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ABSTRACT: Despite varied attempts to achieve standardization
in traditional techniques and the promotion of some newly devel-
oped ones, facial reconstruction remains on the threshold between
art and science. It is the point at which science ends and the medical
illustrator takes over that has led to most reservations over this
branch of forensic anthropology. The purpose of this paper is to
demonstrate that many techniques of facial reconstruction are prima
facie questionable and to illustrate some possible solutions to the
problems which are currently being explored by the Facial Recon-
struction Project at the University of Sheffield (UK). The review
includes 15 responses to a questionnaire which was offered to facial
reconstruction experts and related specialists. The use of 3D color
laser scanning equipment, collection of tissue depth measurements
from CT scans and the development of a computer system for 3D
forensic facial reconstruction, are described.

KEYWORDS: forensic science, forensic anthropology, physical
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The Aims of Facial Reconstruction

The ultimate aim of all facial reconstructions for forensic pur-
poses is to recreate an in vive countenance of an individual, nor-
mally when no other identifying evidence is available, bearing a
sufficient visual resemblance to the missing or deceased person
so that it may contribute to their recognition and lead to identifica-
tion via the discovery of new evidence (1). Facial reconstructions
cannot be used as the sole means for providing positive identifica-
tions in forensic situations, but may be used to help eliminate
individuals from further investigation or to stimulate witnesses’
memories and possibly support other identifying evidence when
available (2-7) (see also results of survey, below), They are not
sufficient evidence of a positive identification for use in a court
of law. Qutside of the medico-legal arena, facial reconstruction has
been used to restore the physiognomies of a number of historical
personae for display in exhibitions (§-11), or to corroborate the
autheaticity of skulls purported to belong to historical figures
(12,13). In such cases, less importance is normally vested in the
reconstruction being of a high accuracy.

'Department of Archaeology and Prehistory and *Department of Foren-
sic Pathology, University of Sheffield, Sheffield United Kingdom.

*The Sheffield computerized three-dimensional forensic facial recon-
struction project is supported by the UK Home Office.

Received 20 Aug. 1996; and in revised form 11 Nov, 1996; accepted
11 Nov. 1996.

Copyright © 1997 by ASTM International

All techmques of facial reconstruction rely upon a hypothesized
relationship between the surface soft tissues of the face and the
underlying bony structure of the skull. As Krogman & Is¢an state,
“the dead skull is, in a sense, the matrix of the living head” (2).
Much of the controversy over the various techniques that has
emerged stems from the lack of a full understanding of this relation-
ship. Indeed, some authors apparently claim that asserting the
existence of a correlation renders a full understanding of the skull-
face relationship unnecessary. Neave states: “As the controlling
factor in this reconstruction was to be tissue thickness there seemed
little point in following anatomical structures too closely” (8).

We maintain that very little is actually understood about the
nature of the relationships between the hard and soft tissues of
the face and that only when these relationships have been explored
in much greater detail might a sufficient level of accuracy be
attainable in reproducing the faces of unknown individuals.

Techniques of Reconstruction

We leave aside two-dimensional (2D) graphic reconstruction
(2,5.14) as 1t is now rarely used; likewise superimposition (6,15—
20), which has a long history of forensic use (21), but which
requires circumstantial evidence in order to establish a link between
the unidentified skull and the superimposed image. We concentrate
instead on three-dimensional (3D) plastic or computer generated
reconstruction, which offers the most direct application of tech-
niques based on the limited relationship between soft tissue depth
and the underlying bone structure, and fulfills the requirements of
the other methods. In plastic reconstructions, the skull (or an
accurate replica cast of the skull) is used as a base upon which to
apply modeling materials and sculpt the soft tissues using pre-
viously determined anatomical relationships (10,12,22-24). Alter-
natively a computer generates an image using the same
relationships (6,25-27). Generally, the purpose of such reconstruc-
tions is to generate an image which can be presented to the general
public via the mass media, with the intention of provoking a timely
recognition of the unidentified individual.

Here we present a critical historical and technical review of 3D
forensic facial reconstruction, and a description of developments
based on tissue depth data collection from computed tomography
(CT) scans and computerized facial reconstruction using a 3D laser
scanner and computer graphics platform.

