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The surgery-first approach in orthognathic surgery has recently
created a broader interest in completely eliminating time-consuming
preoperative orthodontic treatment. Available evidence on the surgery-first
approach should be appraised to support its use in orthognathic surgery.
A MEDLINE search using the keywords “surgery first” and “orthognathic
surgery”’ was conducted to select studies using the surgery-first approach.
We also manually searched the reference list of the selected keywords
to include articles not selected by the MEDLINE search. The search
identified 18 articles related to the surgery-first approach. There was no
randomized controlled clinical trial. Four papers were excluded as the
content was only personal opinion or basic scientific research. Three
studies were retrospective cohort studies in nature. The other 11 studies
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were case reports. For skeletal Class III surgical correction, the final long-term outcomes for
maxillofacial and dental relationship were not significantly different between the surgery-first approach
and the orthodontics-first approach in transverse (e.g., intercanine or intermolar width) dimension,
vertical (e.g., anterior open bite, lower anterior facial height) dimension, and sagittal (e.g., anterior-
posterior position of pogonion and lower incisors) dimension. Total treatment duration was
substantially shorter in cases of surgery-first approach use. In conclusion, most published studies
related to the surgery-first approach were mainly on orthognathic correction of skeletal Class III
malocclusion. Both the surgery-first approach and orthodontics-first approach had similar long-term
outcomes in dentofacial relationship. However, the surgery-first approach had shorter treatment time.

(Biomed J 2014;37:184-190)
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In 1849, Hullihen first reported the orthognathic correc-
tion of mandibular elongation."! Since then, numerous
surgical techniques have been used for the dissection of
the mandibular body or ascending ramus to correct man-
dibular prognathism. In 1957, Trauner and Obwegeser!”
introduced sagittal splitting ramus osteotomy, which marked
the beginning of the modern era of orthognathic surgery.
This intraoral approach could move the mandible in three
dimensions according to a designated surgical plan, keep-
ing the condyle in the glenoid fossa, and, most importantly,

maintaining sufficient bone contact area to allow primary
bone healing after orthognathic surgery. After introducing
osteotomy in the mandible, Obwegeser was also the first to
develop LeFort I osteotomy to move the maxilla in all three
dimensions, reporting a large series of maxillary osteotomy
cases in 1969.% In the 1960s, surgeons rarely depended on
orthodontic treatment to move the teeth prior to surgery.
They performed orthognathic surgery either before orth-
odontic treatment or after the removal of orthodontic appli-
ances. During those years, surgeons, thus, commonly used
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a surgery-first approach for orthognathic surgery. In 1963,
Poulton et al.™ reported five cases of mandibular progna-
thism successfully treated with bilateral vertical osteotomy
without any orthodontic treatment. However, it was soon
recognized that the amount of mandibular setback was
limited by the overjet between the upper and lower anterior
incisors. To increase the amount of surgical setback to cor-
rect mandibular prognathism, orthodontic treatment was
needed to arrange the malaligned teeth in the best possible
position in the individual jaws prior to surgery.’”! Worms
et al!® expanded this “orthodontics-first” concept to all
orthognathic cases, including mandibular prognathism, man-
dibular retrognathism, and vertical skeletal discrepancy with
anterior open bite or deep bite, and emphasized that optimal
surgical repositioning of the jaw is only possible following
the removal of all dental compensation prior to surgery.
Comprehensive orthodontic treatment to align dental oc-
clusion, incisor decompensation, tooth rotation, and arch
coordination should, therefore, be conducted 8-18 months
before orthognathic surgery.’'?! The orthodontics-first ap-
proach became the standard procedure for orthognathic sur-
gical treatment after the 1970s,"*'> with most orthognathic
teams implementing this approach.'™ However, in recent
years, Dr. William Bell commented that orthognathic surgery
was too complicated, too invasive, too time-consuming,
too expensive, and too unpredictable,!'”’ establishing the
Symposium of “Paradigm Shifts in Orthognathic Surgery”
in 2007 with his colleagues from the University of Texas
Southwestern Medical Center. Their aim was to facilitate
the provision of orthognathic surgery in more efficient, af-
fordable, predictable, and convenient ways, thus improving
the quality of care. In addition to introducing clinical ap-
plications of advanced three-dimensional medical imaging
and office-based surgery, the 2011 symposium presented
the surgery-first approach and created broader interest in
the complete elimination of time-consuming preoperative
orthodontic treatment.!'®!%) The present systematic review
aims to appraise the currently available evidence on the
surgery-first approach and support its use in orthognathic
surgery.

