incisors compared
to OOS. Limitation. Meta-analysis was not possible due to considerable variations among the included studies. Owing to
the fact that some important data in the included studies were missing, conducting further studies with more standardized
methodologies is highly urgent. Registration. The protocol for this systematic review was registered at the International
Prospective Register of Systematic Reviews (PROSPERO, No.: CRD42020199591).

Clinical relevance The common features including skeletal, dental, and soft tissue characteristics of borderline class III
malocclusion cases make it more difficult to select the most appropriate treatment modality that can be either OC or OOS.
The availability of high-level evidence—systematic reviews—makes the clinical decision much more clear and based on
scientific basis rather than personal preference.

Keywords Class III malocclusions - Dentoalveolar - Orthodontic camouflage - Orthodontic-orthognathic surgery - Skeletal
effect
Introduction

Rationale

Malocclusion is the third most common oral health prob-
lem following caries and periodontal diseases [1, 2]. Based
on a recent systematic review, the worldwide prevalence of
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class III malocclusion in the permanent dentition is esti-
mated as low as 0.7% in Israel to as high as 19.9% in China
[3]. Although it is less prevalent than other malocclusions
traits, it is associated with the greatest facial disfigurement
[4]. This type of malocclusion is referred to as a hetero-
geneous clustering of dentofacial anomalies characterized
predominantly by forward positioning of the mandible rela-
tive to the maxilla either as an isolated trait or as a part of
a syndrome [5].

Treatment of class III malocclusion is age and severity
dependent. During childhood, the treatment is age depend-
ent as it can be orthopedically treated through maxillary
advancement using reverse traction forces by face mask
appliance in the pre-pubertal age. During adulthood, the
treatment is severity dependent; mild class III malocclu-
sion with acceptable facial profile can be managed through
camouflage: a compensatory orthodontic treatment that
involves displacing teeth relative to their supporting bone
to mask for an underlying jaw discrepancy [6] with an ulti-
mate aim of attaining acceptable occlusion, esthetics, and
function [7, 8] while severe cases with unacceptable facial
profile are only amenable to orthognathic surgery, which
includes maxillary advancement, mandibular setback, or
a combination of both. The aforementioned orthognathic
surgery is mostly preceded by conventional orthodontic
treatment phase.

Between these two extremes of severity, there are border-
line class IIT malocclusion cases that require special atten-
tion and detailed analysis in order to choose any of the above
two mentioned therapeutic approaches. The following must
be cautiously considered ahead of treatment selection: (1)
the extent of facial impairment and its importance to the
patient; (2) the anteroposterior position and inclination of
maxillary and mandibular incisors; (3) the degree of pro-
trusion of the mandibular symphysis; and (4) the patient
acceptance of the selected option [8, 9].

Several studies compared the skeletal and dentoalveolar
effects of orthodontic camouflage (OC) versus orthodontic-
orthognathic surgical (OOS) treatment of borderline class I1I
malocclusion. Douzartzidis et al. [10] reported more attrac-
tive facial profile among OC compared to OOS. On the other
hand, Adamian concluded that both treatments resulted in
similar/comparable esthetic improvement in profile attrac-
tiveness [11].

Objectives
The aim of this systematic review was to assess the available
evidence regarding the skeletal changes and to evaluate the

dentoalveolar and soft tissue effects of OC versus OOS treat-
ment in borderline class III malocclusion patients.
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Materials and methods
Protocol registration

The study protocol was registered at the International Prospec-
tive Register of Systematic Reviews (PROSPERO; Registra-
tion Number: CRD42020199591) and was conducted accord-
ing to the guidelines of the Cochrane Handbook for Systematic
Reviews of Interventions (http://ohg.cochrane.org).

PICOS question and eligibility criteria

Table 1 shows the PICOS (Population, Intervention, Com-
parison, Outcome and Study design) components along with
the inclusion and exclusion criteria.

Information sources, search strategy, and study
selection

Two groups of co-authors (two co-authors each) performed
an independent comprehensive search in August 2020 in the
following six search engines/databases: PubMed, Scopus,
ScienceDirect, Web of Science, Cochrane, and LILACS. The
search was updated in October 2021, and augmented with
a manual search in the reference lists of the included stud-
ies. The search keywords of each component of the PICOS
question are listed in Table 1.

Two co-authors (M.A. and E.H.) independently screened
the retrieved studies for potential inclusion. In brief, dupli-
cates were removed. Then, the titles and abstracts of the
remaining articles were screened, and the irrelevant studies
were excluded. The full texts of the remaining articles were
thoroughly read, and the irrelevant studies were removed.
At this stage, the potentiality of the remaining studies to
be included was independently assessed by all co-authors.
Disagreements, if any, were resolved via consensus. This
systematic review was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [12].