Historical Review of the Development of Methods of
Facial Reconstruction

There has been a long history of research into quantifying the
relationship between the soft tissues and the underlying structure
of the facial skeleton, with the express purpose of facilitating facial
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reconstructions. The earliest of these was performed in 1883 by
Welcker (28). Welcker obtained a database of tissue thicknesses
by inserting a thin blade into the skin of cadavers mainly at selected
anatomical landmarks of the skull (nasion, gonion, etc.). He then
marked the blade at the blade/tissue surface interface, and measured
the depth of the knife’s penetration. In the following decade, His
(29) and Kollman (30) built upon Welcker’s work, but modified
the technique by measuring the depths of penetration of needles.
Obvious problems with this type of approach are related by Suk
(31). Briefly, these are: the misalignment between palpated land-
marks on the faces of cadavers and the actual landmarks on the
skull, soft tissue deformation occurring during the procedure and
the poor relationship between cadaver tissue depths and tissue
depths in vivo. Cadavers can suffer from soft tissue distortion from
drying and embalming, even in the first few hours after death (32).
Putrefaction, with bloating of the face, may also occur remarkably
rapidly, even in temperate climates.

After several recreations of historic visages (28-30,33-36) by
various investigators, Krogman (37) published a test of the plastic
reconstruction technique on the face of a recently deceased black
male. Although he noted that there was significant error in recon-
structing the bipalpebral breadth and the bigonial breadth, in gen-
eral his reconstruction *“was readily recognizable.” Krogman
formulated five general principles to standardize methodology in
reproducing the unpredictable soft tissues of the facial features,
which defined: the relation of the eyeball to the orbit, the shape
of the tip of the nose, the location of the ear, the width of the
mouth, and the ear length. Although Krogman noted that there
were various structures of the face which bore a very slight or
incalculable relationship to the underlying facial skeleton, he
appeared to be unaware that many of the most important areas for
the recognition of an individual’s facial features were precisely
those that he was standardizing. As Caldwell (38) observed, Krog-
man’s method would potentially reproduce a face which had the
same nasal, aural, and buccal features as every other he might
recreate. Stewart (39) came to the pessimistic view that the time
taken and the results achieved were not worthy of the effort, and
thus facial reconstruction research should no longer be pursued.

Krogman’s (37) and Gerasimov’s (12) work stimulated Snow &
Gatliff’s (7,40) revival and they retested the 19th century German
methods. Of 22 cases subjected to Snow’s analysis, 19 were suc-
cessfully identified. The validity of these reconstructions was tested
when three views of two reconstructions (one a young male and
the other an older woman) were mounted above two series of
seven antemortem photographs, one of each of the series being of
the subject. The photograph of the woman was taken approximately
25 years before her death, whereas that of the man was almost
contemporaneous. The pictures were then distributed to police
officers and civilians. Only a quarter of all viewers identified the
woman correctly, this result being slightly above chance expecta-
tions. The male was identified correctly by two thirds of the
viewers. Snow et al. (7) concluded that the technique required
improvement but that it was a viable approach as an aid to identifi-
cation. This persuaded Stewart (3) to revoke his earlier misgivings
(39) and attempt his own (two dimensional) reconstruction. This
in turn led to the development of a technique for the orientation
of the eyes in two and three dimensional reconstructions, utilizing
the position of the palpebral ligaments and Witnall’s tubercle (14).

Rhine & Campbell (41) followed Suzuki’s (42) example in
seeking to establish reliable data on the thickness of facial soft
tissues. They used traditional techniques of obtaining data from
cadavers, but attempted to expand the range of ethnic groups

included in the database. Optimistically, Rhine & Campbell stated
that they hoped further research following their paper would mean
that facial reconstruction “would gain general acceptance” (p. 857).
Others have contributed to the data collection work and a series
of data have been established for Caucasian, Mongoloid, Negroid,
and Native American population groups (41-43). However, until
the middle 1980s all studies to determine tissue depth data at
landmark sites (see examples in Fig. 1) had used cadaveric popula-
tions and the ‘needle technique’. Rathbun (4) used Rhine & Camp-
bell’s (41) newly established tissue depth data to perform a facial
reconstruction, with some degree of success, but several anomalies
in the real face which could not have been foreseen from the skull
(e.g., soft tissue scar), and marked differences between the noses
and the lips provoked Rathbun to express some doubts about the
method’s reliability. He did advocate the further use of the tech-
nique to accelerate its development and its familiarity in law
enforcement activity, however.

