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Abstract: The purpose of this systematic review was to assess the postoperative facial swelling
(FS) and occlusion attained with clear aligner therapy (CAT) and fixed orthodontic therapy (OT)
after orthognathic surgery (OS). The focused question was “Is there a difference in postoperative
FS and occlusion attained with CAT and fixed OT after OS?” Indexed databases were searched up
to and including October 2023 using different keywords. Original clinical studies that compared
postoperative FS and occlusion attained with CAT and fixed OT after OS were included. Risk of bias
(RoB) and quality of evidence were also assessed. Four retrospective studies were included. One
study reported no difference in postoperative FS among patients that underwent CAT or fixed OT
after OS. In one study, patients treated with CAT demonstrated less FS in the first post-surgical week
than individuals that underwent fixed OT. In one study, postoperative occlusion was comparable
among patients that underwent CAT or fixed OT, whereas in another, postoperative occlusion was
better in patients that underwent fixed OT than CAT. All studies had a moderate RoB and none of the
investigations were based on power-adjusted data. Based upon the sparsity and questionable quality
of available evidence, there is a need to render a firm conclusion. However, it seems that CAT and
fixed OT are comparable in relation to postoperative occlusion and FS after OS.

Keywords: clear aligner therapy; clear aligners; complications; edema; facial swelling; fixed
orthodontic therapy; orthodontics; orthognathic surgery; tooth movement

1. Introduction

Orthognathic surgery (OS) is usually performed to improve functional and esthetic
parameters by repositioning the maxilla, mandible and/or the symphysis, particularly
among patients that have either passed the pubertal growth spurt or may be unsuitable
for orthodontic camouflage [1]. Surgical interventions such as LeFort and sagittal split
osteotomies are often performed in conjunction to orthodontic tooth movement (OTM),
particularly in patients with severe craniofacial deformities to produce a functional and
stable occlusal outcome [2,3]. Following OS, orthodontic therapy (OT) using fixed appli-
ances is conventionally performed to attain the desired tooth movement [4,5]. Clear aligner
therapy (CAT) emerged as a potential therapeutic approach to induce OTM and treat dental
malocclusions over two decades ago. These are removable appliances that can produce
clinically acceptable orthodontic outcomes (OO) that are comparable to clinically satisfac-
tory outcomes achieved using fixed OT [6,7]. With advancements in clinical orthodontics
and related research, CAT has been shown to be an effective approach for the correction of
not only mild to moderate but severe malocclusions [8], and it can also be used successfully
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after OS to attain OTM [9–13]. However, according to Robitaille et al. [13] esthetic outcomes
in terms of occlusion are superior with fixed OT in contrast to CAT after OS. Papageorgiou
et al. [14] also concluded that OT in adults using CAT is associated with worse esthetic
outcomes in contrast to OT performed using fixed appliances.

Postoperative facial swelling (FS) after OS is a common yet significant concern as it can
cause discomfort, hinder oral intake, affect speech and prolong the recovery period [9–13].
However, there is a paucity of research specifically comparing the impact of CAT and
fixed OT on postoperative FS following OS. Guktaka et al. [10] used three-dimensional
(3D) subtraction imaging to compare the volume of FS after OS in patients undergoing
CAT (n = 11 patients) and fixed OT (n = 11 patients). In this study [10], OS interventions
comprised LeFort-1 osteotomy (L1O), genioplasty and bilateral sagittal split osteotomy
(BSSO). The results showed that patients undergoing CAT displayed a significantly smaller
volume of FS compared with individuals undergoing fixed OT at a one-week follow-up [10].
The authors concluded that in the short term (up to the first post-operative week), FS is
less in patients undergoing CAT than those undergoing fixed OT [10]. On the other hand,
in a retrospective chart review and 3D morphometric study, Kankam et al. [12] showed
no significant difference in FS among patients that either underwent CAT or fixed OT
6 months after OS. The authors suggested CAT can be used as an alternative to fixed OT
after OS [12]. It is, however, pertinent to mention that the studies by Guktaka et al. [10]
and Kankam et al. [12] were based on the supposition that peri-operative OT with CAT
causes less post-operative FS than fixed OT; however, a scientific justification in this regard
remained unclarified in these studies [10,12]. A systematic review of studies comparing FS
and OO of CAT and fixed OT after OS is not yet reported in indexed databases.

