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Abstract

This experimental research work was aimed to develop a 3D photographic method to be used in
orthodontics diagnoses, having particular characteristics: precision of measurement, robustness of
the method, speed of relief, ease of scanning, portability and low weight of the final system, low cost,
non-invasive equipment.

Various solutions of the experimental set-up have been implemented for the non-contact detection
and measurement of the face soft tissues.

This paper highlights the advantages and disadvantages of different set-up designed during the trials,
comparing them to identify the best solution that meets the characteristics listed above.

Mainly two different types of photogrammetric approach were designed: the first one uses three
cameras and projected grids in a dark environment; it is based on point triangulation. The second one
uses 4 or 5 cameras and operates with applied on the background and on the face in ambient light; it
is based also on the DSM methodology, and obtains more dense point clouds.

The systems were tested scanning the head of a mannequin and real human faces.

Within each type, several variants were tested to evaluate the differences, changing the conditions of
projection, lighting, shooting. Moreover, the results for each approach were compared with those
obtained by laser scanning (both on real face and on a mannequin), for which are already known the
performances.

The system that best meets the requirements for diagnostic use in orthodontics proved to be the
second one, in which coded targets applied directly on the face were used, shooting in ambient light,
adopting digital photo sensors having 10 megapixels, and using 4-5 shots synchronized. The
commercial software PhotoModeler was used for the CAD reconstruction of the face, and Geomagic
for measures and comparisons.
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1. Introduction

In recent decades, thanks to the availability of new detection and measurement systems,
anthropometric studies that consider three-dimensional surfaces were developed [1], deepening the
analysis of 3-D geometries and morphologies of the major outer tissues of the human body.

There are several methods of acquiring data on the form of a three-dimensional object [2].

The information on the shape of the human body has many medical applications [3]: for the collection
of anthropometric data [4], but also for computer animation [5], for teleconferences and virtual reality
[6], for forensic applications [7], for the sports training [8], for simulation testing of clothes [9] and to
create products that take into account ergonomics [10].

Techniques of digitization of the human face must consider various aspects, such as realistic and
accurate reproduction of the form obtained, the acquisition time for the model, the simplicity and cost
of equipment.

For medical applications, non-contact methods are particularly interesting: the contact with the probe
instruments during the measurement of soft tissues can deform the facial surface and thus can be a
source of inaccuracy. Indirect methods, for which the interaction time with the patient is very limited,
are less influenced by the behavior of the subject. Then, some measures, such as eyes, are difficult to
obtain with direct methods without causing discomfort or injury to the patient [11]. The non-contact
measuring methods do not provide the mechanical contact of the probe with the object: the interaction
is implemented through electromagnetic fields, light or sound; the system obtains the information
relating to the investigation by detecting energy transmitted or reflected from the body.

The Directive 97/43/EURATOM says that radiographic exposure is justified only when the patient
management depends on the information obtained the radiograph. The optimal testing of a diagnostic
record is to evaluate its consistency and validity.
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It is important to consider that problems as aesthetic treatments and surgery, orthodontics,
malocclusions, cannot be consider always diseases: often they are not a biological abnormal state.
So, that assessment of validity of a diagnostic record is not possible in the absence of the true state of
disease. Thus, in studies where it can not be assessed the validity of the use of radiation, an
alternative may be represented by comparisons of more non-invasive diagnostic tools.

In the medical field in general, and in particular orthodontic, the use of various investigative tools

enhance the diagnostic clinical physical examination performed on the patient. Among these

photographic examination it is crucial to analyze the current characteristics and temporal variations of
soft tissues, spontaneous or therapeutically induced.

Many studies have been carried out on cephalometric measurements and on soft tissue obtainable by

X-ray examinations, such as 3D CT and 3D Cone-Beam CT, instrumental tests that provide a three-

dimensional vision either of hard tissues either of the soft tissue of the patient [12], but that expose

the patient to a moderate dose of x-ray.

The methods based on reflection uses images to provide useful spatial information in medicine, can

be grouped into three main groups:

1. Measurements of surfaces and shapes of any body part (very small or large) for plastic surgery,
reconstructive medicine, orthopedics, prosthetics, orthodontics and other dental specialties,
dermatology and cosmetics;

2. Recording of the human body in motion (in which predominate walking studies);

3. Surgical measures in real time, to precisely position the surgical instruments and implants in the
surgical theatre.

The solutions offered by major manufacturers vary in features, such as: technology (laser scanning

projection of white light), building systems (fixed, CMM machines, robots, articulated arm), or type of

measurement (surface scan, scan profile). The methods that detect the facial surfaces of 3D
structures include laser surface scanning, moiré topography, contour analysis and detection of
reflective markers with infrared cameras.