Hodson et al. (43) used an ultra-sound technique to obtain in
vivo profiles of the tissue depths from 50 children aged from 4
to 15 years, although again the points of measurement were defined
using soft tissue criteria (see Nelson (44)). They found that females
tended to show a variability and precocity of growth which hin-
dered standardization. Dumont (45) measured the variation of the
soft tissue depths from lateral craniographs of children and showed
that age, sex, and dental occlusal differences all played a part in
the variation of the tissue depth data. These studies suffered from a
limited populational representation (middle class, white American
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FIG. 1-—Selected anthropometric landmarks of the skull in frontal view
(from Bass (54), with permission).
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children, wealthy enough to afford dental treatment) and a mistaken
understanding of the growth process (e.g., Susanne (46)). Children
do not grow at a regular rate and as such it is very hard to define
growth trends or specific differences for set ages. Neither of the
studies inform the reader that it is impossible to identify sex from
the morphology of sub-adult skeletal material.

Vanezis et al. (27) and Ubelaker et al. (6) have attempted to
establish the use of computer generated imagery for facial recon-
structions. This type of reconstruction uses a computer to model
soft tissues (using standard tissue depths obtained by traditional
methods) on to a captured digitized image of the skull stored
‘virtually’ in the computer. Vanezis et al. list the advantages of
the computer as speed, accuracy and a lack of subjectivity. How-
ever, one cannot help but think that by making use of traditional
depth data the end results are going to suffer from most of the
problems of the plastic sculpture technique. Vanezis et al. admit
that facial features are difficult to manufacture on the computer,
but offer a solution by averaging a series of features from an
established database of scanned faces, implementing these as a
‘mask’ to be superimposed on the surface of the skull. Again
however, we are left feeling that standardized or generalized fea-
tures will produce standardized reconstructions. Ubelaker et al.
(6) have utilized more advanced software, allowing images to
be stored and various parts of the imagery to be removed to
check accuracy.

In 1986 Caldwell (38) published a detailed review of the recon-
struction of facial features from unidentified skulls, with an empha-
sis on the replication of identifying features. Caldwell studied 38
death masks and macerated skulls from the Terry collection and
established 17 guidelines for placement and size of the facial
features. Despite these valiant efforts, Caldwell’s hints were in
reality not much more valuable in terms of specific applicability
than Krogman’s and Gerasimov’s general principles (see above),
partly because of the small sample size and compositional bias,
but also because of the obvious difficulty of trying to calculate
general rules about what are ultimately unique features that bear
little or no relationship with bony structures. More valuable are
her six fundamental questions to be addressed in furthering the
development of research in facial reconstruction, four of which
relate specifically to 3D methods: 1) How can a relationship
between facial details and the underlying skull be established
effectively? 2) Which technique is most applicable/feasible for
each individual case? 3) Can a better assessment be made of the
sex, age, biological affiliation and build of unidentified skeletalized
remains? 4) Is there a method to account for the variability pro-
duced by body build?

Almost without exception, recent research has concentrated on
trying to answer these questions satisfactorily. Macho (47,48)
aimed to produce a satisfactory means of producing a nasal profile
from the bony structures. This was established by using a series
of regression equations. Macho found that although it was possible
to predict the gross dimensions of the nasal structures from cephalo-
metric analysis, nasal depth and soft tissue depth were influenced
by age and sex too strongly to predict with accuracy. More discour-
aging was the discovery that qualitative characteristics could only
be predicted with accuracy 61% of the time, with the nasal tip
shape being least foreseeable (correctly predicted 41% of the time).
This was validated by the revelation that the nasal bones in fact
had little or no bearing on the external appearance of the fleshy
nose. In a similar vein, George (5) used data collected by plastic
surgeons and orthodontists on the structure and size of the nose
and lips, and combined these with the cephalometric analysis of

a number of lateral radiographs in order to reproduce a point map
of the facial profiles of three individuals. As George himself says
(p. 1324): “. .. the points themselves are meaningless. Ultimate
appreciation of the profile depends upon the manner in which
these points are connected . . .”. George’s methodology provides
a valuable attempt at eliminating artistic subjectivity, but a profile
alone as a series of lines is hard to recognize, as the examples
given in his article illustrate.

