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Objective — To describe a new method for measuring facial
swelling following orthognathic surgery using a 3D laser-
scanning device.

Design — Prospective clinical trial.

Setting and Sample Population — University Dental Hospital,
Wales College of Medicine, Biology Life and Health Sciences.
Three subjects requiring bi-maxillary orthognathic surgery were
recruited for the study.

Experimental Variables — aser-scanned images of the
subjects were obtained under a reproducible and controlled
environment with two Minolta Vivid 900 (Osaka, Japan) optical
laser-scanning devices assembled as a stereo-pair. A set of left
and right scanned images was taken for each subject and each
scan took an average of 2.5 s. 3D laser scans were recorded
over six time periods (T1 — pre-surgical scan, postoperatively:
T2 -1 day, T3 -1 week, T4 — 1 month, T5 - 3 months and T6 —
6 months).

Outcome Measure — Facial scans from different time periods
were overlaid onto the baseline (T6) facial scan to determine
the reduction and changes in swelling following orthognathic
surgery.

Results — The results showed that swelling could be accurately
quantified following surgery. Furthermore, there was a
significant reduction in the amount of swelling 1 month
postoperatively. Furthermore, the facial morphology returned to
approximately 90% of the baseline facial scan at 3 months.
Conclusion — The 3D laser-scanning device and the method
described was a reliable and accurate measure of facial
swelling following surgery.

Key words: 3D; clinical study; facial evaluation; laser
scanning; orthognathic surgery; postoperative swelling
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Introduction

3D technology has improved at a rapid pace over the
last decade allowing newer machines and advanced
software support to be created. These have produced
fast, efficient and cost-effective applications for the
clinical setting.

There have been a numerous reports of methods to
capture facial images and these may be broadly clas-
sified into the following:

1. 3D Cephalometry (1)

2. Laser scanning [MGI Group (2-4), Minolta 700 (5,6),
Minolta 900 (7,8), Hand-held devices (9), others (10)]

. Moire Techniques (11,12)

. 3D morphometry (13,14)

. Stereo-photogrammetry (15-17)

. Patterned light techniques (18-20)

. Conventional CT scans

. 3D Cone Beam CT scans (21-23)

. 3D MRI scans
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The variety of applications with these three-
dimensional devices has resulted in a better under-
standing of the craniofacial form. In recent times,
three-dimensional images have been created to
establish databases for normative populations (24),
cross-sectional growth changes (25,26), and also in
the assessment of clinical outcomes in surgical
(27-33) and non-surgical treatments (34-36) in the
head and neck region.

One area of interest to a multi-disciplinary group of
clinicians is the study of soft tissue changes associ-
ated with orthognathic surgery. Previous studies have
described the changes in soft tissue dimensions
following surgery by plotting linear measurements on
landmark-based points (37). Others have compared
treatment changes between groups of normal adults
and those with facial disproportion (38) by compar-
ing the colour codes on facial deviation maps.
Recently, studies have also compared facial asym-
metry before and after surgery (39). To optimize the
advancement in technology, some studies have also
attempted to combine hard and soft tissue data
imaging techniques (40,41). All these improvements
in software applications have meant that validation
and quantification of volumetric changes following
routine oral and maxillofacial surgery can be
attempted easily (9,42,43).
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3D laser scanning is a useful tool in the study of
facial morphology. The 3D images are obtained by
laser triangulation from an optical source projected
onto the subject to be measured. The resultant dis-
tortion of the light pattern on the subject is captured
on a charged couple device (CCD) device and con-
verted into a computer-generated image. The scan-
ning process is non-invasive and normally completed
within a few seconds. Previous studies have reported
on the validity and high accuracy of the Minolta 700
and 900 scanners (Osaka, Japan) and found them to
be accurate to the level of 1.9 + 0.8 mm (5) and
1.1 £ 0.3 mm (41). Other studies by the authors have
shown that the Minolta 900 is accurate to a level of
0.56 + 0.25 mm (8) and the error in computerized
registration of left and right scans is 0.13 + 0.18 mm
(44). Furthermore, three-dimensional soft tissue cap-
ture can be carried out reliably and in a reproducible
manner (45).

Despite the increasing number of reports in the lit-
erature, no study has attempted to evaluate the
amounts of facial swelling following orthognathic
surgery in 3D. This study describes a new method to
determine the amounts of facial swelling following
orthognathic surgery and attempts to provide infor-
mation both to the clinician and patient on the asso-
ciated soft tissue changes.

Materials and methods
Subjects

Approval for the study was obtained from the relevant
ethics committee and each patient consented to par-
ticipate in the study. The sample consisted of three
clinical subjects (two males and one female) with a
mean age of 20.3 years, each requiring orthognathic
surgery. Each patient presented at the time of investi-
gation with a Class III skeletal malocclusion underwent
a bi-maxillary operation by a single operator to correct
the relevant facial deformity. The severity of the mal-
occlusion and surgical procedures carried out are
recorded in Table 1.