Data collection

Data extraction was performed independently by two co-
authors (M.A. and A.A.), and disagreements, if any, were
discussed with a third co-author (E.H.). The procedure fol-
lowed a pre-designed template. The following qualitative
and quantitative data were extracted: author and year of pub-
lication; study design; setting; sample selection criteria and
sample size; gender; age of patients; type of surgery; geni-
oplasty; pre-surgical extraction therapy; surgical technique/
type of fixation; method of compensation or camouflage;
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Table 1 PICOS components, inclusion and exclusion criteria, and search keywords used for the study selection

Exclusion criteria

Components Inclusion criteria

Patients with craniofacial anomalies and/or skeletal asymmetries

Adult patients with skeletal class IIT malocclusion

Participants

Keyword: Skeletal class III malocclusion, skeletal class III, mandibular prognathism, mandibular protrusion, mandibular hyperplasia, maxillary retrusion, maxillary hypoplasia,

maxillary retrognathism, angle class III

Orthopedic or interceptive or early treatment

Intervention Orthognathic

Keyword: Orthognathic surgery, orthognathic surgeries, maxillofacial orthognathic surgery, maxillofacial orthognathic surgeries, orthognathic surgical procedure, orthognathic

surgical procedures, mandibular surgery, mandibular surgeries, surgical procedure, surgical procedures, jaw surgery, jaw surgeries

Studies with no control group

Orthodontic camouflage

Comparator

Keyword: Orthodontic treatment, camouflage treatment, comprehensive treatment, adult treatment

Outcomes other than skeletal and dentoalveolar and soft tis-

Primary outcome: skeletal change

Outcome

sue changes

Secondary outcomes: dentoalveolar and soft tissue changes

Case reports, case series, literature reviews, systematic review,

Study design Longitudinal (retrospective or prospective) studies, and controlled and non-controlled clinical trials

opinion articles, book chapters

pattern of extraction treatment; method of outcome assess-
ment (2D/3D); and the outcomes measured for assessment of
skeletal, dentoalveolar, and soft tissue profile. The treatment
changes in (or pre- and post-measurements of) skeletal, den-
toalveolar, and soft tissue outcomes obtained from cepha-
lometric measurements were retrieved for each individual
group (OC and OOS). The most commonly used measure-
ments describing the following were obtained: maxillary
base position (SNA), mandibular base position (SNB), sagit-
tal skeletal relation (ANB), vertical skeletal relation (MPA),
maxillary incisor inclination, mandibular incisor inclination,
upper lip position, lower lip position, and nasolabial angle.

Primary outcome

The primary outcome included the following skeletal
changes: (1) maxillary skeletal position, (2) mandibular
skeletal position, (3) sagittal skeletal jaw relation, (4) verti-
cal skeletal jaw.

Secondary outcomes

The secondary outcomes were the dentoalveolar and soft
tissue changes which could be classified under five catego-
ries: (1) maxillary incisor inclination, (2) mandibular inci-
sor inclination, (3) upper lip position/E-line, (4) lower lip
position/E-line, and (5) nasolabial angle.

Risk of bias

The risk of bias was assessed following Downs and Black
checklist for assessment of the methodological quality of
non-randomized studies [13]. The checklist comprises a
total of 27 items distributed between 5 sub-scales with a
maximum score of 32 points: 10 items for quality of report-
ing, 3 items for external validity, 7 items for internal valid-
ity in term of bias, 6 items for internal validity in terms of
confounding, and 1 item for statistical power. The assess-
ment was done independently by two co-authors (M.A. and
E.H.), and disagreements, if any, were resolved via consen-
sus. The studies were categorized as low, medium, and high
levels of quality if their scores were <16, 17-26, and 27-32,
respectively.

Statistical analyses

Only two included studies [14, 15] reported the mean
changes (the difference between pre- and post-treatment
measurements) of some of the outcomes of interest. How-
ever, these two studies applied different protocols of extrac-
tion or non-extraction in both OC and OOS groups. The
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other included studies [16—19] did not report the mean
changes. Hence, we sent several emails to the correspond-
ing authors, but no response has been received until the time
of writing up this article (supplementary material 1). Owing
to the lack of the mean changes of the included outcomes
and the substantial heterogeneity among the included stud-
ies, meta-analyses were not conducted. Instead, the included
studies were analyzed qualitatively.

Results
Study selection

The PRISMA [20] flow chart (Fig. 1) presents the results of
the search process. A total of 2089 studies were retrieved,
of which 662 were excluded as internal and external dupli-
cates. After screening the remaining 1427 by titles and
abstracts, 1366 were excluded due to being irrelevant to the
review question. The full texts of the remaining 61 studies
were thoroughly read, and 55 were excluded due to differ-
ent reasons (listed in Fig. 1 and presented in supplementary
material 2). The remaining six studies were included in the
subsequent analysis.

