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State-of-the art analysis of soft tissue changes in response to Le Fort | maxillary
advancement

Abstract:

Aim; This study was carried out to provide a comprehensive description of facial
changes following Le Fort | osteotomy and introducing a novel tool for facial
anthropometric analysis. Materials & methods; This study was carried out on 33
patients who had had Le Fort | maxillary advancement with or without posterior
vertical impaction. The investigation was conducted on the CBCT images which
were captured one month before surgery and 6 to 12 months postoperatively. Two
types of the analysis were applied in this study, the Euclidian corresponding
distances and the directional distance analysis. The average antero-postherior
surgical movement of the maxilla was the advancement of 5.9mmz+1.7mm with
minor anterior and posterior vertical maxillary impaction of 0.1mmz+1.7mm and
0.6mm+1.45mm respectively. There were a distinctive forward soft tissue
movements combined with a marked lateral expansion at the upper lip and
paranasal regions; the right and left alar curvatures and the columella showed a
marked upward movement. The effect on the nose was limited to the widening and
advancement of the nostrils as well as the base of the nose (Subnasale and alar
base) region with a minimal forward change but a noticeable upward movement at
the nasal tip. The changes at the cheeks were to a lesser extent, with minor but
consistent upward and forward movements. Conclusion, Dense anatomical surface
correspondence is a novel method and produced a comprehensive visual analysis of
the facial morphology changes in response to surgery, Le Fort | advancement
osteotomy widened the mid-face and upper lip, compressed and widened the
nostrils and shortened the lower lip. The effect of surgery may extend to the chin

and lower lip secondary to maxillary impaction.



Introduction

The majority of the 3D facial analyses are based on individual landmarks which are
digitized on the captured imag.' However, this method fails to describe the facial
morphology adequately, the analysis is limited to the soft tissue at a few selected
points and the anatomical characteristics between these landmarks are not
considered. In addition, the reproducibility of facial landmarks is limited.*° To
overcome these deficiencies the colour coded inter-surface distance maps were
introduced. This method gained a wide popularity for its simplicity in describing
facial changes. It has been widely applied to characterise facial shape amongst
various populations®®and to describe facial changes following orthognathic
surgery.®>'™® The method was applied to evaluate facial shape variations based on
the closest point on the corresponding facial surfaces. However, the lack of
anatomical correspondence between the points of the examined soft tissue

surfaces is one of its major short comings.’

The application of generic meshes for analysing biological geometry has been
reported.’? The generic mesh is a mathematically constructed facial surface mask
that resembles the human face morphology, it is composed of a standard number
and equal sized triangles with their vertices indexed. The generic mesh is
elastically deformed to adapt more specifically on the shape of the 3D facial image
in a process known as “conformation”, this allows tracking of the displaced
vertices of the surface mesh due to morphological changes of the imaged face
secondary to surgery, pathology or facial growth, using the index of the generic
mesh vertices.'®This approach provides an anatomical correspondence (dense
surface correspondence) between the matched 3D facial images, which are the
preoperative and postoperative images in this study, to detect and quantify

surgical changes.

Analysis of facial morphology using dense surface correspondences is relatively
new to the field of orthognathic surgery. It has been shown that the method could

be applied to study the human faces.'® Anthropometric facial mask was applied to



described the soft tissue changes due to growth and orthognathic correction of
asymmetric face. The analysis produced a visual display of the Euclidean distances
between dense surface correspondences of a series of images which represented
the facial morphological changes.'*°

The aim of this study is to provide a comprehensive description of facial changes
following Le Fort | osteotomy and introduce a novel tool for facial anthropometric

analysis.

Materials and methods

This study was carried out on 33 patients who had had Le Fort | maxillary
advancement with or without posterior vertical impaction. Standard osteotomy
was carried out, nasal cinching stitch was performed in addition to the trimming of
the anterior nasal spine. Patients were white Caucasian, mixed gender and aged
between 17 and 46. The investigation was conducted on the CBCT images which
were captured one month before surgery and between 6 to 12 months following Le
Fort | osteotomy. Full facial scan at 0.4 mm voxel size resolution was performed
using the i-Cat cone beam CT machine. Ethical approval was obtained from the

local ethics committee.

The magnitude of maxillary surgical movements were measured according to the
reported novel method based on the superimposition of the preoperative and
postoperative CBCT scans.'® To quantify maxillary movements measurements were
taken as the mean displacement of three anatomical landmarks on the maxilla
(incisive foramen, right and left greater palatine foramina) and the mean of three
landmarks on the mandible (genial tubercle, right and left mental foramina) due to
surgery. The differences between the preoperative and postoperative position of
these points in relation to the common reference planes in the x, y, z directions

were recorded as the skeletal displacements.