With this background, the purpose of this systematic review was to assess the postop-
erative FS and OO attained with CAT and fixed OT after OS.

2. Materials and Methods
2.1. Focused Question and PICOS

The focused question was “Is there a difference in postoperative FS and occlusion
attained with CAT and fixed OT after OS?” The PICOS format included P = patients
undergoing OT after OS; I = patients treated with CAT; C = patients treated with fixed OT;
O = FS and occlusion; S = clinical studies.

2.2. Inclusion and Exclusion Criteria

Original clinical studies that compared postoperative FS and occlusion attained with
CAT and fixed OT after OS were included. Review articles, commentaries, perspectives,
expert opinions and letters to the editor were excluded. Guidelines of the preferred
reporting outcomes for systematic reviews and meta-analysis were followed to identify
pertinent studies.

2.3. Literature Search

A comprehensive literature search was conducted up to and including October 2023
using indexed databases (PubMed/Medline, Scopus, EMBASE and ISI Web of Knowledge)
and Google Scholar. The search was performed using various combinations of keywords:
clear aligner therapy; clear aligners; complications; edema; facial swelling; fixed orthodon-
tic therapy; orthodontics; orthognathic surgery; and tooth movement. Boolean operators
(AND/OR) were utilized to refine the search and retrieve relevant articles without imposing
any restrictions on language or publication date. Two authors (SAR and FJ) independently
reviewed the titles and abstracts of potentially relevant original articles and matched them
with the FQ and eligibility criteria (EC) to identify potentially suitable studies. In the subse-
quent step, full texts of the identified relevant studies were obtained and independently
examined by the same authors (SAR and FJ). The full texts were matched against the FQ
and eligibility criteria (EC) to finalize the selection of appropriate studies for inclusion in
the review. Reference lists of potentially relevant original and review articles were also
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hand-searched to identify studies that could have remained unidentified during the initial
electronic search. Any discrepancies or disagreements that arose during the study selection
process were resolved through discussions among the two primary authors (SAR and FJ).
If any conflicts remained unresolved, the opinions of two additional authors (PER and DM)
were sought to reach a consensus and make final decisions regarding study inclusion. The
involvement of these additional authors ensured a thorough and objective resolution of
any disagreements, thus enhancing the overall validity and reliability of the study selection
process. The literature search was performed according to the guidelines of the preferred
reporting items for systematic reviews and meta-analyses [15].

2.4. Risk of Bias Assessment

The risk of bias (RoB) was assessed using the Risk of Bias In Non-randomized Studies
of Interventions (ROBINS-I) tool [16]. This tool comprises seven potential sources of bias:
(a) bias due to confounding; (b) bias in selection of participants; (c) bias in classification
of interventions; (d) bias due to deviations from intended interventions; (e) bias due to
missing data; (f) bias in measurement of outcomes; and (g) bias in selection of the reported
results. [16] Based on these criteria, studies were categorized as having a “low”, “moderate”
or “critical” RoB.

2.5. Data Items and Extraction

Data extraction was independently performed by two authors (SR and FJ). The per-
tinent information was tabulated as follows: (a) study design; (b) reference; (c) number
of participants; (d) groups (CAT and Fixed OT); (e) subject characteristics (mean age and
gender in respective groups); (f) Body Mass Index (BMI); (g) type of orthognathic surgery;
(h) operating time; (i) duration of hospital stay; (j) post-operative follow-up; (k) postopera-
tive parameters (occlusal outcomes and FS); (l) duration of surgical orthodontic treatment;
and (m) main outcomes and conclusions. Any discrepancies or disagreements related
to the data extraction were resolved through discussion among the authors (SR and FJ).
Remaining conflicts were resolved with two additional authors (DM and ER).

