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Background: Improvement of facial beauty is a major reason why patients with dentofacial
problems opt for orthognathic surgery. People are eventually judged by their facial appearance
by themselves, their friends & family and even surgeons. With the recent developments in tech-
nology, we now have a 3D structure that can build and analyze 3D images before & after sur-
gery and review the extent of changes taken place. Imaging techniques include: structured light
photogrammetry, CT scan, 3D cephalometry, CBCT and other methods such as MRI and ultra-
sound. Structured light photogrammetry Using photography cameras (visible range) - without
any harmful radiation - with 3D modeling of the face with high precision. The automatic oper-
ation of this procedure reduces human error and yields more accurate final results.
Materials and Methods: A ‘before & after’ clinical trial was conducted. Twenty four
patients (17 females & 7 males) who were candidates of orthognathic Bimax surgery as a result
of Class III malocclusion and who had attended Shariati Hospital’s Maxillofacial Clinic were
included in the study. The patients’ surgical planning was the ‘Lefort I osteotomy + Mandibular
bilateral sagittal split osteotomy (BSSO). Photography was done through the photogrammetry
method.

Results: 3D modeling of the patients’ faces was done before & after surgery by photogramme-
try. Changes following surgery were determined and their formula was calculated.
Conclusions: The resultant mathematical model can be used to build software for the 3D
prediction of soft tissue changes following orthognathic surgery. However, it is better to evaluate
the validity of the software and mathematical model in a separate study to apply the necessary
changes if need be.
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Background

rthognathic surgery has increased among pa-
tients with dentoskeletal problems in light of
the developments made in the field and its im-
provement of facial beauty. However, orthognathic surgery
should not be limited to surgery, fixation and improvement

of long-term stability techniques; its prediction capability
should be taken into account too. Since facial appearance
is eventually judged by the patient, his friends & family
and even surgeons, helping patients correctly understand
the results of orthognathic surgery will contribute to the
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success of such treatment. Many surgeons routinely rely on
photography for before & after surgical analysis and for the
sake of documentation and legal issues. 3D imaging tech-
niques include the following: 3D cephalometry [1,2], Super-
imposing of photographs with radiographs [3], Moire topog-
raphy [2-7], CT (computed tomography) scan 3D imaging
[8-10] Cone beam computed tomography (CBCT) [11-14],
3D ultrasonography [15,16], 3D laser scanning [17-21], and
photogrammetry [22]. However, using 3D CT scans exposes
patients to high doses of X-rays. In recent years developments
in laser use have resulted in facial simulation via this tool
which is a very expensive technique. Moreover, these tech-
niques are very sensitive to patient movement, and the small-
est movement can result in blurring of images.

Photogrammetry was first applied in medicine and dentist-
ry in 1940 [22]. Stereophotogrammetry is a newer technique
that uses two or more cameras to create accurate 3D images.
This system is classified under structured light by projecting
a specific light pattern on the patient’s face. When the light
pattern is projected on an object it changes on the basis of the
object’s shape i.e. it is distorted. Such information is useful for
3D modeling [23]. Stereophotogrammetry imaging functions
like a human eye, where two regions are used to gather infor-
mation from the image; this way the depth is also registered.

In this study we used photography cameras (visible range)
- without any harmful radiation- and projectors imaging spe-
cifically shaped patterns to achieve very accurate 3D models
of the patients’ faces. The automatic operation of this pro-
cedure reduces human error and yields more accurate final
results. We hope to be able to design software capable of pre-
dicting soft tissue changes following orthognathic surgery by
3D facial simulation through this technique, by examining the
changes created and achieving the mathematical formula of
these non-linear changes.

Methods and Methods

A ‘before & after’ clinical trial was conducted. Twenty four
patients (17 females & 7 males) who were candidates of or-
thognathic Bimax surgery as a result of Class III malocclusion
and who had attended Shariati Hospital’s Maxillofacial Clinic
were included in the study. The patients’ surgical planing was
the ‘Lefort Iosteotomy + Mandibular setback’ through BSSO.

The greatest standard deviation in soft tissue changes in
earlier studies are related to chin soft tissue, as follows [24].

Soft tissue Pog = 0.95 * (man. Setback) - 0.15

Twenty four [24] patients were required to achieve a preci-
sion of 0.4 mm and confidence interval of 95%, and an a=0.05.

n=[Z1-0/2xsd/d]2= 24

After taking informed consent from patients to take images,
they were photographed in the photography & modeling stu-
dio of Shariati Hospital’s Maxillofacial Ward. The studio is a
2x2 m room, in the corner of which is a permanent chair. The
height of the chair however, is adjustable. The chair’s position
remains stable before & after surgery. The required hardware
was: two digital non-metric cameras (Canon S5) for taking
pictures, and a digital projector with a 600 x 800 differentia-
tion power for pattern imaging. The projector was placed 50
cm in front of the patient and the two cameras were placed at
the patient’s left and right at 45 degree angles from the pro-
jector-connecting line. After calibrating the cameras and reg-
ulating the intensity and direction of light two images were
consecutively taken by the two cameras.

