Use of 3D photogrammetry in the craniofacial assessment of Noonan syndrome.
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Objective evduation of the face, through the use of anthropometry, cephadometry or
photogrammetry, has been used to supplement syndrome identification for many years.
Anthropometry can enhance subjective or gestalt impressions of facid appearance, by focussng the
eye of the observer on facid dimensions which are most discrepant from norma, and which best
diginguish the syndrome. For over 45 years, 2D photographs have been used as a quickly obtained,
permanent record of a patient's gppearance. Measurements can be taken directly from
photographs, however errors occur due to pose and lighting, papation of hard tissue landmarks is
not possible, and sandardisation is difficult.

We have studied the faces of 22 individuas with Noonan syndrome using a standard anthropometric

approach. Measurements were carried out by one of the authors (JEA). On the same day, a TCTi
DSP 400 scanner recorded 3D images of both facial geometry and appearance. An additional 28
children of amilar age, from the generd population, have aso been scanned. The scanner uses Six
cameras, two to generate dightly off centre right and left portraits, and four to provide separate
stereo video views that are composed into a single surface, and onto which the two portraits are
projected to generate facia appearance. The surface geometry, typicaly involving between 4,000
and 9,000 vertices, and appearance can be viewed separatdly or in combination. Simultaneous
capture of surface geometry and appearance aids visuaisation and subsequent landmarking. Image
manipulation and data visudisation are provided by ShapeFind software developed by two of the
authors (TJH, PH).

This study has demonstrated the advantages of 3D photogrammetry over 2D photography.
Problems with pose are avoided and landmarking is facilitated by being able to view the face from
any desred angle. The mgority of computer-derived measurements agree well with the manua

craniofacid assessment. Some discrepancies are accounted for by problems in image capture. The
3D facid images of control children and children with Noonan syndrome have undergone
preliminary andyss, providing good delinegtion of the features of Noonan syndrome and excdlent
3D visudisation of facid shape variation. The use of principle component andysis to generate major
modes of 3D facid shape and gppearance variaion in syndromic faces is novel. Composite
vaiation of multiple modes offers an impressve and powerful tool to show continuous trangition

between the syndromic and non-syndromic face. 3D photogrammetry and the visudisation tools
provided in ShapeFind both discriminate between norma and syndromic face and train the eyein a
3D gestadt mode.