The novel soft tissue analysis is based on the concept of creating an anatomical
dense correspondence using a generic facial mesh. The generic facial mesh was

elastically deformed to take the shape each patient’s face by the process of



“Conformation”. The process involved two stages; first was the initial deformation
which was guided by manual placement of 20 anatomical landmarks and a second
automated stage for conformation refinement. For each patient, the generic facial
mesh was conformed twice, into the preoperative 3D facial image and into the
postoperative one. Procrustes superimposition was applied to the conformed 3D
preoperative images and also applied to the conformed 3D postoperative images to
obtain an average postsurgical and postsurgical image of all the cases. This
allowed the application of the dense surface correspondence analysis between the
two averaged images as they share the same number and vertices index. Facial
soft tissue changes in response to Le Fort | maxillary osteotomy was then

quantified in each of the three directions (x, y, z).

Two types of analysis were applied in this study, the Euclidian corresponding
distances and the directional distance analysis. For the first, the distance between
each pair of the corresponding vertices (carrying the same index) was calculated
and given a specific colour on a scale ranging from deep red (positive) for the
changes in outward direction from the geometric centre of the face to deep blue
(negative). For the changes in inward direction toward the geometric centre of the
face whereas the middle of the scale is green representing minimal changes

between the two measured surfaces.

For the directional analysis, a right hand coordinate system was adopted (figure 1).
If the change of surface points due to surgery was toward the right side or upward
or toward the observer, this was considered a positive change and highlighted in
red. While points which changed their position, as a result of surgery, toward the
left side or downward or away from the observer, were considered as negative
changes and were highlighted in blue. Green colour was for the regions where no
changes were detected in response to Le Fort | osteotomy. The intensity of the
colour indicated the magnitude of the change at the examined region (figure 3).
The colour bar categorises the changes into the central green colour (zero
movement), the red part of the scale with yellow, orange, red and dark red,
correspond to 0.5mm, 1mm,1.5mm and >2mm movements respectively. The blue
part of the scale with sky blue, sea blue, blue and dark blue correspond to 0.5mm,

1mm,1.5mm and >2mm movements respectively.
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Since the initial stage of generic mesh conformation required the manual
digitization of 20 anatomical landmarks, a landmarking error study was carried out
by repeating the digitisation process of five facial meshes, by the same operator,

at two weeks interval.

Results

Table (1) shows mean and standard deviation of the repeated measurements at
each of the 20 landmarks. The error ranged from (0.22mm+0.17mm) to

(1.24mm=0.79mm) with a mean of (0.56mm=+0.31mm).

The average antero-posterior surgical movement of the maxilla was the
advancement of 5.9mmz1.7mm with minor anterior and posterior vertical
maxillary impaction of 0.1mmz=1.7mm and 0.6mmz+1.45mm respectively, there was
a minimal lateral displacement of 0.04mm+0.9mm. The associated mandibular
autorotation produced an advancement of 2.8mmz2.1mm with vertical upward
displacement due to mandibuler autorotation of 2.1mmz1.8mm with a minimal

lateral shift of 0.2mm+0.9mm.

Figure 2 shows the colour coded distance map based on the Euclidian distance
between the corresponding vertices of the average 3D facial images before and

after surgery.

1. The nose: The nasal bridge area showed no changes due to surgery,
whereas the difference gradually increased toward the nasal cartilage and
the tip of the nose. The most obvious changes in response to surgery were
observed at the alar cartilage which was highlighted in red, the intensity of
the red colour increased close to the nasolabial groove. This indicates
widening of the nostrils following Le Fort | surgery. The region at the
columella and the lower part of the nasal tip was highlighted in blue which
indicates an inward and or upward movement toward the geometric centre
of the face secondary to Le Fort | osteotomy.

2. The upper lip: The upper lip region is bounded by the nasolabial junction

superiorly, extends to the inferior end of the vermillion border and to the



oral commissures bilaterally. The majority of the region showed a uniform
dark red highlight which indicates a marked forward displacement in the
upper lip region in response to surgery. A change in colour to light green at
the commissures was observed which indicated the limited effect of the
maxillary advancement on this region.

. The lower lip: the region of the lower lip is anatomically bounded by the
upper border of the lower lip vermilion border superiorly, extends to the
labiomental fold inferiorly and to the oral commissures laterally. The
majority of this region displayed a light red highlight due to the slight
forward displacement at the lower lip. A colour change into a light blue at
the area below the vermilion border extending to the labiomental fold
downward and about 50% of the lip width was observed which indicates a

backward and or upward displacement of the lower lip at this region.