Methods

A MEDLINE search (Entrez PubMed, www.ncbi.nim.
nih.gov) was conducted using the subject headings “surgery
first” and “orthognathic surgery” and 258 articles were ob-
tained. Abstracts of these articles were reviewed to select
the studies that used a surgery-first approach. The reference
list of each selected article was examined to include articles
not retrieved by the MEDLINE search. The inclusion criteria
were 1) human study and 2) orthognathic surgery using a
surgery-first approach or its equivalent. Personal opinion
was excluded.
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Results

The MEDLINE search and review of reference lists
identified 18 articles relating to the surgery-first approach.
Four papers were excluded: Three included only personal
opinion*2?! and one conducted basic scientific research on
accelerated factors related to postoperative rapid orthodontic
tooth movement.' Table 1 lists the 14 analyzed papers.
Most (11 out of 14, 78.6%) were case reports; four reported
only one case.?*?®! The first four papers, published prior to
1988, were case reports on the surgical-orthodontic correc-
tion of mandibular prognathism and long face syndrome
with anterior open bite, and mentioned the concept of the
surgery-first approach in their discussion sections. Only
three studies had performed retrospective cohort analyses to
compare the differences between the orthodontics-first and
the surgery-first approaches.””* The search results indicated
that a prospective cohort study or randomized controlled trial
on the surgery-first approach has not yet been conducted.

Treatment time for preoperative orthodontic
treatment

Most articles recommended that orthodontic appliances
should be fitted prior to surgery, even when using a surgery-first
approach. Studies reported bonding the orthodontic brackets
immediately before,?*>! 1 week before, 2! 1 month be-
fore,?”*! or 1-2 months before®” surgery. Only one of the pa-
pers reported the total elimination of preoperative orthodontic
treatment and the fitting of orthodontic brackets 10-14 days
after surgery.”"! Studies described that active orthodontic force
can be applied before>! or shortly after!'®>-233 surgery.
Preoperative orthodontic preparation can, therefore, be started
immediately before or approximately 1-2 months before sur-
gery. Occasionally, it might be completely eliminated.

Treatment time for postoperative orthodontic
treatment

The shortest reported treatment time for postopera-
tive orthodontic treatment was 4 months for correction of
a skeletal Class III malocclusion with anterior open bite
and dental crowding.* Most studies described completing
postoperative orthodontic treatment within approximately
1 year!?>27:2830 or in 6-9 months.**?*3! Treatment time was
approximately 6-12 months shorter using a surgery-first ap-
proach compared with using a conventional orthodontics-first
approach. Only one study described similar treatment times
(approximately 1.5 years) for both approaches.*!

Stability of surgical-orthodontic treatment

Three papers described the stability of craniofacial
structures 1 year or more after orthognathic surgery.?’->’!
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Table 1: Summary of studies using surgery-first approach in orthognathic surgery and their outcomes

Authors, year Study design Type of Mean age in  Surgical

Preoperative Total Authors’ conclusion

orthodontic treatment treatment time

Sample (n) malocclusion years (range) method
Poulton et al., Case Mandibular 22 (16-27) VRO
1963 series (5) prognathism
Bell et al., Case Mandibular 22 (14-49) VRO
197351 series (6) prognathism
Epker and Case Anterior open  14.5 (12-17) LF+GN
Fish, 197752 series (2) bite
Behrman Case Dentofacial n.a. BSSO+MX
et al., 19882 series (8) deformity
Nagasaka Case (1) Skeletal 17 BSSO
et al., 20091 Class III
Sugawara Case (1) Skeletal 44 BSSO
etal., 201024 Class 11
Villegas Case (1) Facial dental 20 BSSO
et al., 20102 asymmetry
Yu et al., Case (1) Mandibular 19 LF+BSSO+GN
201028 prognathism
Wang et al.,  Cohort Skeletal 223 LF+BSSO
2010127 study (36)  Class III
Liao et al., Cohort Skeletal (21-23) LF+BSSO
201088 study (104)  Class III+open