The overwhelming conclusion which the current authors draw
from this historical review is that despite the valiant attempts of
previous investigators, no satisfactory solutions to Caldwell’s four
research questions (see above) have been found. The major prob-
lems which remain in the study of 3D facial reconstructions are
those of the quality and extent of data and repeatability. These are
issues which are fundamental if the activity is to overcome the
scepticism of non-practitioners (and also some practitioners!). The
relationship between skull as armature and the soft tissues of the
face has not in any way been realistically understood and very
few investigators have touched upon the issue of repeatability
(although see Von Eggling (49), Snow et al. (7), and Krogman &
Iscan (2)). This state of affairs has allowed the majority of 3D
reconstructions to be ‘intuitively’ constructed and to be largely
untested for reliability. The applicability/feasibility of each tech-
nique is more often than not dictated by pragmatic considerations
such as cost and access to resources. We maintain that this is a
poor state of affairs for a subject which could potentially be very
useful in forensic contexts.

In appraising the technical aspects of 3D facial reconstruction
techniques, it is important to realize that our criticisms of the
accuracy of reconstruction are not directed with the aim of castigat-
ing investigators for failing to create exact replicas of an individu-
al’s physiognomy. Facial reconstruction will only ever produce
images which are a gross approximation. It is, however, desirable
to minimize error to the greatest possible degree, both between the
results achieved by different anthropologists and artists involved in
this field, and also in the degree of mismatch between the subject’s
in vivo appearance and the facial reconstruction.

During 1994, it became apparent that these issues were not
generally being dealt with by the forensic and anthropological
community. A survey of those with interests in facial reconstruction
(see Appendix) yielded a consensus that current methods of facial
reconstruction are useful, but only partly reliable, and would not
be sufficiently accurate to serve as evidence in a court of law.
Facial reconstruction certainly cannot provide positive proof of
identification. Virtually all respondents believed that insufficient
research has been conducted in this field. It was decided to establish
a programme of research to investigate whether any more reliable
data could be collected and applied to a highly repeatable and
testable (computerized) method for 3D reconstructions of physiog-
nomies from unidentified skulls.

Current Considerations

Much of the difficulty with the 3D sculptural technique lies in
the database of tissue depths used for the reconstruction. Advances
in electronic capture of digital data from three-dimensional living
images using computed tomography (CT) or magnetic resonance
imaging (MRI) scanning methods mean that it is now possible to
detect precisely the margins of bone and soft tissues of various
kinds, and to make accurate measurements of tissue depths. The
quality and quantity of tissue depth data which can be used in
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FIG. 2—Diagrammatic representation of the color laser scanner, rotat-
ing platform and PC server.

forensic facial reconstructions can be improved significantly. Com-
puterized images can be measured accurately by computer software
avoiding parallax problems. The existing database of stored
scanned images is already very large and most CT scans are of
the head region. Large samples of accurate tissue depth measure-
ments and the associated attributes of age, sex, build, and popula-
tion group can be obtained. Laser scanning systems developed
for the engineering industry can be used to capture color three-
dimensional images of inanimate and living objects, such as repre-
sentations of skulls or facial features. Thus the substrate of facial
reconstruction, the skull, and all of the requisite data for reconstruc-
tion, including tissue depth measurements and representations of
facial features not predictable from the underlying bone, can be
incorporated electronically into a single digital system.

The design of a computerized facial reconstruction system is
inevitably constrained by the limitations of the available hardware
and software. The Cyberware 3090CN color laser scanner (Fig.
2) and ‘Echo’ software used in our project generates a representa-
tion of the scanned object as a matrix made up of a number of
latitudes and longitudes, we have provisionally selected a matrix
of resolution 256 latitudes by 256 longitudes. As the object rotates
on the platform the longitude changes and the ‘radius’ (the distance
from the center of the platform to the surface of the object nearest
to the scanner) is measured for each latitude (Fig. 3). Thus a

ro°)

r(0°) = 20 cm.

r(0°) = 20 cm.
r(40°} = 15 cm.
etc.

