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Abstract. The aim of this study was to determine the skeletal stability of Le Fort I
maxillary advancement following the surgery-first approach, by three-dimensional
(3D) assessment of cone beam computed tomography (CBCT) scans and digital
dental models. CBCT scans of 25 class III patients obtained 1 week preoperatively
(TO) and 1 week (T1) and 6 months (T2) postoperatively were superimposed to
measure surgical movements (TO-T1) and skeletal relapse (T1-T2). The distorted
dentition of the CBCT scans at T1 was replaced with 3D images of the dental models
to assess the postoperative occlusion. Surgical movements of the maxilla (mean

+ standard deviation values) were 6.79 = 2.30 mm advancement, 1.28 + 1.09 mm
vertically, and 0.71 + 0.79 mm mediolaterally. Horizontal rotation (yaw) was
1.56° £ 1.21°, vertical rotation (pitch) 1.86° + 1.88°, and tilting (roll) 1.63° £ 1.54°.
At T2, the posterior relapse was 0.72 = 0.43 mm (P = 0.001) and relapse in pitch was
1.56° = 1.42° (P = 0.007). There was no correlation between the size of the surgical
movements and the amount of relapse. A weak correlation was noted between the
number of teeth in occlusal contact immediately following surgery and relapse of
maxillary roll (r = — 0.434, P = 0.030). The stability of maxillary advancement with
the surgery-first approach was satisfactory and was not correlated with the quality of
the immediate postoperative occlusion.
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Skeletal stability is one of the im-
portant criteria for determining the
success of orthognathic surgery and can
potentially be affected by dental, ske-
letal, and surgical factors'. Dental fac-
tors include incisor inclinations,
overjet, overbite, depth of the curve of
Spee, mandibular and maxillary plane
angles, and quality of the occlusion.
Skeletal factors include the severity of
the maxillomandibular deformities,
while surgical factors include the rota-
tion of the maxillomandibular complex,
magnitude of the surgical movements,
and method of fixation® *.

The conventional orthognathic ap-
proach is 12-24 months of preoperative
orthodontic treatment, followed by
surgical correction of the skeletal de-
formity and a phase of postoperative
orthodontics. In 2009, Nagasaka et al.”
proposed the surgery-first approach
(SFA), which eliminates the pre-
operative orthodontic treatment. The
surgery is performed first and the or-
thodontic treatment is performed en-
tirely  postoperatively.  Subsequent
studies have described several ad-
vantages of the SFA, including early
improvement in facial profile, greater
patient satisfaction, and a shorter
duration of treatment™"’,

However, it has been reported that
the SFA may increase the risk of ske-
letal relapse due to the relatively sub-
optimal immediate postsurgical
occlusion®”. In the conventional ap-
proach, the preoperative orthodontic
treatment is aimed at maximizing the
quality of the immediate postoperative
occlusion, whereas in the SFA, ortho-
dontic alignment and decompensation
are performed after surgical correction.
The impact of the quality of the post-
operative occlusion on skeletal stability
in patients undergoing the SFA has not
yet been fully investigated™'* "%

Some studies have reported no sta-
tistically significant difference in post-
operative stability between the SFA
and conventional approach'* '°, while
others have concluded that the SFA is
associated with less stable results'”'®.
In most previous studies, skeletal sta-
bility was evaluated using two-dimen-
sional (2D) cephalometric radiographs,
which do not allow mediolateral ske-
letal changes to be evaluated'*'® **. In
addition, the individual landmarks that
were used in the analyses, including
pogonion, point A, and point B, are
subject to remodelling following sur-
gery, and therefore are of doubtful va-
lidity for the evaluation of the skeletal

stability. Other studies have used the
same landmarks on three-dimensional
(3D) cone beam computed tomography
(CBCT) scans to evaluate skeletal re-
lapse, but the details of superimposition
of the corresponding 3D images were
missing”” .

