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10.2 Registration of 3-D Cephalometric Data Sets with 3-D Photographs

10.1
3-D Cephalometric Reference Data

Normative data on craniofacial morphology are essen-
tial for the assessment of the head and face. The litera-
ture provides a huge amount of conventional craniofa-
cial data, mainly from cephalometric radiographs and
anthropometric sources. However, age-, sex- and race-
matched 3-D craniofacial normative datasets are not
available yet. The necessity of collecting 3-D cross-sec-
tional and longitudinal growth craniofacial reference
data was pointed out by Hassfeld and co-workers. The
effects of both growth and bone movements during
surgery on the overlying soft tissue functional matrix
also remain poorly understood.

3-D cephalometry of hard and soft tissues is a pow-
erful measurement tool for the acquisition of 3-D cran-
iofacial reference data because of its accuracy and reli-
ability. Moreover, it has the advantage of providing
both hard and soft tissue data and can therefore pro-
vide bone–soft tissue movement ratio data.

The challenge is to develop 3-D cephalometric refer-
ence data from birth to young adulthood, as has been
done for conventional cephalometry and anthropome-
try. 3-D cephalometric reference data should be
matched by age, sex and race and should ideally in-
clude:
� Normative hard and soft tissue craniofacial data
� Reference hard and soft tissue craniofacial data of

congenital and developmental abnormalities
� Reference data on craniofacial bone–soft tissue

movement ratios

These 3-D cephalometric reference data should be
based on standardized CT protocols (see Chap. 1) and
should include means and standard deviations. This
will not be easy because from an ethical point of view,
one cannot irradiate individuals just to obtain refer-
ence data. Hence, cooperation among craniofacial cen-
tres and intensive cooperation with radiological de-
partments will be crucial to collect the necessary
amount of reference data in the future.

Once available, reference 3-D cephalometric hard
and soft tissue data will allow orthodontists, maxillofa-
cial, craniofacial and plastic surgeons, medical anthro-
pologists and genetic dysmorphologists to use these
data for different clinical and research purposes, such
as:
� Assessment of normal craniofacial morphology and

dysmorphology (congenital and developmental)
� Assessment of craniofacial growth characteristics

(e.g. rate of growth, changes of growth, prediction of
growth)

� Assessment of treatment results

� Optimizing voxel-based surgical planning
� Optimizing surgical simulation of soft tissues
� Reconstruction of facial soft tissues (e.g. missing

persons, ancient skulls)
� Optimizing manufacturing of custom-made cranio-

facial implants and epitheses

10.2
Registration of 3-D Cephalometric Data Sets 
with 3-D Photographs

An important shortcoming of CT-based 3-D cephalo-
metry of soft tissues is improper or impossible identi-
fication of soft tissue landmarks that are related to hair
(trichion, superciliare, frontotemporale) or eyelids
(palpebrale superius, palpebrale inferius).

Registration of the natural texture of the face with
the 3-D CT skin surface could be a solution. Several 3-
D photographic techniques have been developed. With
laser surface scanning, the skin surface is digitized by
a laser scanner that consecutively senses the surface.
Active systems project a pattern (e.g. a linear grid) on
the patient’s face. Based on the deformation of the grid
on the photograph, 3-D depth information is obtained.
Typically, several photos are combined to obtain a dig-
itization of the complete face. Stereo imaging uses two
or more cameras that acquire images simultaneously.
Based on stereoscopic matching, 3-D depth informa-
tion is computed.Another method to obtain a comput-
erized surface model of the face is holographic imag-
ing.After holographic acquisition, the hologram is dig-
itized and a surface model is generated.

Although laser surface scanning permits very accu-
rate measurements, this technique is quite slow, so that
motion artefacts can impair the result. Active systems
with multiple cameras (often a combination of active
and stereoscopic methods) yield detailed face models
with an acquisition time of a few milliseconds and are
therefore very promising for the future. Holographic
imaging has the potential for acquisition of a full face
in a few nanoseconds but is still under development.
Also the holographic digitization process needs fur-
ther research.

De Groeve and co-workers have already shown that
registration of 3-D photographs with spiral CT images
provides an accurate match between the two surfaces.
Our research group is currently testing the registration
of 3-D CT data sets (Fig. 10.5) with commercially avail-
able 3-D photographic systems (Figs. 10.6–10.9.).