Characteristics of the participants and interventions
Table 2 presents the characteristics of the included studies,

and details on the procedures and patients’ demographics.
All the six studies were of retrospective follow-up design.

@ Springer

The inclusion and exclusion criteria were almost the same
across the included studies except for Barodiya et al. [16]
who selected cases with dental class III although ANB angle
was 1 to 4° and the overjet was 1 to 4 mm. In general, the
included cases were patients with skeletal class III maloc-
clusion in a non-growing patient with mostly mandibular
protrusion, and among the exclusion criteria were noticeable
transversal difference, cleft, and/or syndromic diseases.

A total of 412 participants were enrolled in all studies.
Two hundred and ten participants were enrolled in the OC,
with four studies [15-17, 19] reporting the gender distribu-
tion (46 males and 104 females), while the other two studies
[14, 18] did not do so. Two hundred and two were enrolled
in OOS, with four studies [15-17, 19] reporting the gender
distribution (51 males and 82 females), while the other two
studies [14, 18] did not do so. Three studies mentioned the
mean age of OC ranging from 16.2+4.9 [17] to 23.2+2.6
[15] years, and of OOS ranging from 19.1+2.14 [19] to
23.2+2.6 [15] years. One study [15] calculated the sample
size in advance.

In OC, two of the included studies [17, 18] reported
extraction treatment, one study [15] reported non-extraction
treatment, and one study [14] reported both options, while
two studies [16, 19] did not report the camouflaging method.
In OOS, two studies [16, 19] reported performing bimaxil-
lary surgery for all participants, while the remaining studies
conducted either maxillary advancement, mandibular set-
back, or bimaxillary surgery. Regarding the extraction treat-
ment in the pre-surgical orthodontic phase, one study [14]
reported extraction or non-extraction based on the selected
case, one study [15] reported that no extraction was done
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Table 2 (continued)

Outcomes

Comparison: orthodontic camouflage treatment

Study

Soft tissue

Dentoalveolar

Skeletal

Method

Extractions (yes/no)

Method

Surgery

Ul inclination (U1/SN),
L1 inclination (L1/MP)

SNA, SNB
ANB

2D

18 patients (34, 44)

Extraction or non-extraction treat-

Georgalis and Woods '* 2015

Upper lip-E plane (*)
Lower lip-E plane (*)

Nasolabial (*)
Camouflage

13 patients (non-extraction)

ment only

Upper lip-E plane (*)

Lower lip-E plane (*)

Nasolabial (*)
Not available

Ul inclination (U1/PP),
L1 inclination (L1/MP)
Ul inclination (U1/FH),
L1 inclination (L1/MP)

ANB, MPA

SNA, SNB
SNA, SNB

2D

NA

Non-extraction treatment only

Marteniz et al."> 2016

Not available

Not available NA 2D

Barodiya et al.'® 2021

ANB, MPA

during this phase, while four studies [16—19] did not report
this point. One study [14] reported that genioplasty was not
part of the surgical intervention while the other five studies
[15-19] did not report this. Three studies [16, 18, 19] men-
tioned that rigid fixation was performed during the surgery
while the other studies [14, 15, 17] did not report the used
fixation technique.

As four studies [14, 15, 17, 18] reported the significant
values of comparisons between pre- and post-treatment in
both studied groups, unlike the other two studies [16, 19]
which did not do so, the results of these four studies are
presented in the following sections.

Primary outcome

Regarding the skeletal changes, Table 3 summarizes the
results of the anteroposterior and vertical skeletal effects of
the OC and OOS. Regarding the anteroposterior plane, two
studies reported maxillary base retrusion (based on SNA
angle: 0.1+1.2° [14] and 0.29 +£2.1° [15]) while two studies
[17, 18] reported no significant changes in OC. On the other
hand, three studies reported significant protrusion of maxillary
base (3.4+2.5° [14], 3.20+4.3° [15], and 2.3° [18]) while
the fourth one [17] reported no significant effect in OOS. Two
studies reported mandibular retrusion (based on ANB angle:
0.2+1.8°[14] and 0.77 +1.7° [15]) in OC, while all studies
[14, 15, 17, 18] showed significant mandibular retrusion in
OOS (from as low as 0.79 [15] to as high as 3.45 [17]).

Two studies reported a significant increase in the anter-
oposterior jaw relation (based on ANB angle: 0.3 +1.17°
[14] and 0.92+1.9° [15]) in OC. This jaw relation was
reported to be increased more significantly in OOS: from
as low as 3.97° [18] to as high as 5.3° [14]. The vertical jaw
relation was evaluated by two studies using two different
planes, SN/Go-Me [17] and SN/Ag-Me [15]. One study [17]
recorded insignificant change of the mandibular plan angle
(MPA) in OC and OOS, while the other study reported a
statistically significant decrease in OC by 0.96+1.6°, but
significant increase in OOS by 2.17+12.3° [15].