Therefore, the aims of this study
were firstly to assess in 3D the skeletal
stability of Le Fort I maxillary ad-
vancement for the correction of max-
illary deficiency following the SFA, and
secondly to explore the correlation of
the skeletal stability and the quality of
the immediate postoperative occlusion.
In order to achieve the aims, this study
employed a novel hybrid model in
which the dentition of the immediate
postoperative CBCT scan is replaced
with the scanned dental model.

Materials and methods

This retrospective cohort study in-
cluded 25 skeletal class III patients who
were assessed in a multidisciplinary
orthognathic clinic. The patients were
diagnosed with maxillary deficiency
and underwent Le Fort I maxillary
advancement followed by fixed appli-
ance orthodontic treatment in ac-
cordance with the SFA. The surgical
procedures were conducted by the same
surgeon and followed the same surgical
protocol. No presurgical orthodontic
treatment was performed. The standard
protocol followed in each case included
clinical diagnosis, 3D digital prediction
planning of the occlusion and soft
tissue changes, and printing of the oc-
clusal guiding wafer. The surgical oc-
clusion agreed between the surgeon and
the orthodontist was based on the re-
quired postsurgical orthodontic treat-
ment and the dental decompensation.
The orthodontic treatment was started
immediately following the surgery.
Patients with cleft lip and palate and
those with a history of dentofacial
trauma or previous facial surgery were
excluded from the study. All of the
patients had CBCT scans performed
within 1 week prior to surgery (T0) and
at 1 week (T1) and 6 months (T2) fol-
lowing surgery.

The CBCT scans in DICOM file
format (Digital Imaging and
Communications in Medicine) were con-
verted to 3D STL format (Standard
Tessellation Language) using Maxilim
software (Medicim NV, Mechelen,
Belgium). Two reference planes were de-
fined on the scan images: a horizontal

plane (axial) passing through left and
right orbitale and left porion, and a ver-
tical plane (sagittal) perpendicular to the
horizontal plane passing through nasion.
A second vertical plane (coronal) was
automatically generated perpendicular to
the other two, passing through sella. The
TO, T1, and T2 3D models were then
imported into VRMesh software (Virtual
Grid, Bellevue, WA, USA) and trans-
formed such that the coordinates of the
nasion point were set as the origin (0,
0, 0).

The 1-week (T1) and 6-month (T2)
postoperative 3D models were regis-
tered to the preoperative (T0) 3D
model using surface-based registration
(Fig. 1). The anterior cranial base, zy-
gomatic arches, and forehead were
considered stable regions, unaffected by
surgery, and were used for the regis-
tration of the corresponding scans.
Three landmarks sited at the maxillary
right and left greater palatine foramina
and the incisive foramen were selected.
The 3D surgical movement (TO-T1)
and skeletal changes (T1-T2) were as-
sessed by measuring the translations
and rotations of the coordinates of
these three landmarks. Movements
were calculated in six degrees of
freedom: along the X, Y, and Z axes,
i.e. left/right, anterior/posterior, and
superior/inferior directions, and pitch,
roll, and yaw.

The postoperative CBCT scans (T1)
were not suitable for the analysis of the
immediate postoperative occlusion due
to the distortion of the dentition and
streak artefacts. Hence, the dental
study models that were taken 1day
before surgery were scanned using an
intraoral scanner (TRIOS 3; 3shape A/
S, Copenhagen, Denmark) and the
scanned images imported into IPS
CaseDesigner software (KLS Martin,
Tuttlingen, Germany) for replacement
of the dentition in the T1 CBCT scans.
Following conversion of the CBCT
DICOM files to 3D STL models, the
right and left condylar heads, mesio-
buccal cusp of the upper right and left
first molars, and point of contact be-
tween the two upper central incisors
were selected. The IPS CaseDesigner
software automatically registered the
scanned dental models with the denti-
tion of the CBCT scans based on the
iterative closest point (ICP) algorithm.
This allowed the generation of a virtual
3D skull model that incorporated the
scanned dental occlusion (Fig. 2).