. The chin: The chin area extends from the labiomental fold to the lower

border of the face and extends laterally to the area marked by an imaginary
vertical lines descending from the oral commissuers. The majority of the
area was highlighted in red which appeared darker centrally at the pogonion
region. A blue strip at the lower border of the chin was also observed (figure
2A). This together with the red colour at 'pogonion’ point indicates a minor
combined upward and forward change at chin region.

. Para nasal regions: The red colour display forward displacement extended
bilaterally to the nose and limited laterally to a vertical line from the outer
canthai. Superiorly, there was a display of the red colourimmediately below
the malar eminence which extended down to the level of the oral
commissures.

. The cheeks: The light red colour highlight in this area indicates a minor
forward change in response to maxillary surgery. A change to the blue
colour at the lower border was noted. This was continuous with the strip of
blue colour below the chin area. These findings indicated a minor upward
movement of the soft tissue at the lower border of the mandible associated

with the shortening of the lower facial height.



Soft tissue changes in X direction (Medio-lateral direction)

Figure (3) shows the soft tissue surface changes in the x direction only. Minimal
changes were noted around the eye regions and the nasal bridge; these were
highlighted in green. The colour changed to yellowish red toward the nasal tip. A
mixed yellow and orange colour patch on the right side at the lower part of the
dorsum of the nose and a blue colour patch on the right side indicate a minor
narrowing of the nose at this region in response to Le Fort | osteotomy. The right
ala of the nose displayed a blue colour while the left ala of the nose displayed a
red colour, indicating widening of the nostrils. The alar base region displayed a
light yellow colour indicating a minimal change in response to Le Fort | osteotomy,
this might be due to the effect of nasal cinching which was performed during

surgery in all cases.

Most of the soft tissue changes in response to Le Fort | osteotomy were in the
region of the upper lip and paranasal area. This was demonstrated by the well-
defined distribution of the red colour on the left side and the blue colour on the
right side of these two regions which indicates a tendency toward lateral
expansions along these anatomical regions. The changes were limited to the
anatomical boundaries of the paranasal region and upper lip. The changes at the
oral commissures at the corners of the mouth, the lower lip and the chin were

minimal.

Soft tissue changes in Y direction (Vertical change)

Figure (4) shows the vertical component of soft tissue changes in the Y direction
(vertical) only in response to Le Fort | osteotomy. Most of the region around the
eyes and the nasal bridge displayed green colour which confirms the minimal
vertical changes in these areas. The dorsum of the nose showed minimal change
and displayed a green strip which extended toward the tip of the nose. The tip of
the nose, the right and left alar curvatures and the collumella showed a marked

upward movement which displayed a distinctive red colour.

The paranasal areas showed a homogenous but small upward movement coinciding

with the adjacent cheek areas which displayed a predominantly yellow colour. The
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upper lip displayed mostly green colouration with small patches of mixed yellow
and orange colours. This indicates a minimal vertical displacement of the upper lip
in response to Le Fort | maxillary advancement. The lower lip showed two types of
response to maxillary surgery, the region above the vermillion border showed
minimal vertical change highlighted in green to light yellow, the region below the
vermillion border showed a clear vertical change, it displayed red colour with a
central dark red patch. This indicates an upward movement in this region and
reduction of the lower lip length. However the chin area showed a distinctive and
well defined dark red colour with less density posteriorly toward the cheek areas
on both sides, which is indicative of an upward movement of the chin area

secondary to Le Fort | maxillary osteotomy.

Soft tissue changes in Z direction (Antero-posterior changes)

Figure (5) shows the soft tissue changes in the Z direction. The region around the
eyes and the nasal bridge showed minimal change. A change to yellow colour was
evident at the nasal tip. The columella together with the right and left alas of the
nose, showed a well-defined dark red colour indicating a marked forward

movement of this region in response to Le Fort | maxillary osteotomy.

A well-defined dark red region covered the upper lip and the bilateral paranasal
regions was detected which indicates a marked forward displacement in response
to surgery. The colour was confined to the anatomical boundaries of these two
regions. The effect of surgery on the commissures at the corner of the mouth was
minimal which displayed as a yellow/green colour. The lower lip showed a
predominantly green colour with a red stripe on the vermilion border close to the
oral fissure (mouth opining). The chin showed a relatively homogenous, mostly
orange in colour which indicates a moderate forward displacement. Similar
changes were evident on the cheeks where the colour intensity reduced

posteriorlly.