The pharmacological management of postoperative
swelling was standardized and each patient received
three doses of 1.3 g Augmentin® (GlaxoSmithKline UK,
Uxbridge, UK) and 8 mg Dexametasone® (Faulding
Pharmaceuticals, Warwickshire, UK); one dose at the



Table 1. Classification of subject malocclusion and surgical
movements carried out (F, forward movement; B, backward
movement)

Surgical movements

Overjet at start of

Subject  treatment (mm) Maxilla (mm) (F)  Mandible (mm) (B)
JR -4.0 5 2

BP -5.0 4 2.5

CR -4.0 4 3

induction of anaesthesia and two other postoperative
doses during the period of recovery in the hospital. All
subjects were discharged within 3 days following sur-

gery.
Three-dimensional imaging system

The laser-scanning system, consisting of two high-
resolution Minolta Vivid VI900 3D cameras, with a
reported manufacturing accuracy of 0.3 mm, operating
as a stereo-pair, was used. Each of these cameras emits
an eye safe Class I laser (FDA) A = 690 nm at 30 mW
with an object to scanner distance of 600-2500 mm and
a fast mode scan time of 0.3 s. The system uses a one-
half-frame transfer CCD and can acquire 307 000 data
points. The scanner’s output data is 640 x 480 pixels for
3D and includes red, green and blue colour data. Data
were recorded on a desktop workstation with a 2 GHz
Pentium 4 processor. For surface registration, a Minolta
medium range lens with focal length of 14.5 mm was
used. The scanners were placed at a distance of
1350 mm from the head frame. The scanners were
controlled with Multi-scan™ software (@ cebas Com-
puter GmBH, Eppelheim, Germany) and data coordi-
nates were saved in a vivid file format (vvd). Information
was transferred to a reverse modelling software package
Rapidform™ 2004 PP2 (@ INUS Technology Inc., Seoul,
Korea) — RF4 for analysis. This software provides nine
different 3D work activities and together allows high-
quality polygon meshes, accurate freeform Non-Uni-
form Rationale B-Spline surfaces and geometrically
perfect solid models to be created. RF4 generates data
as absolute mean shell deviations, standard deviations
of the errors during shell overlaps, maximum and
minimum range maps, histogram plots and colour
maps. All linear measurements are made in millimetres.
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Data capture technique

A custom-built studio facilitated standardized light
conditions. Natural head posture (NHP) was adopted for
this study as this has been shown to be clinically repro-
ducible (46). The subjects sat on a self-adjustable stool
and were asked to look into a mirror with standard
horizontal and vertical lines simulating a cross marked
onit. They were asked to level their eyes to the horizontal
line and the midline of the face was aligned to the vertical
line. Adjustments to seating heights were made to assist
the subjects in achieving NHP. The subjects were also
instructed to swallow hard and to keep their jaws in a
relaxed position just before the scans were taken. The
total scan time was approximately 7.5 s.

Data processing of left and right facial scans

Extraneous data were removed by an in-house devel-
oped software sub-routine (47). This automatic and
systematic process further reduced the scanned images
into shells and identified those small shells that rep-
resented minor scanning distortions. These images
were smoothed out, while preserving all shape and
volume, and the left and right scans were aligned to one
another based on the areas of overlap of the faces. The
pre-merged scans were carefully checked individually
and unwanted areas that could not be automatically
removed were done so manually by dividing the un-
wanted areas from the main shell before proceeding to
the next stage. Finally, one whole face was generated
for each subject.

Facial analysis

3D laser scans were recorded over six time periods (T1 -
pre-surgical scan, postoperatively: T2 — 1 day, T3 -
1 week, T4 - 1 month, T5 - 3 months and T6 -
6 months). To facilitate the study of surface changes
associated with facial swelling after surgery, the surface
scan recorded on the sixth month (T6) was used as the
baseline to compare all the surface changes after
surgery. Each individual’s surface scan for the time
period was overlaid on the baseline by aligning five
points on the facial scans (our points at the outer and
inner cantus of the eyes and one point on the nasal tip).
The superimposition was finalized by using the iterative
closest point (ICP) or best fit algorithm inbuilt with RF4.

Orthod Craniofacial Res 9, 2006/31-37 | 33



Kau et al. 3D measurement of facial swelling following orthognathic surgery

Fig. 1. (a) Facial scan at 6 months, (b) facial scan at baseline (T6), (c) alignment of facial scans based on the ICP or best fit algorithm, (d) shell
deviation map showing the differences between surface facial scans. A tolerance of 0.85mm has been applied and corresponds to 43.66% for

both faces indicating no change between the faces.

The shell-to-shell deviation was measured on a sliding
colour scale which displayed the percentage changes
corresponding to the deviation in facial contours
between each time point (Fig. 1).