The 3D models were then imported
into VRMesh software (Virtual Grid)
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Fig. 1. Visual representation of the steps for surface-based registration to evaluate postoperative outcomes. Step 1: the preoperative (A)
and postoperative (B) 3D models were superimposed on the anterior cranial base, zygomatic arches, and forehead (C). Step 2: surface-
based registration of the preoperative to the postoperative model (D). Step 3: landmark identification and formation of the maxillary
triangular plane (E) for calculation of the translations along the X-, Y-, and Z-axes and pitch, roll, and yaw. Step 4: generation of the
occlusal map (threshold —0.5 to 0.5) to assess the quality of the occlusion (F).

for visualization of the occlusal con-
tacts and the generation of an occlusal
colour-coded map on the maxillary
dentition. Colour-coding indicated the
proximity of the occlusal surfaces with
a range between —0.5mm and
+ 0.5 mm, which was based on a pilot
study. To assess the quality of the oc-
clusion, the dental arch was subdivided
into the anterior region (from right
canine to left canine) and posterior re-
gions (from premolars to second molars
on the right and the left sides). The
colour-coded map was then used to
identify whether occlusal contacts ex-
isted in each of these three regions. The
overjet, overbite, and number of teeth
in occlusal contact were also recorded.

Data analysis

The sample size for this study was cal-
culated using G*Power software ver-
sion 3.1.9.7 (March 17, 2020)
(Heinrich-Heine-Universitat

Diisseldorf, Diisseldorf, Germany). At
a significance level of P < 0.05, and

with a 95% confidence interval and
power of 0.90, 19 subjects were re-
quired to detect a l-mm skeletal
change.

Normally distributed data were ana-
lysed using the paired z-test, while non-
normally distributed data were ana-
lysed wusing the Wilcoxon signed-
rank test.

To assess intra-examiner reliability,
all of the CBCT measurements were
repeated after 4 weeks. To assess the
intra-examiner reliability of the occlu-
sion analysis using IPS CaseDesigner,
the same researcher repeated the re-
placement of the dentition in the CBCT
scans after a 4-week interval for 50% of
the cases and measured the occlusal
contacts again. The error of land-
marking and the reproducibility of the
measurement method were calculated
in terms of the absolute mean differ-
ence between the two measurements.
The intra-class correlation coefficients
(ICC) for the correlation between the
two measurements were computed
using a two-way mixed model to test

for the absolute agreement, with a 95%
confidence interval. The size of the
measurement error was calculated
using Dahlberg’s formula.

The relapse ratio percentage was
calculated as ((T1-T2) x 100)/(T0-T1).
The range of relapse was categorized
into four groups: group 1, < 0.5 mm;
group 2, 0.5-1 mm; group 3, 1-1.5 mm,;
group 4, >1.5mm. Pearson or
Spearman correlation analysis was ap-
plied to evaluate the relationship be-
tween skeletal relapse (T1-T2) and
both the magnitude of the surgical
movement (TO-T1) and the quality of
the occlusion achieved immediately
after surgery. Probabilities of less than
0.05 were accepted as significant.

Results

The mean age of the 25 patients included
in this study was 29.12 + 10.86 years.
Fourteen patients were male and 11 were
female. A genioplasty was performed in
four cases. The mean duration of the
postoperative orthodontic treatment was
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Fig. 2. Replacement of the dentition in IPS CaseDesigner. (A) CBCT STL model in IPS
CaseDesigner software; the left and right condyle, mesiobuccal cusps of the maxillary first
molars, and central incisors contact point are marked. (B) Scanned dental models. (C)
Sagittal view of the 3D CBCT skull model showing the fused scanned models. (D) Frontal
view showing the CBCT occlusion replaced by the scanned dental models.

Fig. 3. Preoperative facial and occlusal views of one of the patient cases.

11.7 = 5.7 months, and all patients com-
pleted the postoperative orthodontic
treatment. Figs. 3-5 show the profile and
occlusion before surgery, immediately
after surgery, and on completion of or-
thodontic treatment for one of the patient
cases included in this study.