2.6. GRADE Analysis

The quality of evidence and strength of recommendations were assessed using the
GRADE approach [17]. This methodological framework was employed to evaluate the
certainty of evidence and inform the development of our recommendations based on the
available literature.

3. Results
3.1. General Characteristics of Included Studies

The initial search yielded 137 studies. After removal of duplicates, full texts of
109 studies were retrieved and assessed with reference to the FQ and EC. Four retro-
spective studies [10–13] addressed the FQ and fulfilled the EC. In these studies [10–13],
the number of participants and their ages ranged between 22 and 29 and ~16 and 55.1
years, respectively. In the CAT and fixed OT groups, the number of males ranged between
46–64% and 24–64%, respectively [10–13]. Two studies [10,12] assessed the BMI of patients
in the CAT and fixed OT groups. In the study by Kankam et al. [12], the BMI of patients
in the CAT and fixed OT groups was 24.18 ± 3.79 and 23.49 ± 5.11 Kg/m2, respectively.
The BMI of patients in the CAT and fixed OT groups was 20.9 ±2.4 and 25 ± 6.4 Kg/m2,
respectively, in the study by Guntaka et al. [10]. In the study by Robitaille et al. [13] 37.5%,
50% and 12.5% individuals had skeletal class-II, skeletal class-III and anterior open bite,
respectively, in the CAT group. In this study [13], 52%, 32%, 12% and 4% patients in the
fixed OT group had skeletal class-II, skeletal class-III, anterior open bite and skeletal class-I
with asymmetry, correspondingly. Data pertaining to baseline dental malocclusion were
not reported in all studies (Table 1 and Figure 1) [10–13].
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Table 1. General characteristics of retrospective studies included.

Authors et al. Patients
(n)

CAT Group (n)
and Gender
(%)

Fixed OT
Group (n) and
Gender (%)

Age in Years
(CAT Group)

Age in Years
(Fixed OT
Group)

BMI (CAT
Group)

BMI (Fixed
OT Group)

Guntaka et al. [10] 22

11

Male: 64%
Female: 36%

11

Male: 64%
Female: 36%

20.5 ± 3.8
years

20.9 ± 2.4
years

23.8 ± 3.6
kg/m2

25 ± 6.4
kg/m2

Liou et al. [11] 33

19

Male: 47%
Female: 53%

14

Male: 79%
Female: 21%

20 (19–27)
years

21 (19–24)
years NR NR

Kankam et al. [12] 33

13

Male: 46.2%
Female: 53.8%

20

Male: 50%
Female: 50%

20.81 ± 4.1
years

19.46 ± 3.32
years

24.18 ± 3.79
kg/m2

23.49 ± 5.11
kg/m2

Robitaille et al. [13] 49

24

Male: 46%
Female: 54%

25

Male: 24%
Female: 76%

30.7 years

(18.8–55.1
years)

24.9 years

(16.7–40.6
years)

NR NR

BMI: body mass index; CAT: blear aligner therapy; NR: not reported.

3.2. Orthognathic Surgery-Related Parameters

In the study by Kankam et al. [12] all patients underwent BSSO and LeFort-1 osteotomy,
whereas BSSO alone was performed in 50% and 36% patients in the CAT and fixed OT
groups, respectively, in the study by Robitaille et al. [13] In this study [13], LeFort-1
osteotomy alone was performed in 37.5% and 8% individuals in the CAT and fixed OT
groups, respectively. Nine% and 9% underwent BSSO alone in the CAT and fixed OT
groups, respectively, in the study by Guntaka et al. [10], whereas 55% and 55% patients
in the CAT and fixed OT groups, respectively, underwent LeFort-1 osteotomy alone [10].
In this study, 18% and 18% underwent LeFort-1 osteotomy with BSSO and genioplasty in
the CAT and fixed OT groups, respectively [10]. In the study by Liou et al. [11] LeFort-1
osteotomy with BSSO and genioplasty was performed in 78.9% and 71.4% individuals in
the CAT and fixed OT groups, respectively. In this study [11], LeFort-1 osteotomy with
BSSO was performed in 21.1% and 28.6% of individuals in the CAT and fixed OT groups,
respectively. Duration of follow-up was reported in studies by Guntaka et al. [10] and
Kankam et al. [12], which was up to 7 weeks and 6 months, correspondingly (Table 2).

