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Abstract. The three important tissue groups in orthognathic surgery (facial soft
tissues, facial skeleton and dentition) can be referred to as a triad. This triad plays a
decisive role in planning orthognathic surgery. Technological developments have
led to the development of different three-dimensional (3D) technologies such as
multiplanar CT and MRI scanning, 3D photography modalities and surface
scanning. An objective method to predict surgical and orthodontic outcome should
be established based on the integration of structural (soft tissue envelope, facial
skeleton and dentition) and photographic 3D images. None of the craniofacial
imaging techniques can capture the complete triad with optimal quality. This can
only be achieved by ‘image fusion’ of different imaging techniques to create a 3D
virtual head that can display all triad elements. A systematic search of current
literature on image fusion in the craniofacial area was performed. 15 articles were
found describing 3D digital image fusion models of two or more different imaging
techniques for orthodontics and orthognathic surgery. From these articles it is
concluded, that image fusion and especially the 3D virtual head are accurate and
realistic tools for documentation, analysis, treatment planning and long term follow
up. This may provide an accurate and realistic prediction model.
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Facial soft tissue (skin, connective tissues,
fat and muscles), facial skeleton (bone and
cartilage) and dentition are the three
important tissue groups in orthodontics
and orthognathic surgery, which can be
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referred to as a triad®. Together with other
structures such as the superficial muscu-
loaponeurotic system, the skeleton and
dentition support the facial soft tissue
surfaces. The triad plays a decisive role

in planning orthodontic therapy and
orthognathic surgery. Patients with a
dysgnathic deformity need careful assess-
ment of the facial soft tissues surface, the
underlying maxillofacial skeleton and the
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dento-alveolar position and their interde-
pendency.

Imaging and fusion techniques to ana-
lyse the facial profile, the facial skeleton
and dentition for planning orthodontic
therapy and orthognathic surgery have
been available for over a century and
can be described as analogue and digital
techniques and image fusion models.

Analogue techniques. 10 years after the
first orthognathic surgery for a congenital
deformity was carried out>'?, Bancock’
(1897) introduced the use of plaster casts
for model surgery. This method of pre-
operatively performing the planned
osteotomy on a dental plaster cast is still
known as the ‘gold standard’ for planning
postoperative occlusion. One decade later
orthodontists start using anthropometry,
clinical photographs, dental and facial
plaster casts and early fusion models
(1915-1926)"67-105.107.108 51 treatment
planning. The development of these early
fusion models was almost entirely aban-
doned in 1931 when Broadbent claims
that cephalograms are more accurate for
treatment planning, because they display
the dentition in relation to the facial ske-
leton'”.  Cephalograms were soon
accepted as ‘the gold standard’ for plan-
ning orthodontic treatment and orthog-
nathic surgery. In this way, clinicians
started to concentrate on two of the three
structures of the triad (facial skeleton and
dentition), despite the fact, that the over-
lying soft tissues define the facial out-
line™.

The disproportional focus on facial ske-
leton and dentition is evident in the treat-
ment outcome of the patient, as this
approach sometimes results in a good
functional but poor aesthetic result. The
use of cephalograms shows clinicians that
some profile-related problems cannot be
solved by creating a perfect dental arch
with normal occlusion® and that some-
times surgical displacement of the mand-
ible and/or maxilla is required*’.

In the 1970s and 1980s, there was grow-
ing awareness that the aesthetic outcome
is of equal importance to the patient as the
rearrangement of the occlusion. Methods
of studying the facial profile*33°° or for
planning surgical treatment, with for
instance Obwegeser’s ‘Wunschprofiel’®*
and methods of analysing the facial soft
tissue surfaces were (re)introduced,
including facial plaster casts”*°3, anthro-
pometry”’*® and analogue photogra-

4,66,86
phy .

