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Forensic facial reconstruction (FFR) is a technique that 
combines scientific methods and artistic skills to recreate 

a person’s facial appearance from skeletal remains, particularly 
the skull.1,2 This process is based on the relationship between 
soft facial tissues and the underlying cranial structure. There 
are two main approaches: two-dimensional (2D) and three-
dimensional (3D) reconstruction; 2D methods involve drawing 
facial features on overlays superimposed on skull images or 
craniographs, providing Frontal and lateral profile views. The 
3D method involves a sculpting technique on the skull replica, 
which can be done manually or digitally. Three primary schools 
of thought exist in forensic facial reconstruction procedure: 
the tissue depth method and the American method. Developed 
by Krogman in 1946, this approach uses average tissue 
thickness at various landmarks on the skull to guide soft tissue 
reconstruction. Anatomical or Russian Method: Developed by 
Gerasimov in 1971, this technique involves carving muscles, 
glands, and cartilage layer by layer onto the skull. It requires 
a higher degree of anatomical expertise. Combination or 
Manchester Method: Developed by Neave in 1977, this 
approach considers both soft tissue thickness and facial 
muscles, combining aspects of the American and Russian 
methods.3-6 Recent technological developments have led to 
computerised facial reconstruction methods, which improve 
versatility, performance, and speed. These digital systems can 
be divided into automated systems and modelling systems. 
Automated systems focus on anthropometrical data and 
templates, while 3D modelling software uses animation 
techniques to approximate manual reconstruction processes.7-10 
Some solutions incorporate haptic feedback for a more intuitive 
sculpting experience. Digital forensic facial reconstruction 
leverages advanced imaging, modelling, and sculpting tools 
to recreate an individual’s face from skeletal remains with 
enhanced precision, flexibility, and efficiency. The process 
begins with creating a high-resolution 3D model of the skull, 
often generated from CT or 3D scans that capture essential 
details of bone structure critical for accurate forensic facial 
approximation.11 Digital tissue depth markers, based on 
standardised measurements for age, sex, and ancestry, are 
applied at specific cranial landmarks to guide the addition of 
virtual “flesh” layers.12 Specialised 3D modelling software, 
like Geomagic FreeForm, ZBrush or Blender, supports detailed 
sculpting, allowing practitioners to accurately replicate 
underlying muscle and tissue layers while ensuring anatomical 
precision. The digital environment offers unique advantages, 

including undo capabilities, symmetry tools, and the ability 
to adjust or save reconstructions, making the process 
reproducible and efficient. A transformative addition to digital 
facial reconstruction is the use of a haptic device like the Touch 
X by 3D Systems, along with Geomagic Freeform Plus 
software, which allows us to perform the forensic facial 
reconstruction procedure digitally. The brush-like 3D sculpting 
tool provides tactile feedback, enabling a forensic expert to 
“feel” the skull’s surface virtually, closely mimicking the 
experience of traditional clay sculpting.13,14 This haptic 
feedback allows experts to detect skeletal details, which 
enhances anatomical accuracy and control in contouring 
delicate facial features like the nose and eyes. Haptic systems 
also reduce subjectivity and the skill level needed compared 
to manual methods, enabling faster creation of multiple facial 
variations and facilitating the digital reassembly of fragmented 
skulls with enhanced accuracy.15,16 The Touch X device’s 
intuitive interface for manipulating 3D models makes it more 
user-friendly than traditional mouse-based systems, improving 
the overall user experience.17 Furthermore, digital facial 
reconstructions can be saved, modified, and reused without 
additional material costs, unlike physical models, allowing for 
efficient testing of different facial representations. While initial 
investments in haptic systems like the Touch X may be high, 
they offer long-term cost savings through increased reusability 
and reduced material expenses. Ultimately, devices like Touch 
X have made computerised forensic facial reconstruction 
faster, more precise, and accessible, enabling forensic experts 
to leverage their sculpting skills in a digital environment while 
still allowing for necessary artistic interpretation. The advent 
of high-resolution 3D scanning technologies, including 
structured light, laser scanning, and photogrammetry, has 
fundamentally transformed the initial stages of forensic facial 
reconstruction. These modalities allow the digital capture of 
skull morphology with remarkable precision, often achieving 
higher accuracy. Structured light and laser scanning produce 
a rich 3D point cloud and surface mesh that can be archived, 
manipulated, and analysed without direct contact with the 
often fragile or fragmentary remains, avoiding risk of physical 
damage or data loss.11,18 Photogrammetry, using multiple 2D 
photographs from different angles, further democratizes skull 
digitisation as it requires comparatively less specialised 
equipment. Once digitised, the skull model can be virtually 
manipulated for alignment, symmetry correction, or defect 
repair. Subsequently, 3D printers (using materials from resin 
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to plaster) generate tangible skull models or completed facial 
reconstructions. This has dual benefits: (a) it enables artists 
and scientists to work collaboratively on physical models when 
digital access is limited, and (b) it provides durable and 
reproducible reference objects for further forensic, educational, 
or exhibitory use.11 Finally, 3D scanning and printing facilitate 
international remote collaboration and can be invaluable in 
court presentations or public appeals by lending a palpable 
dimension to forensic findings.6,11 Integration of diverse high-
resolution medical imaging modalities has further refined the 
anatomical accuracy and evaluative potential of FFR. 
Multislice computed tomography (CT), cone-beam computed 
tomography (CBCT), and magnetic resonance imaging (MRI) 
each offer unique contributions. CT and CBCT efficiently 
image bone in exquisite detail, enabling precise segmentation 
of cranial structures, detection of pathological changes, and 
reconstruction even when remains are incomplete or 
commingle.1,19 MRI, although less effective for mineralised 
tissues, excels in rendering residual soft tissue and can be fused 
with CT data for a comprehensive anatomical map. Advanced 
imaging not only aids in the creation of digital skull models 
but also supports the digital placement of anatomical landmarks 
crucial for facial reconstruction protocols.1,10 Furthermore, 
these modalities are non-destructive, allow repeated and shared 
evaluation, and facilitate the storage of the entire evidentiary 
record in a digital format. The availability of extensive, 
population-specific databases of facial soft tissue thickness 
has greatly enhanced the reliability of FFR. These datasets, 
stratified by sex, age, ancestry, and body mass index (BMI), 
serve as foundational reference points for both manual and 
computer-driven reconstructions.20,21 Data-driven approaches, 
including statistical shape modelling (SSM), morphometric 
analysis, and finite-element modelling, enable practitioners to 
predict facial geometry based on the complex relationships 
between skeletal architecture and overlying soft tissues. SSM, 
for instance, can model probable facial appearances from 
collections of 3D landmarks, while finite-element analysis aids 
in simulating the biomechanical properties of facial tissue.21,22 
A recent, promising advance in FFR is the application of 
artificial intelligence (AI) and deep learning approaches. These 
methods employ algorithmic models, including neural 
networks, regression trees, and Bayesian frameworks, to learn 
complex, nonlinear mappings between cranial morphology 
and facial appearance from large training datasets. Supervised 
deep learning models can automate the assignment of soft-
tissue thickness values, predict the presence or morphology of 
facial features (such as the nose or lips), and even simulate 
facial changes related to ageing or expressions.

AI-driven FFR aims to reduce the degree of subjective 
decision-making that has traditionally characterised the field, 
potentially increasing both speed and standardisation. Although 
these techniques are still developing and face issues like data 
quality, validation, and transparency, they show strong potential 
to create reconstructions that are more accurate and based on 
probabilities.
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