The 3D modeling technique makes use of structured light.
It is done by projecting linear lines of various thicknesses on
the patient’s face with the projector and taking multiple pho-
tos from two angles. The 3D model of the face is constructed

using conditional linear equations.

Diagram 1: The patient is seated on the special chair in the
studio.
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Diagram 2: The projector & cameras’ positioning around the
should be taken into account too. Since facial appearance is
eventually judged by the patient, his friends & family and even
surgeons, helping patients correctly understand the results of
orthognathic surgery will contribute to the success of such
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treatment. patient. The day before surgery 5 points on the pa-
tient’s forehead were chosen on a non-linear basis and marked
with a marker. The day before surgery, on the patient’s fore-
head 5 points on a non-linear basis were chosen and marked
with a marker Then, the distance between these points and the
medial and lateral canthi of both eyes (as permanent points
that do not change following orthognathic surgery) and other
selective points (for easier determination of points in post-op
imaging) were measured by a caliper. Manual measurements
and photography were performed by a single person. The pa-
tients did not have any make-up on and their hair was loosely
tied at the back of their heads.

Using the computer, images were taken by two cameras on
the patient’s two sides at the same time the striped patterns
were projected on the patient’s face by the projector. The pa-
tient remained motionless during the imaging. We took 40
images with each camera (i.e. an overall 80 images in each
imaging session). A 6-second time gap existed between the
images, which was set automatically by the computer. During
this time gap the next light pattern would be projected on the
patient’s face.

The same method of imaging was applied to take pictures
6 months after surgery. The initial points were marked on
the forehead using the pervious measurements. 3D models
were made for before & after surgery. This way, all the soft
tissue changes in the face (cheeks, jaw & chin) were measur-
able. Eventually, the soft tissue changes were shown on the 3D
model using different shades of grey.

The degree and direction of jaw displacement was deter-
mined in each patient by taking into account the treatment
plan, the appropriate splint arranged and the degrees of jaw
displacement during surgery. To confirm the accuracy of the
values determined for each patient, his/her before & after lat-
eral cephalometry radiographs were superimposed on each
other. Then, the extent of upper jaw displacement was calcu-
lated upon considering the antero-posterior & supero-inferior
displacement of incisal edge of the anterior teeth, tip of the
mesiobuccal cusp of the maxillary teeth 6, ANS and PNS. The
lower jaw displacement was determined upon considering
point B’s displacement, incisal edge of the anterior teeth and
the pogonion point.

Method of imaging & modeling

In this study we applied the ‘structured coded light’ technique.
A coded light pattern was projected on the patient’s face and
then images were taken from different angles by the camera.
We used a projector to create coded patterns (laser cannot be
used to create coded points). Moreover, we used phase trans-
mission in the periodic pattern. In such patterns a specific
code is repeated after a specific time period. To use the peri-
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odic pattern we first project a pattern on the patient’s face and
take a picture, and then the pattern is transmitted as much
as a single pixel and again it is projected and photographed.
This process continues until the whole face is scanned. This
method of coding (binary coding and phase transmission) has
good precision and the density of the points whose 3D posi-
tions can be determined is high.

Data were processed with Australis software after determining
the photographic coordinates of the light targets (figure 2).

Therefore, to prevent errors in reading the points a
semi-automatic algorithm implemented in MATLAB software
was used. After this stage the created system is ready to pro-
duce the patient’s 3D data.

Photographic observations are usually subject to random
and systematic errors. The least squares method is applied to
remove these random errors, but there are different methods
for removing systematic errors. The most important of these
errors are: radial and lens distortion, difference between lens
center and image center, difference of scale in two directions.

We applied the ‘conditional linear equations’ method in our
study (equation 1).

my (X = Xc)+m, (Y -Ye)+m;(Z - Zc)
my (X — Xe)+my, (Y —Ye)+my,(Z - Zc)
my (X — Xc)+my, (Y —Yc)+my(Z - Zc)
my, (X — Xc)+my, (Y =Ye)+my,(Z - Zc)

X+Ax=—c

y+Ay=-c

Results

Since there were 40 images of horizontal stripes and 40 images
of vertical stripes (on average for each patient), the aforemen-
tioned algorithm was repeated for all image couples —which
were 1600- and the points of intersection of stripes were de-
termined in the images. The numbers of points extracted for
each image couple were on average 350 — 400, and the overall
number of points extracted was 600000. Around 500 - 1000
points were used in each patient upon simplifying and reduc-
ing the points (to facilitate the use and implementation of the
algorithms).