‘wireframe’ of 256 X 256 radii is constructed (Fig. 4). It is this
wireframe matrix of the skull which must be transformed, using
tissue depth measurements, to generate the foundation of the facial
reconstruction. Digitized images of facial features not predicted
by the skull contours must then be added by separate means to
generate a wireframe face (Fig. 5), onto which color and texture
can subsequently be rendered.

As the wireframe skull matrix forms the database on which the
reconstruction algorithm must act, the measurements taken from
CT scans must be directly related and applicable to features detect-
able on the scanned image of the skull. Fortunately, conventional
clinical CT protocols generate a scan of the head parallel to the
Frankfurt Horizontal, generating ‘slices’ which can be associated
with the ‘latitudes’ of a laser-scanned image of a skull, if it is
taken in the same plane. A rigorous method is required for the
definition and recording of tissue depth measurements taken from
CT scan ‘slices” and their association with and application to
features recognizable on the laser-scanned ‘latitudes’ of the skull.
A pilot study by Nelson (44), based on hard copies taken from
CT scans of the head or neck of 10 individuals, established that
traditional (see Fig. 1) and novel landmark sites relating to bone
topography could be accurately identified and tissue depths repro-
ducibly measured for most ‘slices’, but that in some this was
precluded by a lack of clearly distinguishable skeletal features. A
preliminary estimate of the errors inherent in using the CT scanner
as a measuring device was established, derived from both the
technological limitations of the scanning equipment and from the
method of obtaining the measurements themselves. Several recent
articles have attempted to utilize data obtained from plastic surgery
and orthodontic treatment (5,37,40), but as Macho (48) herself
illustrates (p. 910): “knowledge of soft tissue thicknesses is not
sufficient if one aims at accurate facial reconstruction.” Is¢an &
Charney (50) compared two and three dimensional reconstructions
performed on a skull of known identity using standard tissue depth
data. They observed that there was little difference between the
reconstructions, but that there was a strong divergence between
the facial features. It is going to be hard to eliminate this type of
variation based on the present level of knowledge concerning soft/
hard tissue relationships.

Aside from the difficulties in predicting facial features for a

1(40°)

r{40°) =15¢cm,

FIG. 3—Diagram illustrating the capture of 3D data by the color laser scanner. As the object rotates on the platform the longitude changes and the
radius (r) is measured for each of 256 latitudes (measurements ar (° and 40° are illustrated).
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FIG. 4—A wireframe matrix of a skull shown at 64 X 64 resolution
(cropped).

given individual of known age, sex, race, and body build, there
is also the difficult obstacle of trying to accurately estimate those
characters which constitute normal variation within the human
species. Most published 3D reconstruction studies indicate that
the authors are aware of the variance caused by age and sex (41,
43,45), but it is hard to formulate algorithms to compensate for
this variation. Skeletal evidence can provide some information
about age and sex (in adults), but indicators of population affinity
are of less reliability. Even less reliable are predictions of the body
build of an individual. These types of variation have the potential to
seriously affect recognition of an individual if they are inaccurately
estimated, which at present they inevitably will be.

Computer generated reconstructions offer the benefit of being
quick to generate and amenable to rapid editing. A series of images
accounting for various ‘unknowns’ can be created and presented
in a variety of orientations, to maximize the probability of identifi-
cation. Storage of such images is easily accomplished and, as an
additional bonus, the features are applied directly to an image of
the cranial features rather than to a cast. Computer methods are
highly repeatable and can be re-run quickly. Reconstructions based
on the same skull, using the same hardware and software, should
produce identical results even when carried out by separate prac-
titioners. Similarly, fragmented skulls can be reproducibly recon-
structed in the computer from the separately scanned parts (Fig.
6). These features do not exist in plastic reconstructions and such
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FIG. 5—A wireframe matrix of a face shown at 64 X 64 resolution
(cropped).

reproducibility is clearly a prerequisite if facial reconstructions
are to serve as evidence in court.

