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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 III 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 III 
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.

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.​cochr​ane.​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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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. 

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 

Fig. 1   PRISMA diagram of 
article retrieval
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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. Ta
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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.SN
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Primary outcome

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 

in both studied groups. This change was clinically insignifi-
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 
OOS. 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, 

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

Study Reporting 
(Q1–Q10)

External 
validity
(Q11–Q13)

Internal valid-
ity—Bias
(Q14–Q20)

Internal validity—Confounding 
(selection bias) (Q21–Q26)

Power (Q27) Final score

Rabie et al.17 2008 7 0 6 6 0 19
Troy et al.18 2009 9 0 7 4 2 22
Xiong et al.23 2013 7 0 8 4 0 19
Georgalis and Woods 14 2015 11 0 7 6 0 24
Marteniz et al.15 2016 11 0 8 4 2 25
Barodiya et al.16 2021 7 0 8 4 0 19
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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:

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.
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