To determine the facial changes as a result of treat-
ment, a previously known value of 0.80 mm was ap-
plied to each set of shell deviations (48). The percent-
age not corresponding to this value was recorded as the
percentage change from treatment changes and facial
swelling after surgery. The above-mentioned value was
obtained from a study to determine the reproducibility
of facial morphology using 3D facial scans over a
1 week period.

Results

The results of the study are summarized in Table 2 and
Fig. 2 for the three subjects BP, CR and JR.
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Fig. 2. Percentage decrease in facial swelling over a 6-month period.

Facial swelling changes

The percentage change in facial swelling was greatest
during the first day following surgery and this corres-
ponded to a mean increase of 60.35%. The areas where
the majority of the postoperative swelling occurred
corresponded well with the location of the surgical

Table 2. Areas showing no changes to baseline facial scan during the different time periods

Areas corresponding to 0.80 mm as percentages

Subject Skeletal relationship T2 vs. T6 (1 day) T3 vs. T6 (1 week) T4 vs. T6 (1 month) T5 vs. T6 (3 months)
BP Class llI 32.70 43.67 82.20 89.65
CR Class llI 48.53 59.85 83.77 87.22
JR Class llI 37.71 46.52 80.62 89.70
Mean Class llI 39.65 50.01 82.20 88.86
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movements. These areas could be isolated and quan-
tified by changes in the facial maps (Fig. 3).

Facial swelling reduced substantially within the first
month following surgery. The amount of overlap
between the faces at the relevant time period was on
average 82.20%. This was further improved to 88.8% at
3 months.

Reduction in facial swelling

In order to determine the percentage reduction in
facial swelling, the difference as a result of facial
deviation for each set of scans was calculated by
subtracting the present amounts of swelling against
the original amount of swelling present on the
‘first day’ (T2 vs. T6). This value was further divided
by the original ‘first day’ swelling value to give a
percentage score representing the reduction in
swelling that occurred. [For example, the facial
change for BP at 1 week was calculated as (56.33-
67.30)/67.30 = 16.30%].

The changes for each subject were recorded at each
time period and the mean scores calculated. The
improvements in facial swelling were recorded as
17.15%, 70.51% and 81.54% after 1 week, 1 month and
3 months respectively. The greatest reduction in
swelling occurred within the first month following
orthognathic surgery.
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Discussion

3D soft tissue changes following orthognathic surgery
have been of great interest to clinicians and patients.
Most of the current studies measure soft tissue changes
a significant time period after surgery has been con-
ducted.

A recent study did attempt to quantify the swelling
changes following surgical removal of mandibular third
molars. 3D facial morphology from each subject was
studied before and 2 days after surgery and an attempt
at quantifying volumetric changes was made. The
results however, were not conclusive about the reduc-
tion in postoperative swelling after surgery, although
the authors managed to describe a range of volume
changes (9).

No study to date has described chronologically the
changes that occur as a result of surgery. Therefore, a
number of limitations and questionable assumptions
had to be made by this initial study. The first
assumption presumed that the soft tissue remained
stable after 6 months. This is not entirely accurate as
soft tissue changes do occur some time later (up to
2 years postoperatively). However, the changes are
minimal and the majority of the facial morphology
should be close to the final morphology and minor
changes can be tolerated. A second assumption of this
study was the stability of the surgical movements

Fig. 3. Measurement of facial swelling following orthognathic surgery. (a—d) Subject BP: (a) 1 day after surgery, (b) facial map comparing 1 day
and baseline (67% swelling present), (c) facial map comparing 1 month and baseline (17.8% swelling still present), (d) 6 months after surgery.
(e-h) Subject CR: (e) 1 day after surgery, (f) facial map comparing 1 day and baseline (51.47% swelling present), (g) facial map comparing
1 month and baseline (16.23% swelling still present), (h) subject 6 months after surgery.
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made, as these would also contribute to the changes in
the volumes seen during the study. Bi-maxillary surgery
has been shown to be a relatively stable treatment
procedure (49). Therefore, it could be assumed that no
adverse bony relapse occurred during the 6-month
study period.

This study describes a new method of studying
postoperative swelling following orthognathic surgery
and forms part of a larger trial currently in progress.
Patients are often anxious to know the treatment effects
following orthognathic surgery and current informa-
tion available provided has been extrapolated from
research using 2D data. As a result, clinicians may not
have been able to provide an accurate picture to the
patient and to give advice regarding the morbidity in-
volved. The successful application of this new method
of analysis means that clinical trials can now be de-
signed to improve surgical techniques and drug re-
gimes. Finally, the imaging device used is fast, non-
invasive and an efficient method to capture 3D infor-
mation of facial morphology.

Conclusion

The following conclusions may be drawn from this
study:

1. The laser-scanning system employed in this study is
a quick, efficient and non-invasive method to cap-
ture facial morphology.

2. A significant amount of swelling is reduced after
1 month following bi-maxillary orthognathic surgery.

3. Facial morphology recovers to approximately 90%
of the baseline (T6) within 3 months following

surgery.
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