The 3D optical techniques for the acquisition of faces can be divided into:

1. 3D scanners [13]. The image acquisition is done by one or more laser beams of infrared light
captured by mobile CCD camera. These methods are quite expensive, but also potentially very
accurate. When a non static object is captured, such as a human face, there are significant
limitations due to relatively high capture time (5 to 15 sec). The subject may move, causing errors
in the final 3D model. 3D laser scanning has been widely studied, since the results give an
opportunity to acquire high precision and complex shapes, but the cost of this equipment is very
high, and the acquisition time requires (at least in the medical field) a great collaboration of the
person concerned. 3D facial laser scanning systems (such as the Minolta Vivid 900 and 910)
were used in medicine to detect and measure the morphology of the face and identify the location
of anatomical landmarks on the virtual model, in order to assess its reliability in clinical
perspective [3.14].

2. 3D imaging systems based on structured light projection and analysis of moiré fringes: they
require the projection of patterns on the face. The reflected images are acquired by CCD cameras,
and then processed to determine the 3D coordinates of points [15].

3. Instantaneous 3D imaging systems based on photogrammetry: 3D information is obtained
through the acquisition and comparison of several photographic images [16]. When using multiple
synchronized cameras, they are ideally suited to digitize the human body, for insensitivity to slight
movements of the body [17,18].

The photogrammetry and laser scanning systems, thanks to the large number of anatomical points
identified during the acquisition, have proved to be very useful in the morphological study of patients
with facial asymmetry, facial clefts or other craniofacial disorders and dysmorphoses: in particular,
these systems have proved valuable in providing a detailed morphological analysis of patients with
complex facial deformities, since they avoid the distortion and magnification of typical radiographic
images.

2. 3-D measurement using close range digital photogrammetry

In last years begin to be available on the market some anthropometric equipment dedicated to the
detection of the body surface, and in particular of the human face [2]. The major limitations of these
optical systems are particularly cost, portability sometimes difficult, and often the difficulty to identify
landmarks on the computer reconstruction of the facial surface [19].

Photogrammetry is on the contrary a method definitely cheaper, easy to use and requires a short
acquisition time. The term photogrammetry means all those procedures that use photographic images
of an object to obtain the position, shape and size. This technique allows to obtain the spatial position
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of the points of interest by photos and using a processing software for the image reconstruction [20].
The acquisition of information by photogrammetric techniques is very fast (4-6 ms), although
subsequent data processing can still take a heavy human involvement.

The great opportunities offered by stereophotogrammetry are confirmed by the choice of the National
Institutes of Health Clinical Center (NIDCR) [21] to use this method for a wide field survey in the
United States, Brazil and Peru, on healthy volunteers and patients with craniofacial dysmorphoses.

3. Experimental activity

The authors have developed specific Research Projects of National Interest [18,22,23,24,25,26,27].
Through these projects low-cost scanning systems for photogrammetric diagnosis of facial and
analysis of post-operative state have been designed. Three types of system were developed, based
on a variable number (3 to 5) of high definition digital cameras (compact, SLR and prosumer). The
systems operate under different conditions, which may include a projection of grid points (coded or
not) in a dark environment, or the use of cold light lamps.

Regarding the number of points acquired, they were almost 1000 for the first configurations based on
the triangulation points, and over 20,000 with the latest (based on matching areas), with the possibility
of increasing more and more the point density, increasing the computing time. The point cloud, using
Dense Surface Modeling algorithms, are dense, compact and precise (0.5 - 0.6 mm on average, and
for individual points measurement with coded target up to 0.03 mm on X and Y and 0.15 mm on Z,
certainly more accurate than laser scanners, such as the Minolta Vivid 910i, which has an accuracy of
0:380on X, £0:31 mmon Y and £ 0.2 on Z).

4. The photogrammetric scanning system

The set for the photogrammetric scanning system is realized using cold light lamps, stands, tripods,
flashes, cameras, computer remote control and analysis. In particular, two systems were made for
photogrammetric measurement, which can use projected coded targets or coded target applied
directly on the face of the patient. The first one is based on 3 Canon 40D, a pattern projector, a
software for simultaneous control of the camera (shutter speed data, trigger, storing of images), and a
photogrammetric software for the reconstruction of point clouds of faces (Fig. 1 and 2).