In summary, there were a distinctive forward soft tissue movements combined
with a marked lateral expansion at the upper lip and paranasal regions; the

changes were limited by the anatomical boundaries of these regions (Figure 6).



The commissures showed minor changes in all dimensions. The effect extended to
the chin area where a marked vertical and to a lesser extent, forward
displacement were evident. The lower lip showed minimal changes in all
dimensions except a marked vertical movement at the region between the
vermilion borders and the labiomental fold. The effect on the nose was limited to
the widening and advancement of the nostrils as well as the base of the nose
(Subnasale and alar base) region with a minimal forward change but a noticeable
upward movement at the nasal tip. The changes at the cheeks were to a lesser

extent, with minor but consistent upward and forward movements.

Discussion

Inter-surface distance measurements in a form of colour distance map, have been
commonly used as a descriptive analysis in conjunction with other measurement
types.'” This was mainly due to the absence of information related to the 3D
directional changes. The earlier landmmark based analysis helped in identifying
the direction of the displacement at selected regions'®'® but it was difficult to
determine the extent of these changes. Researchers modified this approach to
overcome this problem, four horizontal and two vertical planes were anatomically
oriented to segment the facial surface into ten regions.?° The method provided
additional regional information without the need for landmarking. However, the
segmentation process did not reflect true anatomical regions of the face. It was
also assumed that most of the changes were in the A-P direction. The same study
commented on the region of lower lip and chin as areas associated with minimal
changes. On the other hand, they suggested a significant change in upward
direction of the submandibular region. The reason behind this discrepancy is the
method of evaluation, the authors applied the closest surface distance analysis
which is not particularly sensitive to detect 3D surface mesh sliding that may have
occurred at the lower lip and chin area. In our study, anatomical correspondence
(dense correspondence analysis) solved this problem by providing the actual
correspondence for each vertex rather than wusing the closest distance
correspondence between the matched 3D facial surfaces which improved the

reliability of the measurements.



Figure 2 showed a satisfactory accuracy of superimposing the average preoperative
3D facial image and the postoperative one which is demonstrated by the
predominant green colour of the areas which were not affect surgery including the
orbital regions. The method applied in this study detects sliding of 3D facial
meshes during image superimposition which was completely overlooked in the
previous classical colour surface analysis. Figure 7 showed the difference between
the two analyses (the closest point analysis and the corresponding distances) for
the same average face mesh following Le Fort | advancement osteotomy. Figure 7A
shows clearly that major areas around the cheeks, nose and chin were completely
overlooked or misinterpreted when the closest surface distance was applied for
facial analysis. Figure 7B shows the extensive changes involving chin, cheeks and

nose region in response to surgery.

It is pertinent to emphasise that the blue colour patch on the forehead is the
result of the mathematical facial averaging process of the preoperative and the

postoperative 3D facial images, these are were not affected by surgery.

The subdivision of the soft tissue response to Le Fort | osteotomy into the three
main directions of movements was innovative and provided an unprecedented
insight to the understanding of facial changes in response to surgery. Most of

previous studies focused on the A-P changes at the mid-facial region 2'#’

, other
directional changes of facial soft tissue in response to surgery were largely
overlooked. The four striking features observed in this analysis were the lateral
stretching and expansion of the upper lip and paranasal areas; the limited change
of the lower lip and oral commissures; the vertical and forward chin movement
due to minor mandibular autorotation and lastly the shortening of the nostril

height associated with flaring of the alar cartilages.

The detected changes In X direction on the nose, including the widening of the
nostrils is in agreement with the vast majority of previous published studies.?2%2%
30 However, this effect was more evident at the alar curvature than the alar base.
The nasal cinch stitch which was applied in all the cases might have reduced the
alar base width but was not lateral enough to control the width of the alar

cartilages. This observation was in agreement with Metzler et al 2014 who also

10



reported on the increase in the philtrum width following Le Fort | osteotomy.?®
This was contrary to our findings. The reason behind this disagreement was that in
their study the philtrum width was measured as the linear distance between the
two oral commissures. Our findings suggest that Le Fort | osteotomy has a limited

effect at these regions.

Limited anterior and posterior vertical skeletal maxillary displacement
(0.1tmm+1.7mm and 0.6mmz+1.45mm respectively) was confirmed in this study
sample. Soft tissue vertical displacement was only observed at the nostrils and
chin. Minimal vertical changes were observed at the upper lip region (within
0.5mm). This was combined with a relatively higher upward displacement observed
at the nasolabial junction and subalar area. The combined observations led to the
conclusion there was an increase in lip length following Le Fort | maxillary
advancement, partially due to the V-Y lip closure, which is in agreement with
previous studies(31). The lower lip on the other hand showed a generalised upward
displacement in response to Le Fort | osteotomy. However, the changes at lower
lip vermilion border were minimal (Omm-0.5mm), this observation led to the
conclusion there was shortening of the lower lip secondary to mandibular

autorotation as a result of posterior maxillary impaction.