Acquisition of surface data using 3-D photographic
techniques allows more detailed, textured rendering of
facial surface structures (including hairline, eyebrows
and eyelashes), which allows definition of the above-
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Fig. 10.1. Soft tissue simulation of the patient (Chap. 9) who underwent right
condylar reconstruction using intraoral unidirectional distraction osteogenesis
(frontal view, 3-D CT soft tissue surface representation, patient B.R.). Soft tissue
simulation is based on volumetric deformation algorithms including soft tissue
properties such as elasticity and growth due to stress

Fig. 10.2. Clinical post-operative result of the same patient (clinical frontal
view, patient B.R.). Comparison of 3-D CT soft tissue simulation and the clinical
outcome shows good similarity in chin position. An important discrepancy at
the right mandibular angle is certainly partially due to post-operative swelling
after distractor removal

Fig. 10.3. Soft tissue simulation of the same patient (right quarter view, 3-D
CT soft tissue surface representation, patient B.R.)

Fig. 10.4. Clinical post-operative result of the same patient (clinical right
quarter view, patient B.R.). Comparison of 3-D CT soft tissue simulation and the
clinical outcome illustrates the discrepancy at the right mandibular angle 
partially due to post-operative swelling after distractor removal
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10.3 Visualization of 3-D Cephalometric Data with Stereoscopic Displays

mentioned soft tissue landmarks. Moreover, acquisi-
tion of surface data using these systems involves no
ionizing radiation and allows inexpensive serial soft-
tissue data collection for long-term follow-up.

10.3
Visualization of 3-D Cephalometric Data 
with Stereoscopic Displays

Classically, the 3-D image content is rendered on a flat
2-D screen. Recent advances in computer hardware
technology allow real-time, in-depth spatial viewing
through the use of a new generation of so-called
stereoscopic displays.

The key to in-depth spatial viewing of a 3-D image is
presenting different views to the right and left eye. The
difference between these two views is provided by a
slightly different viewing position to mimic natural
stereoscopic vision. The brain reconstructs the 3-D in-
formation and allows in-depth spatial viewing. Several
techniques have been developed to realize in-depth
spatial viewing. Currently, however, all systems have
limited viewing angles.

An early attempt consisted of colour-coding the
views. The user wears a special pair of glasses with one
green and one red glass. In this way, reddish renderings
are not visible for the eye with the red glass, and vice
versa. The disadvantage of this method is that colour
rendering is not possible.

Another technology is based on an alternative type
of glasses, so-called shutter glasses. The computer
screen renders first the image for the right eye and sub-
sequently the image for the left eye. When the image
for the right eye is rendered, the glass of the left eye is
not transparent and vice versa. The computer screen
and the glasses are synchronized. Typically the glasses
consist of LCDs that switch between two states,“black”
and “transparent”.

More recently, auto-stereoscopic displays have been
developed. Auto-stereoscopic 3-D displays incorporate
a set of lenses, mounted on the computer screen. The
lenses are manipulated in a way that the left eye sees
one image, the right eye the other. Therefore, these dis-
plays track the position of the eyes. On the computer
screen, every second vertical image line is viewed by
one eye and the intervening lines by the other eye. The
lenses ensure that the eyes see the appropriate images.
A disadvantage is that the vertical resolution is divided
by two because of the two images. Since the screen res-
olutions, however, are very large (e.g. 1600×1200 pix-
els) sufficient resolutions for detailed rendering are
achieved.

Fig. 10.5. 3-D CT soft tissue surface presentation (Maxilim, version 1.3,
www.medicim.com) of a patient (patient F.L.)

Fig. 10.6. High-resolution full-face colour surface model of the same patient,
acquired with a 3-D surface imaging system based on active stereo pho-
togrammetry (Fig. 10.7.) (patient F.L.)
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Stereoscopic viewing needs also in-depth spatial
measurement tools. Our research group is currently
testing different hardware tools (variants of the so-
called space mouse) that allow in depth interaction for
3-D cephalometry. The accuracy and reliability, howev-
er, of in-depth spatial 3-D cephalometry has to be sta-
tistically validated.

Fig. 10.7. Set-up of a commercial hardware system for 3-D surface imaging
(3dMDface system, www.3dMD.com) based on active stereo photogrammetry

Figs. 10.8, 10.9. After registration of the 3-D photograph for  3-D CT, the texture map of the 3-D photograph is fitted onto the CT skin surface (Maxilim, version
1.3.0, www.medicim.com) (patient F.L.). In this way, all data remain related to the CT data.This technique allows identification of both bone- and hair-related soft
tissue landmarks
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Fig. 10.10. Workstation with a commercial auto-stereoscopic 3-D display (C-i display, www.seereal.com) for real time spatial in depth 3-D cephalometry

Fig. 10.11. Close-up view of auto-stereoscopic 3-D display (C-i display,
www.seereal.com) (3-D CT hard and soft tissue surface presentation, patient
K.C.)




