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Introduction

Dense Facial Tissue Depth Mapping in Meshlab4

Mouth

This poster presents data collected from a study of head CT scans
of modern Americans for the purposes of informing facial
approximation guidelines. The study is a collaborative effort
between forensic science researchers and facial approximation
practitioners, employing various free and commercial software tools
to facilitate data sharing and quantitative and qualitative analyses.
While the study is still underway, the results suggest that many
facial approximation “rules of thumb” may need to be re-evaluated.
*This research project was submitted to VCU’s Institutional Review
Board and given exempt status.

Methods

•

Due to missing teeth in many individuals, we are investigating more persistent anatomical indicators for
the dimensions and position of the mouth.

Tissue Depth Mapping
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We are finding that having a web or
an area of tissue depth defined by
several anatomical landmarks is
much more appropriate that just
having 21 individual points.

•

A holistic understanding of the
gradation of the tissue depth will
assist forensic artist with the
accuracy of approximations.

•

The color charts showing the tissue
depth patterns will give a clearer
understanding of how the contours of
the face should be predicted, thus
creating a more accurate image.

Allows Artist to view how the tissue depths across the
face change, and at what grade

0

The figure plots landmarks
around the mouth for females (n
= 36) and shows that in frontal
view, the corners of the mouth
(ChL’ and ChR’) line up
vertically with the positions of
the infraorbital foramina (IoFL
and IoFR) more so than with the
distal canines (DCL and DCR).
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Dataset: The Cancer Imaging Archives
(www.cancerimagingarchives.net)
• Public, de-identified
• Age and sex
• Skull and face STL models can be exported and shared with
collaborators
• The Simulation Module in Mimics© is being used for the
placement of anatomical landmarks and collection of distances and
angles between landmarks.
• Landmarks were transformed into a common coordinate system
by calculating their distances from 3 reference planes so that
individuals could be plotted simultaneously in different views. This
allows our results to be translatable to both 2D and 3D facial
approximation methods.
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The 3D skull and face STL models generated in Mimics© are
imported into Meshlab for the generation of dense facial
tissue depth maps.
The only modification to models is hollowing to remove
internal soft tissue surfaces of the face and cropping of the
face anterior to the ears.
This method can be applied to any head CT scans that have
been rendered into 3D skull and face models.
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•

Lateral view of nose tip
shape compared to nasal
aperture shaped.

•

Direction of the anterior
nasal spine.

•

Angle of nasal bones vs.
angle of nose bridge.
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Allows shaders, wireframe rendering, and viewing of all 3D data (with
adjustable layer vews), including STL skull and face models, PLY
tissue depth maps, and XYZ files of 3D landmarks generated in
Mimics.
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AlL
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Meshlab3

Specific features can be examined
when seen on the subject of a facial
reconstruction and the subtleties can
be used to look for similarities with
the scan with similar features.
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•

Identifying relationships between tissue depths
and morphological indicators may provide
individualizing features for facial
approximations.

•

Looking at the shape of the nose and the
curvature of the bridge of the nose.

•

Looking at the position of the nostrils in
relationship to the nasal aperture.

•

Examining Nostril asymmetry.

The study of head CT scans can uncover new relationships between the facial skeleton
and facial soft tissues.
This study has found that some of the existing formulae used in facial approximation for
predicting anatomical features are not accurate for a number of subjects.
We have found that many traditional guidelines, especially those based on teeth, are
unreliable and that more persistent anatomical features, such as the infraorbital foramina,
may provide better estimations of facial features.
The tissue depth maps, along with the qualitative and quantitative analyses of faces and
skulls will provide practitioners with a comprehensive 3D reference database.
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The plot above shows bone (white fill) and skin (color fill)
landmarks for females (n=42) around the nasal aperture.
Plotting all individuals simultaneously allows us to see any
consistent directional positions between bone and skin
landmarks.

We are investigating indicators of the position of the nose tip in
front and profile views for translation to both 2D and 3D facial
approximation methods.

•

Exported PLY files can be further split into any depth
increment (mm) to facilitate visual inspection of the
distribution of specific depth values across the whole
face.
We have applied a series of Meshlab filter scripts
within Meshlab involving sequential removal of
specific 1 mm depth increments.
All mesh and point increment files can be viewed in
Meshlab simultaneously. Visibility for each layer can
be turned on and off, allowing for example skull and
face points with 5 mm depths to be viewed separately
from all other depths.

Conclusions

NsL

Allows viewing/manipulation with
adjustable color & transparency.
Models can be “clipped” with CT
scan slices imported as .nrrd.

•

We are investigating dimensional as well as positional relationships between the nasal aperture and soft tissue landmarks of the nose.

10

Allows viewing & manipulation
of 3D models with adjustable
color & transparency.

One individual with different body
weights (Above).
Three Different Individual Color
Maps (Below)

Having color maps for different head
shapes will give an immediate
understanding of the tissue depths on
the face.
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In profile view, the corners of
the mouth tend to coincide with
the distal canines; however
many individuals are missing
teeth. We are investigating
other bony landmarks that may
vertically line up with the mouth
corners in profile view, such as
the most lateral point of the
nasal aperture (AlL).

Free Software Tools
MeshMetric1

Visualization: Splitting into Increments

MeshMetric
(https://www.nitrc.org/projects/meshmetric3d/)
3D Slicer (https://www.slicer.org/)
Meshlab (http://meshlab.sourceforge.net/)
P. Cignoni, C. Rocchini, R. Scopigno, Metro:
measuring error on simplified surfaces, 1998,
Computer Graphics Forum 17: 167-174
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