Secondary outcomes

For dentoalveolar changes, Table 4 shows the results of
the treatment effect on the maxillary and mandibular inci-
sor inclination. Three studies [14, 17, 18] evaluated the
maxillary incisor inclination relative to the SN plan, while
Martinez et al. [15] used the palatal plane as a reference.
The proclination effect of OC ranged from as low as 5.31°
[18] to as high as 5.6° [14], while it ranged from as low as
4.2+6.7° [15] to as high as 7.6 +7.4° [14] in OOS.

The inclination of the mandibular incisors was meas-
ured relative to the mandibular plan in all included studies.

@ Springer
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Table 3 (continued)

Vertical skeletal relation

Sagittal skeletal relation

(ANB°®)

Mandibular base position

(SNB®)

Maxillary base position

(SNA®)

Author
(year)

or SN/Go-Gn°, SN/Go-Me or

SN/Ag-Me or FH/Go-Me)

(MPA =

[reference]

Sig

Post-

Pre-

Sig

Post-

Pre-

Sig

Pre- Post-

Sig

Post-

Pre-

30.28+5.87 NR

2.01+£1.34 NR 32.19+3.98

—-3.12+1.94

NR

82.12+3.09

85.25+1.34

84.13+3.12 NR

82.13+1.12

Barodiya
etal.!®

2021

SNAC® the angle between 3 point landmarks, S, N, and A point, determining the anteroposterior position of the maxilla relative to the cranial base

SNB°®, the angle between 3 point landmarks, S, N, and B point, determining the anteroposterior position of the mandible relative to the cranial base

ANB?®, the angle between 3 point landmarks, A point, N and B point, determining the anteroposterior relation between maxilla and the mandible relative to the cranium

MPA®, the angle between the line S-N and the mandibular plane, measuring the mandibular base tipping relative to the cranium

Significant

s

NS, not significant;

NR, not reported;

NE, not evaluated

The treatment effect on the inclination of the mandibular
incisors was significant retroclination in OC ranging from
as low as 1.4° [14] to as high as 7.09° [17], while it was
significant proclination in OOS by 7.11° [17], 7.6° [14],
and 7.9° [15].

Regarding soft tissue parameters, two studies [14, 17]
reported the soft tissue outcomes, but using different param-
eters. While Rabie et al. [17] measured Holdaway and Z
angles, Georgalis and Woods [14] measured the upper and
lower lip positions relative to the E-line and the nasolabial
angle. The former study [17] reported significant increase in
the Z angle but insignificant changes in the Holdaway angle
in OC; opposite findings were reported in OOS. The lat-
ter study reported significant improvement in the upper lip
position (0.3 + 1.6 mm), lower lip position (— 1.2+ 1.7 mm),
and nasolabial angle (—1.3+8°) in OC, and significant
changes in the upper lip position (3.3 + 1.5 mm), lower lip
position (0.2 + 1.5 mm), and nasolabial angle (4.7 +9.3°)
in the OOS [14].

Quality assessment

Table 5 presents the summary scores of the risk of bias
based on the Downs and Black checklist. All studies
showed a moderate overall risk of bias. Most of the short-
comings were attributed to the lack of external validity
and the power of the study. The substantial heterogeneity
among the included studies precluded conducting meta-
analyses. Detailed scores of the individual items for the
risk of bias of the Downs and Black checklist are pre-
sented in supplementary material 3.

Discussion

Orthodontic diagnosis and treatment planning of class III
malocclusion is critical and depends on several factors.
Severity is the key among these factors, and it ranges from
mild dentoalveolar to severe skeletal problems. Generally,
OC by dentoalveolar compensation is recommended for
milder discrepancies, while OOS is recommended to non-
growing patients with more serious dentoalveolar and/or
skeletal discrepancies. “Borderline cases” is a term that
refers to cases with mild to moderate skeletal discrepancy
that can be treated by either OC or OOS. The decision,
however, is quite difficult, and largely depends on the
benefit-to-risk ratio. The selection of the cases to suit one
of these two modalities is mostly based on clinical exami-
nation and cephalometric analysis of sagittal and vertical
skeletal parameters, degree of dentoalveolar compensa-
tion, and facial esthetics; the patient’s preference is not to
be overlooked.