The remaining requirements are the processes (computer pro-
grams or algorithms) necessary to generate facial reconstructions
from the data and for representing them in useful ways. Finite
element manipulation and other engineering-orientated software
fulfills most of the basic requirements for computerized facial
reconstruction in that scanned skull images can be transformed
into facial reconstructions using captured tissue depth data. The
attachment of scanned digital representations of facial features,
and the appropriate rendering of texture and color can also be
achieved. Their use necessitates the provision of interfaces between
the scanning software, reconstruction process, and display facility.
The provision of personnel specially trained in the use of the
scanning software, interfaces, and engineering packages is unlikely
to be a viable option for most forensic agencies. The provision of
a single coherent medium for scanning, facial reconstruction, and
display is therefore a primary requirement for the computerized
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FIG. 6—Computerized reconstruction of a skull from the separately
scanned fragments.

facial reconstruction system. This requirement is best met by three-
dimensional graphics and animation software developed for the
media industry, and for civil and military simulations.

‘Open Inventor’™ (51) developed by Silicon Graphics provides
an appropriate software development environment. Although
developed primarily for UNIX systems, cross-platform implemen-
tations are or will shortly be available. ‘Open Inventor’ (see Fig.
7) is a graphics and animation application based on the C++
programming language. There are pre-existing C+ + modules for
conversion of output from Cyberware color laser scanners into the

User Interface

[ Lighting Node

LAnimation Node

(Windows)
Open Inventor
LShape Node | Interchange f/::;[L
: K )
l Manipulator Node | - Protocol AutoCAD
I Texture Node ] Etc.

Operating System
(UNIX, MS-Windows, etc.)

FIG. 7—Relationship of the Silicon Graphics Open Inventor™ graphics
programming environment to graphics and operating system software.

Jdv file format used by ‘Open Inventor’. Transformation of the
skull image with tissue depth measurement can also be achieved
using C+ + subroutines. A coherent windows-based user interface
can be developed by virtue of the calls to Windows-XT ™ incorpo-
rated in ‘Open Inventor’. This allows the user to use windows to
select refinements of the reconstruction based on subsets of tissue
depth data defined by parameters such as age, sex, build, or ethnic
origin. Similarly, libraries of facial features can be examined and
selected for application to the image undergoing reconstruction.
‘Open Inventor’ incorporates facilities for the rendering of color
and texture, for the manipulation of the image in three dimensions,
and for the movement and adjustment of light sources. The use
of animation facilities allows the display of a moving image. Thus
a display of the completed reconstruction could, for example,
incorporate an image of the anterior third of the face moving
through three-dimensions in a variety of lighting conditions, with
the image itself cycling through a range of versions of the recon-
struction based on the known range of tissue depth measurements
or other parameters, from which each reconstruction itself is inevi-
tably a supposition. Output can be achieved via display to the
VDU monitor, by printing a two-dimensional color image hard
copy or by downloading to videotape. Alternatively, as the ‘Open
Inventor’ .iv file format forms the basis of the VRML standard
for display of three-dimensional images on the World Wide Web
(WWW), the reconstruction could be made available on the Internet
to any agency with an appropriate password and suitable view-
ing software.

Future Developments

We have begun development of a computerized 3D facial recon-
struction system using Open Inventor/C++ as described above.
The use of computer technology is reliant on good data, however.
“GIGO (garbage in, garbage out)” is a well worn phrase in the
computer industry! This is a major inadequacy of previous imple-
mentations of computerized 3D reconstruction. With the capacity
to incorporate a large body of data, we are continuing research
into the collection of new facial tissue depth measurements from
CT scans. Although computer systems exist which will permit
contour or volume (3D) measurement of tissue depths, we do
not regard them as being cost effective for facial reconstruction
applications at present. Suggestions have been made about utilizing
computer technology to develop a means of predicting the appear-
ance of a face after ageing, or of making comparisons with digitized
image databases of missing persons. This would have a use in the
identification of missing individuals after many years have passed,
but it seems a case of ‘running before walking’ given the present
state of knowledge.

Another related area which requires maximum attention for
forensic applications is research into what are the most important
factors in the recognition of human faces. It is only once this has
been established that 3D reconstructions optimized for recognition
can be developed. Finally, more rigorous testing must be applied
to completed reconstructions to determine the degree to which any
reconstructions bear resemblance to the in vivo appearance of the
individuals in question (52,53). Collections of skulls accompanied
by photographic images of the individuals in vivo provide an ideal
substrate for a controlled study of the accuracy of computerized
3D facial reconstruction.

Color laser scanning equipment is currently cumbersome and
requires specially prepared dedicated space. A portable color
laser scanner will be available during 1996, however. This raises
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the possibility that computerized 3D forensic facial reconstruc-
tion could be used to quickly conduct sensitive human rights
work in the field, where large amounts of data may be required
to be handled at once, which would limit the efficiency of man-
ual techniques.

