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Abstract
This article reports on techniques used in forensic facial identification with a 3D modeling software system to
create a virtual sculpture. In this forensic case study, Free Form Modeling SensAble Technologies and a haptic
feedback Phantom® Desktop™ were used to reconstruct the facial features of the deceased from her skull. It was
previously C-T scanned and then imported as an STL file under which the work was done. The advantages of the
haptic feedback device is that the forensic specialist is able to “feel” the surface of the skull, not only to provide a
more accurate assessment of the individual -such as their ancestry, sex and age determination-but also to visualize
the process of the Manchester method of forensic facial reconstruction step by step.
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Case Background
In 2015, the Pennsylvania State Police approached The National
Center for Missing and Exploited Children (NCMEC) in Alexandria,
Virginia, USA, as a last resort to identify remains from a cold case. The
Forensic Imaging Unit at The National Center provides imaging
services to law enforcement and families such as 2D and 3D facial
reconstructions, post-mortem depictions and age progressions of
missing and unidentified persons. In this case, the remains of a mixed
race young female between the ages of 11 and 15 were due for a 3D
forensic facial reconstruction. She had been found at a landfill in
Westmoreland County in September 1967, and her case went cold for
nearly 50 years.

Introduction and Methodology
The most important factor affecting the face is the underlying
skeleton. The skull consists of 22 bones, and its shape will provide the
different variations between each individuals. The anatomical method
used here relies on virtually modeling every muscle of the face onto the
skull.

Anatomical method
The anatomical method of facial reconstruction was developed by
Gerasimov, a Russian anthropologist who was convinced that
developing an anatomical approach involving modeling each facial
muscle onto the skull before applying a layer of skin was more accurate
for forensic purposes [1]. This method was later adapted and taught by
Prag and Neave [2], Iscan and Helmer [3].
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Material
We have used SensAble Technologies Freeform Modelling Plus
System which includes the Phantom® Desktop™ haptic device. Once the
skull is imported into the software, pieces can be moved, duplicated,
reattached if need be (if the skull is partly damaged, or if the mandible
has been scanned separately), much faster and quicker than when the
remains are handled manually. The virtual technique of modelling with
the haptic device allows the forensic imaging specialist to feel all the
surfaces of the modelled skull that is being sculpted on screen, and to
produce an intuitive interaction with the digital process [4]. The
different objects imported and those sculpted into the software will be
easily manipulated into different shapes in space, on a solid or seethrough plane for better accuracy and precision purposes [5]. This
technique also provides important skeletal details for facial
reconstruction such as position and measurements of different
characteristics of the skull [6].

Skull assessment: Ancestry, sex determination and age
determination
With access to the autopsy report, the crime scene report and the
CT scan of the skull, the preliminary work can begin. From the
anthropology report and the autopsy report, the ancestry of the
deceased was established: Mixed race black and white person, which
can be verified by variation traits observed on the skull by the forensic
anthropologist and the imaging specialist [3,7]. The deceased was most
likely a female due to nonmetric cranial traits of the skull [8]. From the
same reports it was determined that the remains were very young from
her dental assessment, probably between 11 and 15 at time of death
[9].

Pegging and modelling
To estimate the thickness of the skin, tissue depth markers were
used: they consist in little pegs positioned onto the skull at a 90 degree
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angle to the bone surface on different anatomical point of the skull,
called craniofacial landmarks (Figure 1). Here, the FBI 2015 tissue
depth data was used, each one measured and positioned correctly.
Guideline tangents are also positioned, as an indicator for the
placement of the ears, eyes and nose (Figure 2).

soft tissue thickness [11]. The ears are modelled in reference to the
mastoid process and the angle of the jaw, as outline by Taylor [12].

Figure 1: Craniofacial landmarks by rhine.

Figure 3: muscle structure with pegs (Galzi Forensics).

Figure 2: Guidelines (Galzi Forensics).
Modeling the muscles comes next. All the muscles, layer by layer,
can be activated as see-through pieces (Figure 3) to be able to always
rely and follow the shape of the bone for better accuracy.
Each muscle can also be mirrored and repositioned symmetrically
and correctly on the other side of the skull, which saves time without
damaging the remains as opposed to the manual method of
reconstruction (Figure 4). The muscles, if sculpted on different layers,
can be saved in a separate folder and be reused and modelled for other
reconstruction cases [10].
Once all the muscles are positioned, the skin layer can be added and
the facial features can be modelled, with the pegs as indicators of the
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Figure 4: Order of muscle modeling (Galzi Forensics).
The lips are shaped one by one determined by the underlying
structure of the bone in reference to the inter-canine distance, the
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height of the incisors, the occlusion of the teeth, the dental pattern and
the shape of the jaw [4,5]. The lips and mouth can be reused and
reshaped on future cases. The same will apply for the eyes and the
nose, taking into consideration the markers as indicators for
positioning the features: a theory stated that the inner and outer corner
of the eyes was precisely determined respectively by the lacrimal fossa
and the malar tubercle, often easy to find on the skull. The nose, buildup of nasal bones and cartilage, involves calculations of its shape based
on the angle and width of the nasal aperture [11,13] and slowly the face
can appear. All of these modelled features are then easier to integrate
to the system and to reuse at any given time.The hairstyle was done
last: one of NCMEC’s staff joined us in the Forensic Imaging Unit so
we could scan her hairstyle, and then apply it to the facial
reconstruction (Figure 4). The final step of the process was to create a
realistic rendering through Adobe Photoshop of the facial
reconstruction for law enforcement, so it could be published in the
medias and trigger someone’s memory. The final draft of the rendering
(Figure 5) was made using different black and white images to
compose a final one, and finally to be sent off to Law Enforcement and
the media.

still asking for information leading to who killed Teala Thompson at
this time [15].

Figure 6: Reconstructed image and original image of Teala
Thompson.
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