3.3. Main Study Outcomes

Two [10,12] and two [11,13] studies assessed FS and postoperative occlusion among
patients who received CAT and fixed OT, respectively.

3.3.1. Postoperative Occlusion

In the study by Liou et al. [11] postoperative occlusion was comparable among patients
that underwent CAT or fixed OT after OS. Liou et al. [11] assessed occlusal outcome using
%reduction in the PAR index score, which had no significant difference between both the
CAT and fixed OT groups (p = 0.142). Robitaille et al. [13] assessed occlusal outcome using
the American Board of Orthodontics Objective Grading System. Results by Robitaille
et al. [13] demonstrated that postoperative occlusion was better in patients that underwent
fixed OT compared to CAT after OS (Table 3).
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Table 2. Orthognathic surgery-related parameters.

Authors et al.
Orthodontic

Therapy

Type of Orthognathic Intervention (Percentage of Patients)

Operating Time
Duration of

Hospital Stay
Post-Operative

Follow-Up
BSSO or
LeFort-1

Osteotomy

BSSO
Alone

LeFort-1
Osteotomy

Alone

BSSO +
LeFort-1

Osteotomy

LeFort-1
Osteotomy +
Genioplasty

LeFort-1 ±
BSSO +

Genioplasty

Guntaka et al. [10]
CAT 63.6% 9% 55% 9% 9% 18% 180.5 ± 71.7 min NR

Up to 7 weeks
Fixed OT 63.6% 9% 55% 9% 9% 18% 167.4 ± 44.1 min NR

Liou et al. [11] CAT NA NA NA 21.1% NA 78.9% NR NR NR

Fixed OT NA NA NA 28.6% NA 71.4% NR NR

Kankam et al. [12]
CAT NA NA NA 100% NA NA 303.9 ± 64.5 min 1.77 ± 0.6 days

6 months
Fixed OT NA NA NA 100% NA NA 287.3 ± 58.9 min 2.2 ± 1.1 days

Robitaille et al. [13]
CAT NA 50% 37.5% 12.5% * NA NA NR NR

NR
Fixed OT NA 36% 8% 56% * NA NA NR NR

* Bi-maxillary; BSSO: bilateral sagittal split osteotomy; CAT: clear aligner therapy; NA: not applicable; OT: orthodontic therapy.

Table 3. Outcomes of patients undergoing CAT and fixed OT after orthognathic surgery.

Authors et al. Study Groups
Treatment
Duration

CAT vs. Fixed OT
(Treatment
Duration)

Postoperative Parameters
CAT vs. Fixed OT (FS) Conclusions

Occlusal Outcome FS

Guntaka et al. [10] CAT NR
NR

NR 37.36 ± 31.19 cm3 No difference
(p = 0.712)

Post-operative FS is comparable in
patients treated with CAT and fixed

OT after orthognathic surgery.Fixed OT NR NR 44.29 ± 23.16 cm3

Liou et al. [11]
CAT

Presurgical (month):
2.5 (1.8–4.5)

No difference in
treatment duration
before and after OS

(p = 0.733).

Similar between the
two groups NR NR

More effective treatment with CAT,
however, the treatment duration was
longer compared to fixed OT group.

Postsurgical
(month): 45.9

(30.4–67.5)

Fixed OT

Presurgical (month):
2.5 (2.0–3.9)

Significant
difference in

treatment duration
after OS and OT

(p < 0.001)

NRPostsurgical
(month): 13.6

(10.8–19.3)
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Table 3. Cont.