After Aulsebrook et al.’s (53) survey of forensic facial:recon-
struction techniques, it was felt by the current authors that our
technique using Open Inventor/C++ and CT scan data should be
added to the corpus of work on the subject. Although the technique
is being developed using C++, a programing language which is
fairly inaccessible to the non-specialist, it is hoped that the com-
pleted package will be available as a Windows type application.
This will enable our package to be used by anyone with access
to a PC and suitable software and scanning facilities.

Conclusions

Our review and survey, and our research into computerized
methods of data collection and reconstruction, lead us to conclude:
1. Current methods of facial reconstruction are useful, but only
partly reliable, and would not be sufficiently accurate to serve as
evidence of positive identification in a court of law. 2. Further
research is necessary in order to obtain accurate and comprehensive
tissue-depth measurements using CT/MR scanning equipment. 3.
Graphical computer systems offer a rapid and flexible means of
generating sophisticated 3D facial reconstructions. 4. Although
there is substantial scope for improving the scientific basis, speed
and flexibility of reconstructions, the method remains questionable
for use in court in the immediate future.

Acknowledgments

We thank Phil Robinson of St. James’ Hospital, Leeds, for access
to CT scanning equipment, Linda Nelson for allowing us to refer
to her unpublished M.Sc. dissertation and all those who kindly
responded to our survey. We would also like to express our gratitude
to Beth Rega for her tireless efforts in the initial stages of this
research and the Missouri Archaeological Society for their kind
permission to use Fig. 1. This research project is funded by the
UK Home Office.

References

1. George RM. The lateral craniographic method of facial reconstruc-
tion. J Forensic Sci 1987;32:1305-30.

2. Rhine JS. Facial reconstruction in court. In: Rathbun TA, Buikstra
JE, editors. Forensic Anthropology. Springfield: Thomas 1984;
356-62.

3. Krogman WM, Iscan MY. The Human skeleton in forensic medi-
cine. Springfield: Thomas 1986.

4. Stewart TD. Reconstruction of facial soft parts. In: Stewart TD,
editor. Essentials of forensic anthropology. Springfield: Thomas
1979:255-74.

5. Rathbun TA. Personal identification: Facial reconstructions. In:
Rathbun TA, Buikstra JE, editors. Forensic anthropology. Spring-
field: Thomas 1984:347-56.

6. Ubelaker DH, O’Donnell G. Computer assisted facial reconstruc-
tion. J Forensic Sci 1992;37:155-62.

7. Snow CC, Gatliff B, McWilliams KR. Reconstruction of facial
features from the skull; an evaluation of its usefulness in forensic
anthropology. Am J Phys Anthropol 1970;33:221-8.

8. Neave RAH. The reconstruction of the heads and faces of three
ancient Egyptian mummies. In: David RA, editor. Manchester
Museum Mummy Project. Manchester: Manchester University
Press 1979;149-57.

9. Neave RAH. The Skull from tomb II at Vergina: King Philip II of
Macedon. J Hellenic Studies 1984:104:60-78.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

Neave RAH. Reconstruction of the skull and the soft tissues of
the head and face of Lindow Man. Canadian Soc Forensic Sci
J 1989;22:43-53.

Tattersall I. Evolution comes to life. Scientific American 1992
Aug:80-7.

Gerasimov MM. The Face finder. London: Hutchinson & Co 1968.
Maples WR, Gatliff BP, Ludeiia H, Benfer R, Goza JD. The death
and mortal remains of Fransisco Pizarro. J Forensic Sci
1989;34:1021-36.

Stewart TD. The points of attachment of the palpebral ligaments:
Their use in facial reconstructions on the skull. J Forensic Sci
1983;28:858-63.

Nickerson BA, Fitzhorn PA, Koch SK, Charney M. A methodology
for near optimal computational superimposition of two dimensional
digital facial photographs and three dimensional cranial surface
meshes. J Forensic Sci 1991;36:480-500.

Chandra Sekharan P. Positioning the skull for superimposition. In:
Iscan MY, Helmer RP, editor. Forensic analysis of the skull. New
York: Wiley Liss 1993;105-18.