bite

Kao et al., Cohort Skeletal (22-24.6) LF+BSSO
2010 study (53)  Class III
Baek et al., Case Skeletal 22.95 LF+BSSO
201089 series (11)  Class 111
Liou et al., Case Skeletal (Adult) LF+BSSO
201108 series (5) Class III
Hernandez, Case Skeletal 20-23 LF+BSSO
2011831 series (2) Class III

n.a. n.a. Stable results achieved
without preoperative
orthodontic treatment

15.8 months 22.1 months  Minimal orthodontic treatment
before the surgery proposed
4, 12 months 12, 28 months Surgery-first approach

better than orthodontics-first
approach in some cases
n.a. n.a. To do surgery first and

orthodontics second

Just before surgery 12 months  Greatly reduced treatment
time
Just before surgery 9 months  Effectively corrected skeletal

Class II malocclusion

1 week 7 months Facial asymmetry corrected by
surgery-first approach

1 week 4 months Total treatment within 4
months

1 month 12 months ~ Maxillary expansion not
needed before the surgery

1 month 342 days Shorter treatment time for
surgery-first approach, no
difference in stability

21 days 534.6 days  No difference in skeletal
correction and postsurgical
relapse

1-2 months 12.18 months  Accurate prediction of

postoperative orthodontic
treatment needed

1 month 1-1.5 years  Treatable “transitional”

occlusion created after the
surgery

6.5-8.8 months Precise diagnosis and detailed
treatment plan needed for
surgery-first approach

None to 1 month

Abbreviations: BSSO: Bilateral sagittal split osteotomy of the mandible; GN: Genioplasty; LF: LeFort I osteotomy; MX: Maxillary osteotomy;

n.a: Not available; VRO: Vertical ramus oblique osteotomy of the mandible

For transverse problems, Wang et al.”?”! investigated
36 adult patients with skeletal Class III malocclusion, who un-
derwent LeFort I osteotomy and/or bilateral sagittal splitting
osteotomy of the mandible. The same experienced surgeon
performed all operations. The patient groups differed only in
receiving the preoperative orthodontic treatment (6 months on
average). Preoperative orthodontic treatment might involve
the leveling and alignment of dental arches and elimination
of major occlusal interferences. For maxillary canine inclina-
tion, the preoperative orthodontic treatment was successful in
expanding intercanine width. However, 1 year after surgery,
there were no differences between the orthodontics-first group
and the surgery-first group in inclinations of the maxillary
canine, mandibular canine, maxillary molar, and mandibular
molar. The authors concluded that the final outcomes of the
transverse dental changes were similar irrespective of receiv-
ing preoperative orthodontic treatment or not.
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For vertical problems, Liao et al.?® evaluated skeletal
Class III open bite patients using a surgery-first or ortho-
dontics-first approach at four different time points (before
treatment, 1 month before surgery, 1 week after surgery, and
at orthodontic debonding). During 2002-2005, 33 consecu-
tively operated patients received LeFort I posterior impac-
tion osteotomy and bilateral sagittal splitting osteotomy
to correct skeletal Class III open bite. Of these 33 pa-
tients, 13 received an orthodontics-first approach and
20 a surgery-first approach. The surgery-first approach was
associated with a significantly shorter treatment time than
the orthodontics-first approach (342 days vs. 512 days). Both
groups displayed similar maxillary stability in the horizontal
and vertical directions and similar mandibular stability in
the horizontal direction. The only detectable difference was
increased upward mandibular movement following surgery
in the surgery-first approach group compared with the



orthodontics-first approach group. This upward mandibular
movement could help to prevent relapse of the anterior open
bite. For surgical orthodontic correction of skeletal Class III
open bite, the orthodontics-first approach does not offer
greater benefits in the way of facial esthetics, dental occlu-
sion, or treatment stability than the surgery-first approach.