Authors et al. Study Groups
Treatment
Duration

CAT vs. Fixed OT
(Treatment
Duration)

Postoperative Parameters
CAT vs. Fixed OT (FS) Conclusions

Occlusal Outcome FS

Kankam et al. [12] CAT NR
NR

NR
T1: 17.52 ±
10.79 cm3 T1: FS was significantly less in

the CAT group (p < 0.001)
Compared with fixed OT, patients

treated with CAT demonstrate less FS
in the first post-surgical week

T2: 6.62 ± 5.19 cm3

Fixed OT NR NR
T1: 37.53 ±
14.62 cm3 T2: No difference (p = 0.728)

T2: 5.85 ± 4.39 cm3

Robitaille et al. [13] CAT

Presurgical (days):
322.33 ± 141.95

days
Mean presurgical

time was
significantly lower

in CAT group
(p < 0.01).

Mean overall
treatment time was
significantly lower

for CAT group
(p < 0.05)

Better in fixed OT
than CAT group NR NR

Orthodontic and orthognathic
surgery-related treatment is faster
with CAT; however, the quality of
treatment is inferior to fixed OT.

Postsurgical: 400.79
± 304.17 days

Overall treatment
time: 774.38 ±

385.96 days
Total (orthodontics

only): 723.13 ±
393.52 days

Fixed OT

Presurgical (days):
543.6 ± 236.20 days

NR NR

Postsurgical: 319.3
± 101.79 days

Overall treatment
time: 920 ±
213.3 days

Total (orthodontics
only): 862.9 ±

212.08 days

CAT: clear aligner therapy; FS: facial swelling; NR: not reported; T1: one-week follow-up; T2: 5–7 weeks’ follow-up; OT: orthodontic therapy.
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Figure 1. PRISMA flow diagram.

3.3.2. Facial Swelling

One study [12] reported that there is no difference in postoperative FS among patients
that undergo CAT or FS after OS. In the study by Guntaka et al. [10] patients treated with
CAT demonstrated less FS in the first post-surgical week compared with individuals that
underwent fixed OT. In this study [10], postoperative FS was comparable in both groups at
seven-weeks’ follow-up. Both studies [10,12] used 3D images to compare FS. The study by
Guntaka et al. [10] measured between the middle and lower third of the face, excluding the
nose. The study by Kankam et al. [12] measured between the middle and lower face.

3.3.3. Duration of Orthognathic Surgery

Two studies [10,12] reported the duration (in minutes) of OS. In the study by Kankam
et al. [12] there was no significant difference in the duration of OS in patients that underwent
CAT (303.9 ± 64.5 min) and fixed OT (287.3 ± 58.9 min). In the study by Guntaka et al. [10]
the duration of OS was 180.5 ± 71.7 and 167.4 ± 44.1 min for patients in the CAT and fixed
OT groups, respectively.
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3.3.4. Hospitalization Rates

In one study [12], patients in the CAT and fixed OT were hospitalized post-operatively
for 1.77 ± 0.6 and 2.2 ± 1.1 days, respectively.

3.3.5. Risk of Bias Assessment, Sample Size Estimation and GRADE Analysis

All studies [10–13] had a moderate RoB (Figures 2 and 3). A prior sample size esti-
mation was performed in none of the studies [10–13]. The quality of available evidence
regarding the difference in postoperative FS and occlusion attained with CAT and fixed OT
was very low (Table 4).
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Table 4. Grade analysis.

Certainty Assessment No. of Patients Effect Certainty Importance

No. of
Studies

Study
Design Risk of Bias Inconsistency Indirectness Imprecision Other

Considerations CAT Fixed OT Relative
(95% CI)

Absolute
(95% CI)

4 Retrospective Serious Serious Serious Serious
Publication bias

strongly
suspected

Two studies did not report post-surgical complications.
One study did not find a significant difference between the

two procedures and one study had varying findings.
Very low Limited or

uncertain

Post-surgical complications (follow-up: range from 1 to 12 months).
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4. Discussion