@ Springer



Clinical Oral Investigations (2022) 26:6443-6455

6452

payiodar jou YN
Sueoyrugis jou ‘SN
JuedyIusIS

Josrour Je[nqrpuew papnynoid 3sow ay} Jo sixe Suof oy pue dueld Je[nNQIPULT Y} USIMISQ PIULIO] J[Sue a3 . VI

Jostour Are[[rxew papnnoid jsouwr oy Jo srxe 3uof 9y} pue sue[d [BJUOZLIOY JIOP[URL] 9} U2am)aq pauLiof d[3ue oy ‘F.4/11

Jostour Are[[rxew papnioid 3sow ay) Jo srxe Suof 9y pue sueld aseq [BIULIO Y} USIM)IG PAULIO] d[Sue ay) ‘ NS/I/2

Jostour Are[[rxewt papnnoid jsouwr oy jo srxe 3uof ay) pue sue[d [ejered o) usamieq pawrioj o[3ue oY) ‘', dd/I

AN PE9FGL8S CI9+95°18 AN T69FET 0L CLSF60TL 120T 4, Te 10 eATpOIRg
* ¥ ETFL'80T 01 ++01 VIN * LOTIF+768 L8FSLL * 9LF 6911 SCFLTIT 910C ;[ I° ZIUdIRIN
* 1S9F L8 €8+86L * WLFTTIT 8+601 ST0T 4, SPOOM PUE ST[eSI000)
* LEFOT— TYFTI— Qul-g/T1 AN PE9FGL8S CI'9F95°18 AN T69FET0L TLSF60TL €10 ¢ 'Te 30 Suory
SN LF€098 8§+¢¢y * 1S6F66' 111 ¥'8F L8801 600T g Te 30 K01,
* LEFTeE— YEF99— Sul-4/10 * 196'LF 2016 L60TF1698 SN €T'8+8CLOT LOTT+¥L°80T 800C ,;'Te 10 d1qey
S10T 4, SPOOM pue sI[e31090 K1331ms osnyjeuSoy)iQ
AN €T8F6TEL 6CYF81°08 AN CULFTI09 E8YFI0TL 120T 4, Te 10 eATporeq
* 1'6FL'80T 96F0T11 VIN * T1'8F96L 9+798 SN €6FLITT SSFVIT 910T ¢; T 10 ZIUAIe N
* TLSFLT8 89F€ V8 * 19LF8TIT L9FTLOT ST0T 4, SPOOM PUE ST[eSI000)
* LTFvT— IeEFeT— Sul-H/T1 AN €T8F6TEL 607 F81°08 AN CULFTI09 E8YFI0TL €10 ¢ 'Te 30 Suory
* 18°LFL198 89FLOT6 * L9FLTo11 L'9F96101 600T g, Te 30 Ko1],
* STFES— 9CTF0S— ul-4/71N * 165°9F 5998 ELFYLE6 SN 88y +1CT0TT C09FILTIT 800C ,;'Te 190 dIqey
ST0T 4, SPOOM pue sI[e31090) a3egnouwre)

31 1804 -a1q S9[qeLIBA 9NSST) 1JOS 315 1804 -a1d 315 1804 -a1d
[(Vv7IN) S[3ue [eiqejoseu pue (cVdIND (H4/101 106 NS/101 10 dd/10) [eouaiaga1]
aur-gyuonisod (77) dif 1amoy ‘aurf-gyuonisod (10) dif redd] UOTIRUI[OUT JOSTOUT JR[NQIPUBIA UOTIRUI[OUT JOSTOUT ATR[[TXBIAl (1e9K) 0PNy

sarpmys papnpour oy ut sdnoig £1o51ms oryjeusoyiio pue aSeynowed Y} Ul S[qELIBA JNSST} }JOS PUE JR[OA[EOJUSP Judwiean-isod pue -a1d Jo Arewrwing ¢ a|qe]

pringer

Qs



Clinical Oral Investigations (2022) 26:6443-6455

6453

Table 5 Risk of bias based on the Downs and Black checklist (full details presented in the supplementary material)

Study Reporting External Internal valid- Internal validity—Confounding ~ Power (Q27) Final score
(Q1-Q10) validity ity—Bias (selection bias) (Q21-Q26)
(Q11-Q13) (Q14-Q20)
Rabie et al.'” 2008 7 0 6 6 0 19
Troy et al.’® 2009 9 0 7 4 2 22
Xiong et al.23 2013 7 0 8 4 0 19
Georgalis and Woods 4 2015 11 0 7 6 0 24
Marteniz et al.'s 2016 11 0 8 4 2 25
Barodiya et al.'® 2021 7 0 8 4 0 19
Primary outcome in both studied groups. This change was clinically insignifi-

This systematic review revealed that OC has a protrusive
effect on the maxilla. Although some of these studies
reported such a protrusion to be statistically significant, it
is not so from a clinical point of view. Anyhow, this can be
ascribed to the effect of the dentoalveolar protrusion aided
by proclination of the maxillary anterior teeth. Al-Nimria
et al. [21] claimed that the position of point A is affected
by local bone remodeling associated with proclination of
the upper incisor in class II division 2 malocclusions. The
effect in OOS was exclusively protrusive and of clinical
significance, ranging from 2.3 [18] to 3.4° [14]; this is log-
ical with bimaxillary (or maxillary advancement) surgical
modalities which entails advancing the maxilla. Overall,
OSS has clinically protrusive effect on the maxillary base
compared to clinically insignificant effect of OC.