For sagittal problems, Ko e al.™ investigated 53 skel-
etal Class III patients receiving LeFort I osteotomy and
bilateral sagittal splitting osteotomy of mandible between
2003 and 2007. The same experienced surgeon performed
all operations. Of these 53 patients, 18 underwent a sur-
gery-first approach and 35 an orthodontics-first approach.
The final outcomes, in the way of skeletal correction and
postsurgical relapse, displayed no differences between the
two approaches. Upon the completion of treatment, the
preoperative orthodontic work on the incisor proclination
had returned to the original incisor inclination. Lengthy pre-
operative orthodontic preparation for dental decompensation
is, therefore, not necessary prior to the surgical correction
of skeletal Class III malocclusion.

Discussion

During the last 40 years, investigators have placed
sporadic emphasis on the surgery-first approach in orthog-
nathic surgery. In 1977, when the orthodontics-first approach
showed popularity, Epker and Fish suggested that for the
surgical repositioning of skeletal and/or dento-osseous
segments, the surgical procedure should be performed
prior to the orthodontic treatment.®? This would ensure es-
thetically pleasing results and safely and easily accomplish
tooth movement. The authors described several advantages
offered by the surgery-first approach: (1) Improvement
in patient’s facial esthetics and dental function early in
treatment, rather than following a period of possible years,
(2) improvement in patient’s swallowing and speech func-
tions after surgery, (3) the proceeding of orthodontic tooth
movement at a much faster pace following surgery, thus
reducing the overall treatment time, (4) improved coopera-
tion of the patient during orthodontic treatment, (5) easier
orthodontic tooth movement following restoration of the
normal functional and anatomic relationships of the bony
skeleton and surrounding soft tissues, and (6) stability of
results equal to, or in some cases superior to, those achieved
using the more traditional orthodontics-first approach. Epker
and Fish described postoperatively accelerated orthodontic
tooth movement in patients receiving orthognathic surgery
in 1977; this was almost 23 years before the reporting of
the regional acceleratory phenomenon (RAP) in orthodontic
treatment by Wilcko et al.®¥

The surgery-first approach gained further support
from Leein 1994.%'" He emphasized the early correction of
skeletal and soft tissue problems, stating that orthodontic
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treatment is easier to perform following the achievement
of a relatively normal skeletal and soft tissue environment
after orthognathic surgery. The described clinical benefits of
a surgery-first approach included shorter overall treatment
time, more biologically favorable tooth movement, more
predictable occlusal results, more rapid tooth movement
achieved postoperatively, improved coordination of the
upper and lower dental arches, and earlier musculature adap-
tion to maintain the altered arch relationship. Although this
article provided no solid clinical data to support the claimed
advantages, the described clinical phenomena remain valid
presently.

The group of Sugawara and Nanda published a series
of case reports using a surgery-first approach to correct
skeletal Class III"™! and skeletal Class I malocclusion
and dentofacial asymmetry.'” The results demonstrated
entirely acceptable facial esthetics and dental occlusion,
with total treatment time of less than 12 months. Their use
of the surgery-first approach attracted attention to the para-
digm shift from the traditional orthodontics-first approach.
The authors documented that skeletal problems could be
immediately corrected using orthognathic surgery without
performing any preoperative orthodontic treatment. In their
three case reports, orthognathic surgery was performed on
the mandible only. A Class III malocclusion becomes Class 11
immediately after mandibular setback, and a Class II mal-
occlusion becomes Class III immediately after mandibular
advancement. The Skeletal Anchorage System (SAS) must
then be used to correct the intentionally created Class I1I or
Class II malocclusion by moving posterior teeth to achieve
a final Class I relationship.®**! However, the most common
combination of variables for Class III malocclusion was a
retrusive maxilla, protrusive mandible, protrusive maxillary
incisors, retrusive mandibular incisors, and a long lower
facial height.*®! Previous reports on surgical correction of
mandibular prognathism described the use of an isolated
mandibular setback in fewer than 10% of patients, in favor of
maxillary advancement or bimaxillary orthognathic surgery.
11737 Similarly, the most common characteristics for Class IT
malocclusion were retrusive mandible (60%), protrusive
maxilla (55.8%), and a reduced vertical skeletal jaw rela-
tionship. In surgical correction of mandibular retrognathism,
bimaxillary orthognathic surgery should be considered in-
stead of mandibular advancement.”® Therefore, orthognathic
surgery to correct skeletal Class III or Class II malocclusion
should not be limited to using mandibular osteotomy only.
Mandibular osteotomy alone creates a more difficult occlusal
problem for the orthodontist to treat following surgery.