The intended focus of the present systematic review was on identifying high-quality,
evidence-based clinical studies, such as randomized controlled trials that evaluated the
post-operative outcomes (in terms of FS and occlusion) in patients who underwent CAT or
fixed OT after OS. With particular regard to FS, it is challenging to label this manifestation
as a complication of OS as “post-operative swelling” when it is a normal bodily response
to surgical trauma and is part of the normal healing process. While post-surgical swelling
is not a complication per se, it is essential for healthcare professionals to monitor the
extent and duration of swelling, as excessive or prolonged swelling may indicate other
underlying issues or complications such as an abscess [18]. It is crucial to highlight that
none of the studies [10–13] included in the investigation assessed both post-operative FS
and occlusion simultaneously. Instead, out of the four clinical investigations [10–13] two
studies [11,13] specifically addressed occlusion-related outcomes, while the remaining
studies [10,12] assessed post-operative FS. Due to the limited number of studies available
on either of the two parameters, FS or dentoskeletal occlusion, it was challenging to
dedicate the entire manuscript to either topic exclusively. Instead, authors of the present
investigation decided to incorporate all four available studies [10–13] to provide the most
comprehensive and up-to-date review on the subject. The absence of studies assessing both
aspects and potential post-surgical complications emphasize the need for further research
to comprehensively and prospectively explore the effects of CAT and fixed OT in such a
patient cohort. Nonetheless, by including all relevant studies [10–13], the authors aimed to
present a thorough analysis of the current state of research on the topic despite the scarcity
of individual studies on each parameter.

Based on a comprehensive review of the currently available literature, it is alluring
to conclude that both CAT and fixed OT can produce satisfactory outcomes in relation to
postoperative FS and occlusion following OS. However, it is crucial to exercise caution
when interpreting such a conclusion. Prior sample-size estimation (SSE) or power analysis
(PA) plays a pivotal role in ensuring the validity and reliability of study findings [19,20]. In
other words, it is critical to determine an appropriate sample size (number of participants as
in the present scenario) before conducting a study to avoid underpowered or overpowered
investigations, which can otherwise lead to publication bias and/or inaccurate conclu-
sions [21,22]. Amongst the studies [10–13] assessed, the number of participants and their
ages ranged between 22 and 29; however, a prior SSE was performed in none of them. It is
worth mentioning that a small sample may not adequately represent the target population,
leading to limited external validity or generalizability of the study findings, [23] and it
can result in imprecise estimates of population parameters, such as means, proportions,
or effect sizes [24]. From the design perspective, all studies [10–13] were retrospective.
Evaluation of retrospective studies comes with several limitations including selection bias
(as the studies rely on pre-existing data), uncontrolled confounding factors, blinding of
operators, allocation concealment of interventions and limited generalizability and valid-
ity [23,25]. Furthermore, all studies had a moderate RoB and the GRADE analysis revealed
that the importance of the included studies were either uncertain or limited. Therefore, the
findings of the included studies [10–13] should be interpreted with prudence, recognizing
the potential for biases and uncertainties that could influence the results. The authors
suggest that additional well-designed and adequately powered studies, preferably ran-
domized controlled trials with well-defined primary and secondary outcome variables
and long-term follow-up (of at least 12 months) are required to determine whether the
orthodontic treatment mode (CAT versus fixed OT) has any impact on the esthetic and
functional outcome in patients after OS.

A BMI ranging between 18.5 and 24.9 Kg/m2 is considered normal [26]. In a prospec-
tive volumetric analysis, van der Vlis et al. [27] used three-dimensional photographs to
quantify post-operative FS after OS (L1O and/or BSSO) in relation to BMI. The results
showed that patients with a higher BMI experience a greater amount of FS and fastest rate
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of its resolution in initial postoperative weeks compared with individuals with a lower
BMI [27]. In the present systematic review, two studies [10,12] reported the mean BMI of
patients that underwent CAT or fixed OT after OS, which ranged between approximately
24 and 25 Kg/m2. Due to the divergent results observed in these studies [10,12] concerning
facial symmetry (FS) and the limited range of average BMI, establishing a direct correlation
between FS and BMI is challenging. Moreover, the severity of post-surgical edema/FS is
influenced by factors such as operator(s’) skills and the complexity and duration of the
intervention [28]. Based on the methodology of the included studies [10–13], all surgical
and post-operative orthodontic interventions were performed by experienced operators.
The mean duration of intervention (operating time [OT]) and follow-up was reported in
50% of the studies [10,12] which ranged between approximately 180 and 300 min and 7
and 24 weeks, respectively. Despite variations in OT and duration of follow-up, these
studies [10,12] reported conflicting results in terms of post-operative FS. There were lim-
ited results regarding the surgical duration and total treatment duration with CAT versus
fixed OT.