Regarding the treatment effect on the mandibular base,
only two of the included studies [14, 15] showed that
OC had statistically significant retrusive effect in OC,
although that effect cannot be considered clinically sig-
nificant. This can be attributed to the border line change
in the point B position in the horizontal direction follow-
ing mandibular incisor retraction either by extraction or
non-extraction therapy. Al-Abdwani et al. [22] evaluated
changes in the cephalometric position of point B due to
mandibular incisor inclination caused by orthodontic treat-
ment and reported that each 10° change in the mandibular
incisor inclination results in a borderline average change
in point B of 0.3 mm in the horizontal plane. Contrast-
ingly, the effect on the mandibular base was totally retru-
sive in all included studies in OOS, with marked clinical
significance; this is clearly due to the mandibular setback
component of the bimaxillary surgery. Overall, OOS has
more clinically retrusive effect on the mandibular base
compared to clinically insignificant effect by OC.

The collective effect of maxillary base protrusion and
mandibular base retrusion, either due to the changes in the
incisor inclination or due to the basal surgical procedures,
results in reducing effect in the sagittal skeletal discrepancy

cant in the OC, but statistically and clinically significant in
OOS (between 3.97 [18] and 5.3° [14]).

Regarding the vertical jaw relation, it is worthy to men-
tion that only two studies [15, 17] reported a statistically sig-
nificant increase in the mandibular plan angle in OC. More
significant increase was reported by all included studies in
0OOS. Overall, OOS has more clinically clockwise rotational
effect compared to clinically insignificant effect of OC.

Secondary outcomes

The present systematic review shows that OC had a pro-
clination effect on the maxillary incisors, which was seen
more prominently and of a clinical significance in Troy et al.
(5.31°) [18] and Georgalis and Woods (5.6°) [14] studies,
in contrast to Rabie et al. [17] and Marteniz et al. [15] who
reported no change. Such a change is normal compensa-
tion effect of the skeletal discrepancy. Similar proclination
effect was reported by three studies [14, 15, 18] in OOS,
although it is expected to be a retroclination effect as a mean
of decompensation in the orthodontic phase prior to the sur-
gical phase. This indicates that the decompensation phase
in these studies was based on non-extraction treatment. As
presented in Table 2, Martinez et al. [15] prepared the OOS
cases by non-extraction protocol, and most of OOS cases in
Georgalis and Woods [14] study followed the same protocol,
while Troy et al. [18] did not report this. Overall, OC has
more clinically proclination effect on the maxillary incisors
compared to the clinically insignificant effect by OOS.
Inclination of the mandibular incisors is a critical factor
during either the compensation treatment of camouflaged
cases or decompensation phase of orthognathic surgical
cases. Alhammadi [23] reported a significant correlation
between the degree of the mandibular incisor inclination
and the sagittal jaw relation; class III malocclusion showed
the highest correlation (r=0.346). In the current systematic
review, all the included studies [14, 15, 17, 18] showed a
significant retroclination of the mandibular incisors in OC,
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while three studies [15, 17, 18] reported a proclination effect
in OOS. Indeed, this is the main play zone in either the cam-
ouflage or the surgical therapy. Overall, OC has a clinically
significant retroclination effect on the mandibular incisors,
while OOS has a clinically proclination effect.

The soft tissue outcomes of interest were not reported
well in most of the included studies. Only one study reported
the changes in the upper and lower lips and the nasolabial
angle. Clinically, the effect was protrusive on the upper lip
and retrusive on the lower lip by OOS and OC, respectively.
All the other changes were not of clinical value.

Basically, the most important factor that aids to decide
which treatment modality (either OC or OOS) is more effec-
tive in treatment of borderline class III is the changes in
the soft tissue profile, even from patients’ point of view.
Unfortunately, this decisive outcome was reported by only
one study. Accordingly, it is highly recommended to include
these outcomes in any future studies.