In 2010, Baek et al.*” emphasized that the surgery-first
approach requires accurate prediction of the postop-
erative orthodontic treatment for dental alignment, inci-
sor decompensation, arch coordination, and occlusal settling
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at the very beginning of a preoperative treatment plan. Their
study reported 11 cases of skeletal Class III malocclusion
treated using a surgery-first approach and the observations
included increased patient cooperation, efficient and effec-
tive decompensation, and shortened treatment time com-
pared to using an orthodontics-first approach. They applied
two-jaw surgery using LeFort I osteotomy to impact the pos-
terior maxilla and bilateral sagittal splitting osteotomy for
mandibular setback. However, the authors mentioned some
disadvantages of using a surgery-first approach, such as high
bonding failure, difficulty in bending the surgical wire to fit
into unleveled dentition, the requirement for more surgical
movement to compensate for postoperative orthodontic
movement, impacted lower third molars, and postsurgical
occlusal instability. Surgical orthodontic teams applying a
surgery-first approach could encounter all these problems.
These should, thus, be resolved prior to its application.

Hernaande-Alfaro et al.P®" reported two skeletal
Class III anterior open bite cases receiving bimaxillary
orthognathic surgery using a surgery-first approach. The
total treatment time was 264 days (8.8 months) for patient 1
and 195 days (6.5 months) for patient 2. Both patients were
satisfied with the results of rapid facial changes and short-
ened treatment time. The authors emphasized that provid-
ing precise diagnosis, detailed treatment planning, and
skillful orthodontic treatment is more demanding using a
surgery-first approach than a traditional orthodontics-first
approach.

To provide more evidence to support the surgery-first
approach, the researchers have conducted a series of
investigations to compare transverse, vertical, and sagit-
tal changes in surgery-first approach group with those in
orthodontics-first approach group.

Grubb and Evans described that using an orthodon-
tics-first approach for skeletal Class ITI malocclusion,!'? any
transverse maxillary width discrepancy should be corrected
by preoperative orthodontic expansion, or by surgically as-
sisted rapid palatal expansion, before or during orthognathic
correction of Class III sagittal discrepancy. Maxillary expan-
sion should be performed before orthognathic surgery.!'>!4
However, even without preoperative maxillary expansion,
the maxillary molar width should be sufficient to allow co-
ordination with the mandibular molars after upper and lower
dental casts are brought into a Class I position. Irrespective
of the approach that was taken, the molar width decreased
continuously after orthognathic surgery.?” Eventually, both
maxillary and mandibular molar widths did not differ sig-
nificantly between the surgery-first and orthodontics-first
groups 1 year after the operation. Why should the molar
width be increased prior to the operation, as proposed by
the orthodontics-first approach?

Preoperative orthodontic correction of long face syn-
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drome with anterior open bite might involve leveling of
the curve of Spee to worsen the anterior open bite before
surgery. This might create the need for surgical impaction
of the maxilla to close the bite. Increased anterior open bite
might require greater surgical impaction of the maxilla. Post-
operative relapse from previous bite opening could deepen
the bite further and prevent the occurrence of anterior open
bite after the surgery. Preoperative orthodontic treatment
to decompensate Class III open bite could, therefore, exac-
erbate anterior cross bite, open bite, and protruding lower
lip before surgery. However, in the study of Liao et al.,’*®
at the time of orthodontic debonding, the surgery-first and
orthodontics-first groups displayed no significant differences
in face convexity, face height, distance of the upper lip and
lower lip from the E line, nasolabial angle, overbite, or peer
assessment rating score. The two groups displayed similar
maxillary stabilities in the horizontal and vertical directions.
For mandibular stability, the surgery-first group showed
superior movement at Point B and pogonion compared to
the orthodontics-first group postoperatively. This superior
movement could increase the overbite and reduce the an-
terior facial height after surgery, thus maintaining greater
overbite. The surgery-first and orthodontics-first groups
provided similar treatment outcomes in the way of facial
esthetics, occlusion, and stability. However, the treatment
time was shorter in the surgery-first group (342 days) than
in the orthodontics-first group (512 days).!?®!