The red colour at the nostrils and nasal tip suggested an upward movement of this
region secondary to Le Fort | advancement osteotomy. This result was in

agreement with most previous studies. ?%%°

In the Z direction there was an obvious forward movement of the mid face region
at the upper lip, paranasal areas and nostrils with a lesser extent at the chin
region and were in agreement with previous studies.>%

Interestingly, the tip of the nose did not show significant change in the antero-
posterior direction; this was associated with a significant forward displacement of
the alar cartilages and columella of the nose. The combined effect in the x y and z
direction of Le Fort | osteotomy could be described as compression of the nostrils
in the antero-posterior direction which were expressed as shortening of the

collumella and widening of the alar cartilage curvature. This result was in partial
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agreement with previous studies which suggested shortening of the nostrils and
increase of the alar width.?>®2 However, the majority of the studies observed a
significant forward shift of the nasal following Le Fort | osteotomy(32-34). The
reason behind this disagreement might be the removal of the anterior nasal spine

which was performed during surgery in all the cases.

The bilateral group of muscles of facial expressions which originated from the side
of the bridge of the nose, played a marked role in the expression of the overlying
soft tissue changes. These include the levator labii superioris alaeque nasi and
from the zygomatic bone including zygomatico major, zygomatico minor and
livatorlabisuperioris muscles are inserted in the facia of the upper lip and the
muscle fibres of the orbicularis oris muscle. This group of muscles were stretched
by the advancement of the maxilla, which contributed to the augmentation of the
relatively depressed paranasal region. The impact of Le Fort | maxillary osteotomy
was limited superiorly by the origin of these muscles and laterally by anterior

superficial fibres of masseter muscle which were not affected by the surgery.

Conclusions

Dense anatomical surface correspondence is a novel method which produced a
comprehensive visual analysis of the changes in response to Le Fort | osteotomy. It
is possible to separate soft tissue changes into x, y and z directions. Le Fort |
advancement osteotomy widened the mid-face and upper lip, compressed and
widened the nostrils and shortened the lower lip. The effect of surgery may extend

to the chin and lower lip secondary to posterior maxillary impaction.

Legends of the figures:

Figure 1 The right hand coordinate system

Figure 2 Dense anatomical correspondence showing soft tissue changes following
Le Fort | maxillary advancement surgery

Figure 3 corresponding soft tissue changes in X dimension
Figure 4 corresponding soft tissue changes in Y dimension
Figure 5 corresponding soft tissue changes in Z dimension

Figure 6 3D image sof one of the cases showing the impact of Le Fort | osteotomy of
the facial soft tissue
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Figure 7. A comparisons between classical colour map on the left showing the areas
of differences according to the closest surface distance method. The image on the
left demonstrates the surgical changes measured by the corresponding differences
of the same two images.
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Table 1 Mean of the landmarking distance error

Landmark acronym Landmark name Mean SD

1 Ex(R) Exocanthion-R 0.24 0.17
2 En(R) Endocanthion-R 0.47 0.5
3 Na Nasion 0.44 0.25
4 Ex(L) Exocanthion-L 0.27 0.31
5 En(L) Endocanthion-L 0.24 0.18
6 Ab(R) Alar base-R 0.23 0.17
7 Prn Pronasale 0.41 0.3
8 Ab(L) Alar base-L 0.28 0.12
9 Sn Subnasale 0.35 0.31
10 Ch(R) Cheilion-L 0.54 0.3
11 FI(R) Philtrum crest-R 0.53 0.29
12 Ls Labial superius 0.75 0.37
13 FL(L) Philtrum crest-L 0.3 0.16
14 Ch(L) Cheilion-L 0.75 0.3
15 Li Labial inferius 0.91 0.47
16 Mid Ls-Ch(R) Mid way SL(R) to Ch(R) 1.13 0.34
17 Mid Ls-Ch(L) Mid way SL(R) to Ch(L) 1.25 0.79
18 Mid Li-Ch(R) Mid way SL(R) to Ch(R) 0.92 0.41
19 Mid Li-Ch(L) Mid way SL(L) to Ch(R) 0.63 0.29
20 Pog Pogonion 0.68 0.37
Mean 0.57

SD 0.31
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