Limitations

In addition to the small number of studies, the overall qual-
ity of the included studies was moderate. Indeed, the more
the number of the included clinical trials, the less the risk
of bias. Pooling together the prospective and retrospective
studies was one serious limitation. The invasive nature of
orthognathic surgery, when discussed with the patients in
context of research project, directs them to choose the less
invasive procedures. Hence, many researchers resort to pool
the already recoded data on such invasive procedures for bet-
ter understanding of their effects. Further limitation was that
meta-analysis was not possible due to considerable variations
among the included studies with regard to study design, main
outcomes, included cases, and applied protocol. Another
limitation was that we used Downs-Black checklist to assess
the risk of bias. Although this checklist was used in many
similar reviews, it is recommended for any future research to
use Cochrane RoB (for RCT) or ROBINS-I (for NCT) assess-
ment tools: the more relevant and updated tools in this regard.
Only English studies were included, and this was another
limitation. Hence, the reported treatment effects should be
interpreted with caution. Moreover, standardization of gender
and participants’ characteristics; pattern of extraction in both
groups; and comprehensive outcomes assessment including
detailed soft tissue analysis are advised for future studies.

Conclusions
Keeping in mind the limitations of this review and the mod-

erate quality of the included studies, the following can be
concluded:

@ Springer

1. OSS has a clinically significant protrusive effect on
the maxillary base accompanied with a clinically significant
retrusive effect on the mandibular base compared to the clini-
cally insignificant effect by OC on the same.

2. OSS has a clinically significant improvement in the
sagittal relationship accompanied with clockwise rotational
effect on the mandibular plan compared to the clinically
insignificant effect by OC on the same.

3. OC has a clinically significant proclination effect
on the maxillary incisors and a clinically significant
retroclination effect on the mandibular incisors com-
pared to the clinically significant proclination effect
in OOS.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00784-022-04685-6.

Author contribution Maged S. Alhammadi: conceptualization, super-
vision, writing original draft preparation, reviewing, and editing. Abeer
A. Almashragqi: review steps of methodology, supervision, reviewing,
and editing. Ahmed Hassan Khadhi, Khalid Abdullrahman Arishi,
Abdelhamid Aidarous Alamir, Essa Mohammed Beleges: methodol-
ogy and conduction of the study. Esam Halboub: reviewing and editing.
The authors read and approved the final manuscript.

Funding Open Access funding provided by the Qatar National Library.

Declarations

Ethical approval This article does not contain any studies with human
participants performed by any of the authors.

Informed consent For this type of study, formal consent is not required.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. GuolL, Feng Y, Guo HG, Liu BW, Zhang Y (2016) Consequences
of orthodontic treatment in malocclusion patients: clinical and
microbial effects in adults and children. BMC Oral Health
112:1-7

2. Alhammadi MS, Almashraqi AA, Halboub E, Almahdi S, Jali T,
Atafi A et al (2019) Pharyngeal airway spaces in different skeletal
malocclusions: a CBCT 3D assessment. Cranio 39:97-106


https://doi.org/10.1007/s00784-022-04685-6
http://creativecommons.org/licenses/by/4.0/

Clinical Oral Investigations (2022) 26:6443-6455

6455

10.

11.

12.

13.

14.

Alhammadi MS, Halboub E, Fayed MS, Labib A, El-Saaidi C
(2018) Global distribution of malocclusion traits: a systematic
review. Dental Press J Orthod 23:40.e41-40.e10

Berto PM, Lima CS, Lenza MA, Faber J (2009) Esthetic effect
of orthodontic appliances on a smiling face with and without a
missing maxillary first premolar. Am J Orthod Dentofacial Orthop
135:555-60

de Frutos-Valle L, Martin C, Alarcon JA, Palma-Fernandez JC,
Iglesias-Linares A (2019) Subclustering in skeletal class III phe-
notypes of different ethnic origins: a systematic review. J Evid
Based Dent Pract 19:34-52

Janson G, de Souza JEP, de Andrade AF, Andrade P Jr, Nakamura
A, de Freitas MR et al (2005) Extreme dentoalveolar compen-
sation in the treatment of Class III malocclusion. Am J Orthod
Dentofacial Orthop 128:787-794

LinJ, Gu'Y (2003) Preliminary investigation of nonsurgical treat-
ment of severe skeletal class III malocclusion in the permanent
dentition. Angle Orthod 73:401-410

Araujo MTdS, Squeff LR (2021) Orthodontic camouflage as a
treatment alternative for skeletal class III. Dental Press J Orthod
26(4):e21bbo4:1-28

Farret MM (2016) Orthodontic retreatment using anchorage with
miniplate to camouflage a class III skeletal pattern. Dental Press
J Orthod 21:104-115

Phillips C, Trentini CJ, Douvartzidis N (1992) The effect of treat-
ment on facial attractiveness. J Oral Maxillofac Surg 50:590-594
Adamian M (2011) Profile attractiveness in borderline class III
surgical/orthodontic cases. Loma Linda University Electronic
Theses, Dissertations & Projects 14

Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G et al
(2009) Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: the PRISMA statement. Chin J Integr Med 7:889-896
Downs SH, Black N (1998) The feasibility of creating a check-
list for the assessment of the methodological quality both of ran-
domised and non-randomised studies of health care interventions.
J Epidemiol Community Health 52:377-384

Georgalis K, Woods MG (2015) A study of class III treatment: ortho-
dontic camouflage vs orthognathic surgery. Aust Orthod J 31:138-148

Authors and Affiliations

Maged S. Alhammadi'?