Grubb and Evans also described that orthodontic man-
agement of the sagittal (anterior-posterior) component of
skeletal Class III malocclusion should involve the removal
of the dental compensation prior to surgery by retracting
the maxillary incisors and protracting the mandibular
incisors.!"?l The greater increase in negative overjet could
provide greater surgical correction in anterior-posterior
dimension. Preoperative proclination of lower incisors
was confirmed in the orthodontics-first group, as the lower
incisors were proclined 4.5° before surgery.”” However,
the same lower incisors were retroclined 1.9° after sur-
gery, and further retroclined 4.5° following the completion
of orthodontic treatment.®! The final outcome of lower
incisors (i.e., position and inclination) was not signifi-
cantly different between the orthodontics-first group and the
surgery-first group. With regard to skeletal difference, the
horizontal and vertical skeletal parameters before treatment,
before surgery, 1 month after surgery, and following com-
pletion of orthodontic treatment displayed no significant
differences between the surgery-first and orthodontics-first
groups. Only the lower incisors in the orthodontics-first
group showed a round-tripping tooth movement. The pre-
operative decompensation of the lower incisors relapsed to
a similar inclination as the initial status upon completion
of treatment. Therefore, lengthy preoperative orthodontic



preparation for dental decompensation is unnecessary in
Class III surgical orthodontics.””!

Therefore, the long-term outcomes of surgery-first ap-
proach provided in transverse,”?” vertical,®® and sagittal®”
dimensions had shown the same or better skeletal and
dental stability, as compared to that in orthodontics-first
approach. Why do you need to spend 12-18 months of
preoperative orthodontic treatment for gaining nothing in
final skeletal-dental stability? Certainly, patients would
appreciate immediate improvement in facial esthetics and
dental function right after the surgery, in addition to RAP
frequently observed in postoperative orthodontic treatment.

In 1977, Epker and Fish described that bone turnover
or remodeling in the entire bone area receiving operation
greatly increases following osseous surgery.®? This facili-
tates orthodontic tooth movement. Frost further observed
this RAP in long bone in 1989, and Wilcko et al.334!
described similar observations in membranous facial bone
in 2001 and 2003. The underlying biological mechanism
might involve accelerated bone turnover and decreased
bone density by way of a transient burst of localized severe
bone resorption and remodeling.*“% Liou er al."® hypoth-
esized that the phenomenon of postoperatively accelerated
orthodontic tooth movement might be related to increases
in osteoclastic activities and metabolic changes in the den-
toalveolus caused by the orthognathic surgery. Biomarkers
of osteoclastic activity (such as C-terminal telopeptide of
type I collagen) and osteoblastic activity (such as serum
alkaline phosphatase) could increase 1 week (osteoclastic)
and 1 month (osteoblabstic) after surgery, with elevated
levels lasting for 3-4 months. Orthognathic surgery might,
therefore, trigger 3-4 months of higher bone metabolism
postoperatively, which might then induce accelerated orth-
odontic tooth movement.

Conclusions

The surgery-first approach offers an alternative to the
orthodontics-first approach for correction of maxillofacial
deformity. The final outcomes, in the way of facial esthet-
ics, dental occlusion, and stability, are similar when using
orthodontics-first and surgery-first approaches. Dental occlu-
sion and facial esthetics can show immediate improvement
after surgery when using a surgery-first approach; this almost
eliminates the time spent on preoperative orthodontics. The
phenomenon of postoperatively accelerated orthodontic tooth
movement also reduces the difficulties associated with and
the time spent on postoperative orthodontics. Both the sur-
geon and orthodontist using a surgery-first approach should
be experienced and should cooperate closely to achieve pre-
dictable and satisfactory outcomes. Orthodontists should be
aware of the orthognathic principles and limits in orthodontic
movement, and plan postoperative orthodontic treatment to
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include dental alignment, incisor decompensation, arch coor-
dination, and occlusal interdigitation. The surgeon should be
capable of performing designated osteotomy and intermaxil-
lary fixation with occlusion bite plate on malaligned dental
arches and providing the stability after skeletal reposition.
Further studies, especially prospective cohort studies or ran-
domized controlled trials, are needed to provide additional
clinical evidence to support the surgery-first approach.
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