Excellent correlations were detected
between the repeated digitizations of the
landmarks in the X, Y, and Z axes at TO,
T1, and T2. Only the x coordinate of the
incisive foramen landmark showed any
statistically significant difference:
0.12 £ 0.29mm at TO (P=0.048) and

—0.09 = 0.26 mm at T2 (P=0.011). The
measurement error was found to be less
than 0.5mm using Dahlberg’s formula.
There was also an excellent correlation
between repeated measurements of the
occlusion (r=0.991). The intra-examiner
mean difference in occlusal contacts in
IPS  CaseDesigner  software  was
0.07 = 0.27 mm (P =0.337).

The preoperative overjet (mean
+ standard deviation) was —2.75 +
2.04mm and overbite was —2.04
2.53 mm. Both showed a significant
improvement at 1 week following
surgery (change in overjet
6.94 + 2.42mm, P < 0.001; change in
overbite 2.56 * 2.58 mm, P < 0.001).
At 1 week following surgery, 13 pa-
tients had occlusal contacts in two
regions, with the average number of
the teeth in contact being 3.85 + 1.89
(Table 1).

The surgical movement (TO to T1) of
the maxilla (mean * standard devia-
tion) was 6.79 £ 2.30mm forward,
1.28 + 1.09 mm vertically, and
0.71 £ 0.79 mm mediolaterally. The
horizontal maxillary rotation (yaw) was
1.56° + 1.21°, the vertical rotation
(pitch) was 1.86° £ 1.88°, and tilting
(roll) was 1.63° £ 1.54°.

The mean maxillary relapse in the
posterior direction was 0.72 = 0.43 mm
(P=0.001). The vertical relapse was
0.57 £ 0.47mm, with 60% in the
downward direction and 40% in the
upward direction. The mediolateral re-
lapse was 0.30 = 0.33 mm, with 48% to
the right and 52% to the left. Relapse in
roll (1.28° £ 0.82°) and yaw
(0.81° £ 0.68°) was detected. The re-
lapse in pitch of 1.56° * 1.42° was
statistically significant (P =0.007). In
19 cases, the relapse did not exceed
1.0 mm. In 14 cases the relapse was less
than 10% of the total surgical move-
ment, in eight cases it was between 10%
and 20%, and in three cases it was more
than 20%.

Regarding the correlation between
relapse and the surgical movements and
between relapse and the postoperative
occlusion, a weak correlation was
noted between the roll, yaw, and pitch
of the surgical movements and the de-
tected relapse at T2. Interestingly, there
was no statistically significant correla-
tion between the magnitude of the
surgical movements and the detected
relapse at 6 months. A weak correlation
was detected between maxillary relapse
of roll and the number of the teeth in
occlusal contact (r = —0.434, P =0.030).
No correlation was found between the



YIJOM-5209; No of Pages 8

Fig. 5. Facial and occlusal views at the completion of treatment.
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quality of the occlusion and the stabi-
lity of the anteroposterior maxillary
movement (Table 2).

Discussion

This study is novel in investigating the
3D relationship between the immediate
postoperative occlusion and skeletal
stability following Le Fort I maxillary
advancement by SFA, using CBCT
scans and the scanned dental models.
The study findings demonstrated a
statistically significant relapse in max-
illary pitch of 1.56° = 1.43° (P =0.007)
and posterior shift of 0.72 £ 0.43 mm
(P =0.001). However, this is considered
to be of limited clinical significance,
and the maxilla remained stable within
1.0 mm and 1.5° of its immediate post-
surgical position. In 19 cases, the hor-
izontal maxillary relapse was less than
1.0 mm. This is contrary to the findings
of Liao et al.”°, who showed negligible
relapse of the maxilla (<0.5mm and
<0.5°). On the other hand, Lo et al.’
reported significant posterior relapse at
point A (1.0 £ 0.9 mm, P < 0.001) and
at anterior nasal spine (ANS)
(1.5 £ 1.2mm, P < 0.001). In these
two previous studies, the analysis was
based on individual landmarks in-
cluding point A, which is subject to
remodelling, and ANS, which is usually
removed or trimmed during surgery. In
addition, their method of CBCT regis-
tration was not reported. Baek et al.”’
reported no significant relapse in the
anteroposterior position of point A.
However, in their study, the maxillary
movement was limited to 4.3mm of
posterior impaction without notable
surgical change in the anteroposterior
direction. Similarly, Kim et al.'® re-
ported no relapse of the maxilla in cases
with a small anterior—posterior surgical