Digital techniques. Digital photography
was introduced to evaluate facial har-
mony*. It allows clinicians to establish
a more proportional focus on all three

structures of the triad, to assess the
patient’s deformity*. An accurate and
objective assessment of a facial deformity
or a preoperative prediction of the surgical
outcome in two dimensions, especially
regarding asymmetry, will always be defi-
cient since it does not address the volu-
metric changes of all the facial portions
that determine neuromuscular balance and
facial harmony. As a consequence, with a
computer graphic two-dimensional (2D)
representation of facial appearance®, it is
not possible to achieve a realistic and
acceptable result. From the 1980s, the
shortcomings of these techniques induced
an increase in the use of three-dimensional
(3D) imaging techniques''*, such as facial
surface laser scanning®*”?, 3D stereopho-
togrammetry (3D photography)’’ and
(3D) video-imaging®®'® to render the
facial soft tissue surface. Reconstructions
of digital imaging and communications in
medicine (DICOM) files from multislice
CT (MSCT), cone-beam CT (CBCT) ima-
ging®®7" 7817 or MRI slices™ to display
the skeletal structures and digital dental
models to display the dentition®*”-? were
also investigated (Table 1).

With CT data, it becomes feasible
to produce a life-sized 3D milled

model'>!%64, two stage resin
model'®**37 or a stereolithographic
model' 323374 of 3 patient. Various meth-

ods have been developed to integrate plas-
ter casts into such models’®>!:829%118,
The facial skeleton models allow the sur-
geon to analyse the patient’s deformity
and plan orthognathic surgery in three
dimensions. In such a 3D (augmented)
model, model surgery can be performed
only once and the soft tissue changes
cannot be simulated. So although the third
dimension is introduced, one of the struc-
tures of the triad (the facial soft tissues
surface) is underestimated.

3D virtual planning software programs
with a virtual operating room (VOR) were
introduced at the end of the 1980s'®. The
IT revolution (2000s) has enabled signifi-
cant improvements of these software mod-
ules. %125 The reconstruction of
DICOM files in a VOR enables the clin-
ician to document, analyse and plan
orthognathic surgery on a facial skeleton
model as often and in as many different
ways as required'®*. Programs to analyse
the facial soft tissue surface*'>* and dental
models®™ were also introduced. For the
first time, these programs gave the clin-
ician a true insight into all three structures
of the triad, albeit separately and routinely
on a 2D computer screen.

Since most of the 3D imaging techni-
ques only display one of the three struc-

tures with optimal quality®®®%? it is

evident that these imaging techniques
are more powerful when they are used
together. This emphasises the importance
of image fusion of 3D image modalities to
document and analyse the triad of a
patient’s face accurately”. This has
enhanced a search for an ‘all in one’
assessment of the face. Such an assess-
ment should be performed using one hol-
istic digital data set as the result of an
image fusion process, including the facial
soft tissue surface, the facial skeleton and
dentition: the 3D virtual head. This results
in a realistic and accurate 3D fusion
model, with the true rational relationships
between the facial soft tissue surface, the
facial skeleton and the dentition.

Image fusion models. An image fusion
model is defined as a composition of at
least two different imaging techniques.
The principle of image fusion is based
on the creation of a single data set that
contains all three structures of the triad.
With segmentation by thresholding it is
possible to reconstruct a volumetric facial
skeleton with dentition and an untextured
3D facial soft tissue surface'*®. For exam-
ple, areconstruction ofa (CB)CT contains
the facial soft tissue surface representing
the soft tissue, the bone volume represent-
ing the facial skeleton and the dentition,
but the (CB)CT skin is untextured and the
dental structures may contain streak arti-
facts caused by (in)direct restorations
and/or orthodontic fixed appliances. To
improve the quality of the virtual face and
dentition, it is necessary to superimpose a
textured facial soft tissue surface (e.g.
acquired with a stereophotogrammetrical
camera setup)®>%>%® and to upgrade or
replace the dental images (e.g. with digi-
tal dental casts)?%-82:102:109-113,

3D data can be fused using three different
methods''®: point based matching with or
without the use of a reference frame; sur-
face based matching®®>%®%; and voxel
based matching''*'""''5. The matching
process of the first method is based on
corresponding points, while the other two
use congruent surface points or voxels
(volumetric picture elements) of a manu-
ally selected region. Based on the triad, four
possible 3D fusion models can be distin-
guished: image fusion of'the facial skeleton
and the dentition; image fusion of the facial
soft tissue surface and the facial skeleton;
image fusion of the facial soft tissue surface
and the dentition; and image fusion of the
facial soft tissue surface, the facial skeleton
and the dentition.

Three methods are used to display the
facial skeleton and the dentition: the
life-sized stereolithographic (STL)”' or
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