"

Fig. 1. photogrammetric set-up system with 3 cameras, Fig. 2. Reconstruction of the face with the method
projected grids and targets in a dark environment to 3 cameras
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Fig. 3. 4-Camera photogrammetric system set-up Fig. 4. Point clouds obtained using the system with
4 cameras
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The 4-camera system (Fig. 3) consists of 4 high-definition digital SLR cameras, 2 flashes, 4 cold light
lamps, computer that manages the process of simultaneous shooting to ensure cameras
synchronization, and for the recording of the images. After a series of experiments the system was
completely set and developed, and allows scanning and construction of clouds using either cold light
lamps either external or internal flashes (Fig. 4).

Excellent results were obtained with the system having 5 cameras (Fig. 5). In this case the final
configuration is one that involves the use of 3 external flashes, 2 couple of 2 cameras and 1 central
camera. With the help of the central one, the cameras position calculation is optimized, and is
improved the accuracy and the alignment of the clouds in prominent areas such as the nose (Fig. 6).
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Fig. 6. mesh obtained with the 5-camera system 3D face reconstruction

5. Examples of reconstruction of the facial surfaces

The point clouds were developed to identify landmarks relevant to the biometric analysis of the
characteristics of the faces.

The first step is to align the origin of the three reference coordinate planes on virtual models of faces.
The method is that proposed by Baik [28]. The Camper plane is firstly defined as the plane that
passes through the wing of the nose and both the tragus points. The reference plane then is obtained
from the axial rotation of the Camper plane of 7.5 ° upwards, around the axis formed by both the
tragus points (Fig. 7).
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Fig. 7. Measure by method 3 coordinated plans and Landmarks on virtual models of faces and facial model using
landmarks and polygons obtained between these points

The Axial reference plane is defined as plane passing through the Nasion (Na') soft tissue, parallel to
the plane obtained by rotation of the Camper plane. The Sagittal reference plane is defined as a plane
containing Na' and the midpoint of the axis between both the tragus points, while perpendicular to the
Axial reference plane. The Coronal reference plane is calculated as the plane through Na', and
simultaneously perpendicular to the axial and sagittal reference planes. These three reference planes
define the new coordinate system whose origin is Na' (zero point). All the landmarks coordinates are
defined in this new coordinate system.

Some landmarks, such as the soft tissue Gonion fronto-temporal, and the Zygomatic point may be
marked on the skin before scanning, to provide a better localization of the points in the 3D
reconstruction.

A first objective was to obtain three-dimensional facial models through the measures outlined by
obtaining for each face a specific calibration of these values (Fig 7).

6. Analysis of symmetry

Some preliminary tests of case studies of patients with facial asymmetry were carried out, using
colour maps (Fig. 8).
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Fig. 8. Analysis of asymmetry with color maps

063
148 =
233
318 o
40 o
459 o
574
659 o
ez vhsseX | 74 B
830 =
315 =

7. Conclusions

The anthropometry is an objective instrument for assessing the facial form and to detect changes over
time, to diagnose genetic or acquired defects, for planning and evaluating surgical operations, to
study normal and pathologic growth and to verify the results of the treatments.

The three-dimensional imaging diagnostic is an innovative approach in the field of medical disciplines,
particularly dental, in which is emerging either in the clinical either in the research world. The image
processing algorithms applied to facial images allow to develop and improve anthropometric
applications by reducing the time required for examination, improve the reliability of measures,
allowing to automatically detect clinically important distances and angles. These methods can be
used to perform the analysis and comparison of the facial shape. Thanks to benefits of the images
technology, the use of surface anthropometry has been extended to the full analysis of the face.

With the proposed methods it is possible to analyze the patient's facial type, the symmetry or
asymmetry of a face, and evaluate the proportions between the different components of the facial
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profile. The 3D detection and measurement methods are an important diagnostic tool respect to the
traditional 2D methods, because they could integrate three-dimensional assessment of soft tissue
with the information obtained from two-dimensional cephalometric analysis.

The integration of data acquired using different technologies (CT, Cone Beam, Surface Scanning)
may allow the clinician to customize more and more, and therefore improve the diagnostic and
therapeutic approach to individual patients. Having a virtual 3D reconstruction of soft tissues rather
than 2D photographic images of the face of patients, extends the capabilities of diagnostic and
therapeutic clinical diagnostics, and may provide additional information on the dento-alveolar and/or
skeletal disharmony hidden behind the profile and the face of the patient; in the therapeutic approach,
it helps the clinician to investigate the aesthetic implications of dental-facial disharmonies, which are
not a secondary aspect of treatment, as are often the real motivation of the patient to the treatment .
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