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Abstract

The objective of this study was to update and redefine some concepts of the surgery-first (SF) approach, regarding its indications and
contraindications, virtual planning work-up, surgical tips, and postoperative orthodontic benefits, after 10 years of experience. A retrospec-
tive analysis was made of orthognathic surgical procedures following the SF protocol between January 2010 and December 2019 to review
inclusion and exclusion criteria, diagnostic workflow, surgical tips, and postoperative outcomes. A total of 148 SF procedures were per-
formed during this period, which corresponded to only 9.2% of the total orthognathic surgeries performed, which means that we have broad-
ened the exclusion criteria instead of reducing them. Surgical tips include interdental corticotomies solely in cases of anterior crowding and
leaving the intermaxillary fixation miniscrews in place postoperatively for orthodontic skeletal anchorage. The mean duration of postoper-
ative orthodontic treatment was reduced in comparison to conventional surgery (36.8 vs 87.5 weeks). The overall degree of satisfaction was
high not only for the patients, but also for the orthodontists and surgeon. SF is especially indicated for patients who desire an immediate
aesthetic result, with short-term orthodontics, or for treatment of sleep-related breathing disorders, if they meet the established criteria.
� 2022 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introduction

In recent years, timing of the ortho-surgical sequence has
been revisited and new schemes have been proposed. The
traditional ‘orthodontics before surgery’ approach was the
norm until recently when Nagasaka et al.,1 in pursuit of
improving patient satisfaction, proposed operating before
orthodontic treatment, and in doing so re-popularised an
older protocol. The surgery-first (SF) protocol consists of
correcting bone before correcting tooth position and occlu-
sion, and does not require the pre-surgical orthodontic treat-
ments of decompensation, dental alignment, and levelling.2

By starting the treatment with surgery, an immediate
improvement of the skeletal discrepancy, upper airway
https://doi.org/10.1016/j.bjoms.2022.04.006
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volume, and facial aesthetics can be achieved,3 and the per-
iod of ‘clinical worsening’ (occlusally and aesthetically) seen
during orthodontic decompensation (mainly in marked Class
III cases rather than in Class II skeletal dysplasias) is
avoided.

Thanks to 3D imaging and simulation, the prediction of
dental and bony movements is now more reliable, and stabil-
ity after surgery without a previous orthodontic treatment is
feasible.4 In this case, a virtual orthodontic setup must be cre-
ated to predict the final dental occlusion, especially regarding
the inclination of the incisors, in order to establish a surgical
treatment objective (STO).5

With the SF approach, the overall duration of treatment is
reduced, since the efficiency of postoperative orthodontic
treatment is increased3,6,7 due to the regional and systemic
acceleratory phenomenon (RAP8 and SAP,9 respectively).
This leads to a local and systemic increased metabolic turn-
over of bone that has been shown to accelerate the tooth
ns. Published by Elsevier Ltd. All rights reserved.
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movement with a peak activity during the first two months
after surgery.4,10 Moreover, patients treated following the
SF protocol report higher degrees of satisfaction, cooperate
better, and have a better quality of life (QoL).11

However, as scientific evidence related to SF increases, its
indications and protocols are constantly changing, which is
why the treating specialist must be up to date. Therefore,
the aim of the present study was to update and redefine some
concepts of the SF approach, regarding its indications and
contraindications (Table 1), virtual planning work-up, surgi-
cal tips and postoperative orthodontics benefits after 10 years
of experience and to update our previous publications on this
topic.3,12–14

Methods

Study design and sample selection

A retrospective analysis of all orthognathic surgical proce-
dures with an SF approach performed by the same surgeon
(FHA), at a specialised centre in dental-maxillofacial anoma-
lies during a 10-year time period (between January 2010 and
December 2019), was carried out to update concepts of the
SF orthognathic surgery protocol.

Patients over the age of 18 (with a complete maxillofacial
development) who had no active orthodontic treatment
before the surgery (or during the previous 2 years), were
included. Patients that required any active orthodontic treat-
ment before surgery were excluded, as well as surgery-only
procedures.14 Subjects presenting with any craniofacial syn-
drome or pathological background that could compromise
bony healing were also excluded.

The study was approved by the Ethics Committee of the
Teknon Medical Centre (Barcelona, Spain) (Ref. SF10y),
and was conducted in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later
amendments.
Table 1
Inclusion and exclusion criteria for the surgery-first (SF) approach.