The system created was capable of producing high density
3D data of the patient’s face with uniform color across the
entire predicted surface.

After the 3D model was produced from the patient’s face-
before & after orthognathic surgery- the nonlinear changes
in points showed that these changes were consistent with the
following formula:
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First-order approximation method
U=ax+by+cz+d

V= ax+ bvy +cz+ dv

W=a x+by+cz+d
(Equation 2)

Using the curve fitting toolbox the following quantitative
equations may be achieved:

au, by, cu, du
av, bv, cv, dv
aw , bw, cw, dw

On the whole, 24 patients including 17 females and 7 males
with a mean age of 21 (minimum 18 & maximum 31) who
possessed the inclusion criteria were examined in this study.

Considering the low number of upper displacements this

displacement has the least effect on the extent of changes in
the 3D model.

Diagram 3: 3D simulation of patient’s face.
Discussion

Before & after surgery imaging is a must in all cosmetic sur-
geries. In this study we chose spectrophotometry as, compared
to other 3D imaging techniques, it is not associated with extra
costs and has no side effects for the patient. in 1996 Ras et
al used spectrophotometric imaging for the measurement of
facial morphology and dimensional changes during growth
and development. Like us, they used landmarks that were eas-
ily measurable by others such as the lateral canthus [25-27].
Many CT Scan-associated techniques have been introduced
for examining soft tissue changes with respect to the underly-
ing bone structure. We did not superimpose hard tissue data
on 3D images, and only used before & after cephalometry
(measured for all patients) for approving the extent of jaw
displacement. The bony structure is not accessible or palpable
in 3D photography. However, setting soft tissue landmarks in
the 3D model is precise, as J. M Plooji et al showed in 2009,
that setting soft tissue landmarks in 3D imaging was precise
and reliable. According to this study hard tissue data are not
necessary for accurate soft tissue analyses [28]. However, de-
termining bone-related landmarks such as gonion soft tissue
requires greater precision. As aforementioned, using methods

like laser CT scan has certain advantages but also has its own
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disadvantages. By superimpose CT scan images on photo-
graphs in 2000, Xia et al introduced a new method for predic-
tion of soft tissue changes following orthognathic surgery —in
line with the treatment plan. The surgical plan was simulated
in a 3D model by the CT scan, which is a lengthy procedure
[8-10]. In 2001 Gust et al introduced a new method for pre-
dicting soft-tissue-changes following orthognathic surgery.
Measurements of facial surface before & after surgery were
made once manually and once by laser scanning in the form
of a 3D model. Manual measurements can be done only for a
limited number of points, and the movement of the point is
not examinable in the 3D environment [29].

In this study surgical treatment planning was done on the
basis of surgical approach was selected according to the nu-
merical analyses of cephalometry tracings and the patient’s
clinical pictures. The correlation between soft and hard tissue
changes still persists as the limitation of all prediction studies,
as shown in earlier studies as well. Here we tried to achieve a
mathematical model for soft-tissue-changes following orthog-
nathic Class III (BiMax) surgeries, to improve the software
predicting soft-tissue-changes following surgery in the future.
Only a handful of studies have presented a real mathematical
model for non-linear soft-tissue-changes, such as that con-
ducted by Xia, wherein computer-assisted color simulation of
the face was done [8-10].

We studied surgeries of both jaws simultaneously in this
study. Prediction studies conducted on the simultaneous sur-
gery of both jaws versus that of one jaw showed that pre-
diction was less possible in the former. The greatest error in
prediction by computer-based programs was for the lower
lip —with a<2 mm error [30]. In the current study we tried
to have uniform degrees of soft tissue dissection and peri-
osteal reflection, however, the ratio of hard tissue effect on
soft tissue —which is associated with factors such as preop-
erative soft tissue thickness, time lapsed since surgery, post
operative wound healing, differences in treatment plans and
degrees of displacement were different in each patients. Rigid
fixation was applied in all patients in the same manner (two
L-shaped and two 4-hole straight titanium plates were used in
the upper jaw and two 2.0 mm position screws were placed
in the lower jaw at the superior border of the osteotomy site).
To reduce error, photography was done by a single person,
and the distance between the cameras was kept constant. To
achieve an optimal stereoscopic effect photographs were taken
simultaneously from two directions to prevent the effect of
facial muscular changes. Moreover, to reduce the relapse rate
regular orthodontic follow-up was advised.
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