Table 1. Occlusal characteristics of the 25 class 111 patients treated with the surgery-first approach.

Occlusion Preoperative (T0) 1-week postoperative (T1) Change (T0-T1) P-value
Mean * standard deviation
Overjet (mm) =2.75 £ 2.04 4.19 £ 2.31 6.94 + 242 <0.001*
Overbite (mm) —2.04 + 2.53 0.52 £ 1.39 2.56 * 2.58 <0.001*
Number of teeth in contact 344 + 328 3.85 +1.89 0.38 + 3.69 0.463
Number of occlusal regions 1.56 = 1.1 2.12 £ 0.71 0.53 + 1.27 0.041
n (%)
Contact distribution
Anterior region 12 (48%) 16 (64%)
Right posterior region 14 (56%) 19 (76%)
Left posterior region 12 (48%) 17 (68%)
Number of regions with occlusal contacts
Three regions 7 (28%) 7 (28%)
Two regions 5 (20%) 13 (52%)
One region 8 (32%) 5 (20%)

"Significant, P < 0.05.
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Table 2. Correlation between relapse at 6 months and the surgical movement, as well as the immediate postoperative occlusion.

Distribution of

Number of teeth

Surgical

Relapse (T1-T2) occlusal contacts in contact Overjet Overbite movement (T0-T1)

Translation (mm)

Left/right r=0.138 r=0.065 r=-0.159 r=0.179 r=0.209
P=0.512 P=0.757 P =0.449 P=0.392 P=0.316

Posterior/anterior r=-0.104 r=-0.255 r=0.249 r=-0.165 r=0.204
P=0.621 P=0.219 P=0.231 P=0.430 P=0.329

Superior/inferior r=0.273 r=0.182 r=0.072 r=0.324 r=10.058
P=0.187 P=0.385 P=0.733 P=0.114 P=0.784

Rotation (°)

Pitch r=-0.083 r=-0.075 r=0.289 r=-0.080 r=0.271
P=0.694 P=0.721 P=0.161 P=0.705 P=0.190

Roll r=0.255 r=-0.434 r=0.151 r=-0.073 r=0.143
P=0.219 P=0.030* P=0472 P=0.730 P=0.495

Yaw r=0.310 r=-0.367 r=0.299 r=0.291 r=0.147
P=0.132 P=0.071 P=0.147 P=0.158 P=0.482

TO, 1 week preoperative; T1, 1 week postoperative; T2, 6 months postoperative. *Significant, P < 0.05.

movement (0.8 £ 1.3 mm) and without
any notable vertical movement. All of
these previous studies assessed the sta-
bility of the SFA in patients who had
bimaxillary surgery” ““*?’. They all
agreed that the greater the clockwise
rotation of the mandible, the greater the
relapse of the maxilla following surgery™.
Therefore, the present study was limited
to patients who had undergone Le Fort I
osteotomy only in order to avoid the im-
pact of mandibular stability on the max-
illary relapse.

The classic hierarchy of stability pub-
lished by Proffit et al.”’ classified the re-
lapse following orthognathic surgery
according to 2D cephalometric analysis.
Changes of less than 2 mm were not in-
cluded, as these were within the error of
the method and clinically insignificant.
Although 2 mm of relapse might be a re-
latively small proportion of a 10-mm
maxillary advancement, it is 50% of a 4-
mm surgical movement. The presented
subdivision of the percentage of relapse in
the current study addressed this issue and
provided a meaningful measure to eval-
uate the stability of orthognathic surgery
in relation to the surgical movements
achieved.