From a clinical perspective, CAT has allowed clinicians to plan presurgical decompen-
satory tooth movements in digital platforms such as Invisalign’s ClinCheck and virtually
simulate the surgery through a bite jump. A study by Cong et al. evaluated presurgical
orthodontic decompensation with CAT and reported that common tooth movements for
decompensation were highly accurate with the use of CAT [29]. Despite the results in this
study, it is incumbent on clinicians to approach the virtually planned tooth movements with
caution as the planned tooth movements made by the technician may not be predictable or
attainable clinically. Moreover, the use of aligners instead of fixed orthodontic appliances
(brackets, wires and surgical hooks) during the operative and postoperative phases of
treatment may pose challenges to orthognathic surgeons and orthodontists particularly
regarding the use of intermaxillary elastics for occlusal stabilization and settling during
and after the OS, respectively [30]. Nonetheless, this perceived deficiency in CAT can be
overcome by using auxiliaries such as buttons, brackets, Ivy loops, Erich arch bars and
intermaxillary fixation screws, amongst others, in conjunction with the conventional clear
aligners. Another important consideration regarding the use of CAT in OS, is that in the
postoperative phase, OS patients oftentimes have limited mouth opening from stripping of
muscles intraoperatively and from postoperative edema. In the setting of these postopera-
tive limitations, rescanning for ordering finishing and detailing aligners can be challenging.
It was noted by Moshiri that a presurgical scan of patients, that has been fully decompen-
sated, can be used to order more aligners to have immediately after surgery for finishing
and detailing [31]. However, Moshiri noted that this is not recommended in multi-piece
LeFort osteotomies due to aligners not fitting properly postoperatively [31]. Regarding
postoperative stability, a study by Moon et al. found no significant difference between the
CAT and fixed OT groups up to 6 months after OS [32]. Another study by Mangat et al. had
similar results of no significant difference in postoperative stability after one year between
the CAT and fixed OT groups [33]. However, limitations in the use of CAT have been
reported in the case of multiple piece LeFort-I osteotomies due to the challenges associated
with stabilizing the transverse dimension of the maxilla during the postoperative phase
with clear aligners [9]. Despite these perceived limitations with the use of CAT in OS,
patient comfort and oral hygiene are typically reported to be better in patients with CAT.
For instance, a study by de Leyva et al. [34] showed that patients who underwent OS treated
with CAT had superior periodontal health and quality of life than those treated with fixed
OT. There is a pressing requirement for the execution of studies, particularly randomized
controlled trials, that focus on evaluating and contrasting patient-centric outcome measures,
also known as patient-reported outcome measures (PROMs), between fixed orthodontic
appliances and clear aligners. Similar comparisons have been conducted in the context of
complex orthodontic cases without the necessity for orthognathic surgical intervention [35].
Such comparisons have been made when treating difficult cases by ordinary orthodontic
treatment without resorting to orthognathic surgery. Facilitating oral/periodontal health
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and improving patient comfort with treatment may be of particular importance in patients
undergoing OS who often exhibit challenges in effectively maintaining proper oral hygiene
through the course of OT and may also face psychological challenges associated with
overall treatment adaptation [34,36,37]. The aforementioned studies indicate potential
advantages and limitations regarding the use of CAT on OS, as well as highlight the need to
develop standardized and evidence-based treatment protocols. Further research is needed
in this respect.

5. Conclusions

Based upon the sparsity and questionable quality of available evidence it is necessary
to render a firm conclusion. However, it seems that CAT and fixed OT are comparable in
relation to postoperative occlusion and FS after OS.
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