Variable Inclusion criteria

Patient – Desire for an immediate aesthetic improvement
– Treatment for sleep-related breathing disorder

Treating team – Agrees on a reduced treatment time protocol
Occlusal relations – Minimal crowding of the anterior teeth, not requi

extraction

Dentoalveolar
Skeletal

Others
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Inclusion and exclusion criteria for surgery-first approach

After the assessment of the patient’s dentofacial anomaly, the
feasibility of performing SF was evaluated by the combined
orthodontic-surgical team using study models and the com-
plete diagnostic work-up (clinical pictures, a cone-beam
computed tomographic (CBCT) scan (iCAT, Imaging
Sciences International) of the head of the patient, and an
intraoral surface scan of the dental arches using a Lava Scan
ST scanner (3MTM ESPE)).15 First, postoperative occlusal
harmony was verified in order to obtain final postoperative
stability. Then, according to the update of our protocol,13

the current indications for including or excluding patients
from an SF approach are listed in Table 1.

Virtual planning work-up

The preoperative CBCT scan of the patient’s head and face,
and surface intraoral scanning of the dental arches were
imported and fused using a software program (Dolphin�

3D Orthognathic Surgery Planning Software, Version 11.8)
for pre-surgical 3D planning.15 A virtual orthodontic setup
was performed to establish the final occlusion, specifically
the final position and axial inclination of the upper and lower
incisors, and at the same time to corroborate the feasibility of
an SF approach (Figs. 1–3). This position was then used to
plan the surgical movements of the maxilla and/or
mandible12,16,17 according to the STO (Supplementary
Fig. 1, online only and Figs. 4).

Surgery

Patients were operated on under general anaesthesia, except
for mandible-only procedures, which were mostly carried out
under local anaesthesia and sedation. In cases in which con-
ventional orthodontic treatment was going to be used,
bracket bonding was done 1 week before surgery, and a
Exclusion criteria

– Does not understand the protocol
– Has unrealistic expectations
– Inexperienced in orthognathic surgery

ring tooth – Severe crowding requiring extractions
– Class II second division malocclusion with an overbite
– Very deep curve of Spee
– Asymmetrical dentoalveolar compensations
– Maxillary transverse discrepancy of more than 6 mm
– Severe asymmetries with 3D dental compensations
– If applying SF protocol implies modifying the surgical
plan

– Periodontal disease (until treated)
– Unstable temporomandibular joint disorder (until
stabilised)
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Fig. 1. Virtual orthodontic setup of a clinical case: preoperative situation.

Fig. 2. Virtual orthodontic setup of a clinical case: postoperative situation.
This “scenario” is used to design the final splint.

Fig. 3. Virtual orthodontic setup of a clinical case: anticipated final result
after orthodontic treatment. This allows the surgeon to anticipate the final
position of the upper incisor and plan the bimaxillary surgical movements
accordingly.

Fig. 4. Virtual surgical 3D planning of the same case: sagittal view of
virtual bimaxillary surgery.
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nickel-titanium (NiTi) soft arch wire was placed the day
before surgery. The first surgical step consisted of placing
4–8 transmucosal 2mm miniscrews for intermaxillary
lease cite this article in press as: Hernández-Alfaro F. et al. Redefining our protocol of the or
axillofacial Surgery (2022), https://doi.org/10.1016/j.bjoms.2022.04.006
fixation with surgical splints in place, since hooks cannot
be used with soft-arch wires and the Invisalign� system does
not provide any anchorage.

Then, orthognathic surgery was performed following a
mandible-first approach and using the conventional protocol
of the surgical team, as further detailed elsewhere.18,19 In
cases of anterior crowding, interdental corticotomies (os-
teotomies of the buccal cortex) were performed with a piezo-
electric saw on the mandible and maxilla to further induce
the previously stated RAP and SAP, and which would allow
increased orthodontic management in this region postopera-
tively.9 Intermaxillary fixation miniscrews were left in place
postoperatively for the use of light guiding elastics during the
first month, and for skeletal orthodontic anchorage when
needed. The final splint was left in place for 3 weeks after
surgery only when a segmental maxillary osteotomy had
been carried out.

Patients were referred to the orthodontist 2 weeks after
surgery when there was enough mouth opening allowed
treatment to begin.