Landmarks that are altered during
surgery were excluded in this study, in-
cluding ANS and those that undergo
postoperative remodelling such as point
A, which can misinform the assessment of
surgical stability. Stable landmarks were
selected to identify the maxillary plane
and measure maxillary movements in six
degrees of freedom. In contrast to pre-
vious studies™, no statistically significant
correlation between the magnitude of the
surgical movements and relapse was de-
tected. A possible explanation for the re-
lapse noted in the pitch of the maxilla
might be due to the settling of the maxilla

following the removal of occlusal inter-
ferences during the postsurgical ortho-
dontic treatment.

The relationship between the occlu-
sion and relapse in SFA cases has not
been studied before. Previous studies
have reported the correlation between
the preoperative’ or planned occlusion
and relapse”*”°. To prevent relapse,
stabilization of the postoperative oc-
clusion with the surgical wafer has been
reported™'*****! However, the ana-
lysis of occlusion in these studies was
limited to incisor inclinations, occlusal
cant, and preoperative overjet and
overbite. It was therefore important for
the current study to evaluate the im-
mediate postoperative occlusion more
comprehensively in cases managed with
the SFA, to assess its impact on the
stability of the osteotomy segments.

This study is novel in replacing the
dentition of the postoperative CBCT
scans with digital dental models to allow
accurate quantitative assessment of the
occlusion. Baan et al.’” assessed the ac-
curacy of IPS CaseDesigner and Ortho-
Analyzer software in replacing the denti-
tion of CBCT scans with scanned dental
models. Comparisons were made to the
laser scanned skull with dentition, which
was used as the gold standard. IPS
CaseDesigner showed a high level of ac-
curacy, with a mean difference of 0.2 mm,
which was less than the voxel size of the
CBCT (0.40 mm)™~.

In this study, it was considered that the
distance between +0.5mm and —0.5 mm
represented occlusal contact and that an
inter-occlusal distance of 0 mm represents
an edge-to-edge occlusion. This provided
the necessary guide to generate the colour-
coded occlusal map, which showed the
distribution and number of occlusal con-
tacts within the defined regions. Detailed

analysis of the occlusal maps demon-
strated that the relapse of the Le Fort I
maxillary advancement was weakly cor-
related (r=-0.434) with the number of
teeth in contact in the immediate post-
operative occlusion. This finding suggests
a limited impact of the quality of the
postoperative occlusion on the skeletal
stability of Le Fort I osteotomy in SFA
patients.

In summary, this study demonstrated a
satisfactory level of stability of Le Fort I
maxillary advancement in a cohort of
SFA patients. This adds to the overall
merits of this approach, which include a
significantly reduced treatment duration
and a reduced number of clinical ap-
pointments, whilst achieving comparable
occlusal outcomes™. The SFA provides
an immediate correction of the skeletal
discrepancy, which has been shown to
improve patient quality of life** without
compromising the quality of the facial
aesthetics™.

The main limitation of this study was
the single cohort of patients who had
followed a single treatment approach. The
relatively short-term follow-up period is
also acknowledged. Multicentre studies
with a longer follow-up assessment are
therefore recommended. Despite the fact
that prospective randomized studies pro-
vide the highest level of evidence, the au-
thors believe it would be unethical to
randomly allocate patients to the con-
ventional orthodontics-first approach
when it would be possible to achieve
comparable results with a shorter dura-
tion of treatment using the SFA.

In conclusion, the skeletal stability of
the surgery-first approach for the cor-
rection of maxillary deficiency is sa-
tisfactory and was found not to be
correlated to the magnitude of ante-
roposterior surgical movement. No
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correlation was found between the
quality of the occlusion and the stabi-
lity of the anteroposterior maxillary
movement.
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