15.

16.

17.

19.

20.

21.

22.

23.

Martinez P, Bellot-Arcis C, Llamas J, Cibrian R, Gandia J, Pare-
des-Gallardo V (2017) Orthodontic camouflage versus orthog-
nathic surgery for class III deformity: comparative cephalometric
analysis. Int J Oral Maxillofac 46:490-495

Barodiya A, Thukral R, Chauhan SP, Solanki SKS, Goswami T,
Singh TN (2021) A comparison of long-term stability and satis-
faction in moderate skeletal class III patients treated with ortho-
dontic camouflage versus orthognathic surgery. Ann Romanian
Soc Cell Biol 25:16491-16497

Rabie A-BM, Wong RW, Min G (2008) Treatment in borderline
class III malocclusion: orthodontic camouflage (extraction) versus
orthognathic surgery. Open Dent J 2:38-48

. Troy BA, Shanker S, Fields HW, Vig K, Johnston W (2009) Com-

parison of incisor inclination in patients with class III malocclu-
sion treated with orthognathic surgery or orthodontic camouflage.
Am J Orthod Dentofacial Orthop 135:¢141-146

Xiong X, Yu Y, Chen F (2013) Orthodontic camouflage versus
orthognathic surgery: a comparative analysis of long-term stabil-
ity and satisfaction in moderate skeletal Class III. Open J stomatol
3:el41-146

Stewart LA, Clarke M, Rovers M, Riley RD, Simmonds M,
Stewart G et al (2015) Preferred Reporting Items for Systematic
Review and Meta-Analyses of individual participant data: the
PRISMA-IPD statement. JAMA 313:1657-1665

Al-Nimri KS, Hazza’a AM, Al-Omari RM (2009) Maxillary inci-
sor proclination effect on the position of point A in class II divi-
sion 2 malocclusion. Angle Orthod 79:880-884

Al-Abdwani R, Moles DR, Noar JH (2009) Change of incisor
inclination effects on points A and B. Angle Orthod 79:462-467
Alhammadi MS (2019) Dentoalveolar compensation in different
anterioposterior and vertical skeletal malocclusions. J clin exp
dent 11(8):e745-e753

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Abeer A. Almashragi® - Ahmed Hassan Khadhi* - Khalid Abdullrahman Arishi* -

Abdelhamid Aidarous Alamir* - Essa Mohammed Beleges* - Esam Halboub>®

Maged S. Alhammadi
magedorth@gmail.com

Ahmed Hassan Khadhi
Hmadh1101 @hotmail.com

Khalid Abdullrahman Arishi
khalid6142 @hotmail.com

Abdelhamid Aidarous Alamir
Dr.alamir7 @hotmail.com

Essa Mohammed Beleges
3eesa69 @gmail.com

Esam Halboub
mhelboub@gmail.com

Department of Preventive Dental Sciences, College
of Dentistry, Jazan University, Jazan, Saudi Arabia

2

Department of Orthodontics, Pedodontics and Preventive
Dentistry, Faculty of Dentistry, Postgraduate Orthodontic
Program, Sana’a University, Sana’a, Yemen

Department of Pre-Clinical Oral Health Sciences, College
of Dental Medicine, QU Health, Qatar University, Doha,
Qatar

Internship Program, College of Dentistry, Jazan University,
Jazan, Saudi Arabia

Department of Maxillofacial Surgery and Diagnostic
Sciences, College of Dentistry, Jazan University, Jazan,
Saudi Arabia

Department of Oral Medicine, Oral Radiology, and Oral
Pathology, Faculty of Dentistry, Sana’a University, Sana’a,
Yemen

@ Springer


http://orcid.org/0000-0002-1402-0470

	Orthodontic camouflage versus orthodontic-orthognathic surgical treatment in borderline class III malocclusion: a systematic review
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 
	Clinical relevance 

	Introduction
	Rationale
	Objectives

	Materials and methods
	Protocol registration
	PICOS question and eligibility criteria
	Information sources, search strategy, and study selection
	Data collection
	Primary outcome
	Secondary outcomes
	Risk of bias
	Statistical analyses

	Results
	Study selection
	Characteristics of the participants and interventions
	Primary outcome
	Secondary outcomes
	Quality assessment

	Discussion
	Primary outcome
	Secondary outcomes
	Limitations

	Conclusions
	References