Evaluation and statistical analysis

A descriptive analysis using SPSS for Windows (version
15.0.1, SPSS Inc) of the following compiled variables was
performed: age; gender; main complaint (functional,
aesthetic, or due to obstructive sleep apnoea-hypopnoea
thognathic surgery-first approach after 10 years of experience. British Journal of Oral and
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syndrome); if the patient consulted with the orthodontist first
or directly with the surgeon; initial class of occlusion, initial
facial pattern; previous orthodontic treatments; type of
orthodontic treatment (conventional stainless steel brackets,
ceramic braces, lingual braces or Invisalign�); type of
orthognathic surgery (maxillary, mandibular and/or chin)
and complementary procedures; intraoperative and postoper-
ative complications; and total treatment time (surgery + ortho
dontics). The overall degree of satisfaction of the patient,
orthodontist, and surgeon at the end of the postoperative
orthodontic treatment was also obtained. A visual analogue
scale (VAS) ranging from 0 (not satisfied at all) to 10 (great-
est possible satisfaction) was used, rating final facial appear-
ance, occlusion, and how bearable the complete treatment
was.

Results

A total of 148 orthognathic surgery procedures have been
performed following an SF protocol during a 10-year period
(between January 2010 and December 2019). It represents a
9.2% of our orthognathic surgeries. There were 89 females
(60.1%) and 59 males (39.9%), with a mean (range) age of
28 (18–68) years (Table 2).

Whereas 61.5% of the patients (n = 91) were referred by
their orthodontist, 38.5% (n = 57) were self-referred. The
main chief complaint was functional occlusion (55.4%,
n = 82)), followed by aesthetics (33.8%, n = 50)) and
sleep-related breathing disorders (10.8%, n = 16). Every
patient who had sought treatment due to sleep-related breath-
ing disorders (16 cases) was able to discontinue use of a noc-
turnal continuous positive airway pressure (CPAP) device
right after the surgery.
Table 2
Demographic data and main initial diagnosis.

Variable Number
(%)

Total number of patients: 148
Female 89 (60.1)
Male 59 (39.9)

Previous orthodontic treatment:
Yes 59
No 89

Main initial dental-skeletal diagnosis:
Class I: 13 (8.8)
Maxillary hypoplasia (bi-retrusion) 6 (46.2)
Maxillary hyperplasia (open bite) 6 (46.2)
Mandibular hyperplasia 1 (7.6)

Class II: 54 (36.5)
Vertical maxillary hyperplasia (long face) 15 (27.8)
Vertical maxillary hypoplasia (short face and bi-

retrusion)
14 (25.9)

No vertical problems (mandibular hypoplasia) 25 (46.3)
Class III: 68 (45.9)
Vertical mandibular excess (long face) 20 (29.4)
Vertical maxillary deficiency (short face) 16 (23.5)
No vertical problems 32 (47.1)

Asymmetry 13 (8.8)
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The initial dental-skeletal diagnosis of the sample is also
summarised in Table 2, and types of orthodontic and orthog-
nathic surgical treatments performed in Table 3, (online
only). Additional concomitant ancillary or functional surgi-
cal procedures were performed in 89 patients (60.1%), which
are specified in Table 4, (online only). The postoperative
orthodontic treatment lasted an average of 36.8 weeks
(range: 15-72 weeks). Finally, surgical complications and
patient, surgeon, and orthodontist degree of satisfaction are
compiled in Table 5, (online only).

Discussion

Since the beginning of using the SF approach, several refine-
ments of the technique have been described regarding its indi-
cations and contraindications, virtual planning work-up,
surgical tips and postoperative orthodontic benefits, which
will be discussed below following a point-by-point format.

First, regarding patient selection, although after a reason-
able learning curve of 10 years would apparently imply a
broadening of the inclusion criteria, from our point of view
these have been limited instead of increased. It is reflected
in our SF/other-approach ratio, where surgeries following
the SF protocol only represent 9.2% of all our orthognathic
surgeries, whereas other centres report higher SF ratios
(32.2% and 46.4%).20,21

Some points of the inclusion and exclusion criteria
(Table 1) require further explanation: (a) class II division 2
deep-bite patients are excluded because the negative torque
of the upper incisors would limit the appropriate surgical
mandibular advancement; (b) the concept of asymmetric
dentoalveolar compensations refers to the presence of oppo-
site torque of the posterior teeth on each side (curve of Wil-
son), which is present in most asymmetric jaws, and also in
patients with an uneven posterior dentoalveolar height,
which is typical of vertical asymmetries. So, we consider that
any asymmetric dentoalveolar compensation is a red light for
us, since it could condition a malposition of the skeletal base;
(c) whenever the surgical plan differs from the one that
would be designed in a conventional surgery-late scenario
is another very relevant contraindication for our SF protocol.
Examples would be the need to perform segmental surgery to
compensate for transverse dentoalveolar torque problems or
adding a genioplasty to compensate for a poor torque of the
lower incisors, or the need to perform mandibular remod-
elling to compensate for posterior vertical dentoalveolar
asymmetries; and (d) both periodontal disease (until treated)
and unstable temporomandibular joint disorder (until sta-
bilised) would be a contraindication for both SF as well as
orthodontics first approach.

As for patient recruitment, the authors would like to high-
light that patients are now more aware of their dentofacial
anomalies thanks to the internet and social networks, and a
consultation with the surgeon before the orthodontist is
increasingly more common. Regarding specifically our
self-referred patients (38.5%), 28 of them consulted for
aesthetic reasons (49.1%), 7 for respiratory problems
ognathic surgery-first approach after 10 years of experience. British Journal of Oral and
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(12.3%), and the remainder 38.6% for malocclusion prob-
lems. Also, referrals from pulmonologists of patients with
sleep-related breathing disorders to evaluate the possibility
of surgical treatment is becoming more common, as a result
of the proven benefits of orthognathic surgery in these
cases.22 Usually, patients looking for immediate aesthetic
improvement are typically class III, whereas those looking
for a quick solution to an underlying sleep disorder are class
II patients.

In relation to the virtual surgical planning work-flow, vir-
tual orthodontic setup inherent to Invisalign� system has
proven really helpful for subsequent virtual surgical plan-
ning, since final relations and inclination of the incisors have
been analysed previously and can be added to the virtual sur-
gical planning, which increases final treatment accuracy.
Needless to say, the SF approach implies a longer learning
curve, since its management requires an abstract visualisa-
tion and prediction of the orthodontic objectives, which
can be portrayed virtually, but not transferred to the patient
until after surgery.

Some virtual surgical planning key points should be high-
lighted. In SF cases, it is of utmost importance to consider
post-surgical anteroposterior changes in the position and
inclination of upper and lower incisors. While the upper inci-
sors guide the 3D repositioning of the maxillomandibular
complex in class I patients, the lower incisors indicate the
need for a genioplasty.

Interdental corticotomies are not systematically per-
formed, since it has been proven that maxillary-mandibular
osteotomies also cause RAP/SAP.9 Currently, they are solely
performed in cases of anterior crowding to provide an
increased orthodontic management of this region. Addition-
ally, a mandibular front-block osteotomy is carried out for
anterior dentoalveolar decompensation by tipping the anterior
teeth labially in cases with negative torque and thin bone and
gingival biotypes. Some authors leave the final splint in place
for 4-6 weeks to improve postoperative stability.23 However,
our philosophy is that this should be minimised to take advan-
tage of RAP/SAP-assisted orthodontic movements.24

Table 4 (online only) shows the number and variety of
additional concomitant ancillary or functional surgical proce-
dures performed in 60.1% of the sample, which means that
the orthognathic surgical procedure is not hindered or altered
because of the SF approach. On the other hand, complica-
tions related to surgery were also reviewed (Table 5, online
only), and when compared with those reported in the litera-
ture of the conventional ‘orthodontics before surgery’
approach, these resulted to be similar or even slightly less,
which means that the SF approach is as safe as the conven-
tional approach. The most frequent postoperative drawback
was the requirement of hardware removal due to exposure
(6.1%),25 followed by inferior alveolar nerve damage
(3.4%)26 and early surgical site infection during the first post-
operative month (2.7%).27,28 Regarding dental ischemic
problems, there were only two cases (1.4%),29 and both in
cases of maxillary segmentation. Interestingly, neither of
them received corticotomies.
lease cite this article in press as: Hernández-Alfaro F. et al. Redefining our protocol of the or
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Finally, our results show a mean duration of orthodontic
treatment of 36.8 weeks, which is less than in the published
literature at 56.3 weeks,3,6,7,13 and which is shortened com-
pared to the conventional protocol that has a mean duration
of 87.5 weeks.

Our patients’ degree of satisfaction following an SF
approach was high (9/10), and what the patients highlighted
the most was not having to go through a previous orthodontic
treatment that entails a deterioration in QoL. The surgeon’s
and orthodontists’ degree of satisfaction was absolute, except
in cases where the orthodontist was inexperienced with
orthognathic surgery. Therefore, the treating team’s training
and experience, as well as a fluid dialogue between the two
teams is of uppermost importance.

Last but not least, the long-term stability of the SF
approach is still unclear,3,4,7,30 and a limitation of the present
review is the lack of a postoperative stability analysis.

Conclusion

We can conclude that the SF approach provides relevant ben-
efits and is suitable when patients meet the above-mentioned
criteria. In our quest to achieve predictable results, we have
broadened our exclusion criteria.
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