Yuwen L, Dongsheng C. Technical advances in skull-to-photo
superimposition. In: Iscan MY, Helmer RP, editors. Forensic analy-
sis of the skull. New York: Wiley Liss 1993;119-30.

Delfino VP, Vacca E, Potente F, Lettini T, Colonna M. Shape
analytical morphometry in computer-aided skull identification via
video superimposition. In: Iscan MY, Helmer RP, editors. Forensic
analysis of the skull. New York: Wiley Liss 1993;131-60.

Seta S, Yoshino M. A combined apparatus for photographic and
video superimposition. In: Iscan MY, Helmer RP, editors. Forensic
analysis of the skull. New York: Wiley Liss 1993;161-70.
Dongsheng C, Yuwen L. Standards for skull-to-photo superimposi-
tion In: Iscan MY, Helmer RP, editors. Forensic analysis of the
skull. New York: Wiley Liss 1993;171-82.

Glaister J, Brash JC. The skulls and the portraits. In: Glaister J,
Brash JC, editors. Medico legal aspects of the Buck-Ruxton case.
Edinburgh: Livingstone 1937;144-259.

Roy A. Making the face fit. Sunday Times Magazine (London)
1990 May 27;22-8.

Lebedinskaya GV, Balueva TS, Veselovskaya EV. Principles of
facial reconstruction. In: Iscan MY, Helmer RP, editors. Forensic
analysis of the skull. New York: Wiley Liss 1993;183-98.
Fedosyutkin BA, Nainys JV. The relationship of skull morphology
to facial features. In: Isgan MY, Helmer RP, editors. Forensic analy-
sis of the skull. New York: Wiley Liss 1993;199-214.

Shahrom AW, Vanezis P, Chapman RC, Gonzales A, Blenkinsop
C, Rossi MI. Techniques in facial identification: Computer-aided
facial reconstruction using a laser scanner and video superimposi-
tion. Int J Legal Med 1996;108(4):194-200.

Miyasaka S, Yoshino M, Imaizumi K, Seta S. The computer-aided
facial reconstruction system. Forensic Sci Int 1995;74(1-2):155-65.
Vanezis P, Blowes RW, Linney AD, Tan AC, Richards R, Neave
R. Application of 3-D computer graphics for facial reconstruction
and comparison with sculpting techniques. Forensic Sci Int
1989;42:69-84.

Welcker H. Schiller’s Schidel und todenmaske, nebst mittheilungen
iiber Schidel und todenmaske Kants. Braunschweig 1883.

His W. Anatomische Forschungen ueber Johann Sebastian Bach’s
Gebeine und Antlitz’ nebst Bemerkungen ueber dessen Bilder. Abh
Saechs Ges Wiss Leipz 1895;22:379-420.

Kollmann J. Die Weichteile des Gesichts und die Persistenz der
Rassen. Anat Anz 1898;15:165-77.

Suk V. Fallacies of anthropological identifications and reconstruc-
tions: A critique based on anatomical dissections. Publications of
the Faculty of Science, University of Masaryk 1935;22:337-72.
Todd TW, Lindala A. Thickuesses of subcutaneous tissues in the
living and the dead. Am J Anatomy 1928:41.

Welcker H. Das Profil des menschlichen Scidels mit Rontgenstrah-
len am Lebenden dargestellt. Dtsch Gestung Anthropologisch
1896;27:38-9.

Pearson K. The skull and portraits of Henry Stewart, Lord Darnley,
and their bearing on the tragedy of Mary, Queen of Scots. Biome-
trika 1928;20(B):1-104.

Pearson K, Morant GM. The Wilkinson head of Oliver Cromwell
and its relationship to busts. Biometrika 1934;26:269-378.

Puech PF. Portrait of the temple child, a missing link in the case
of Louis-XVIL Int J Legal Med 1995;107(4):209-12.



660 JOURNAL OF FORENSIC SCIENCES

37. Krogman WM. The reconstruction of the living head from the skull.
F.B.I. Law Enforcement Bul 1946;15:1-8.

38. Caldwell PG. New questions (and some answers) on the facial
reconstruction techniques. In: Reichs KI, editor. Forensic osteology.
Springfield: Thomas 1986;229-54.

39. Stewart TD. Evaluation of evidence from the skeleton. In: Gradwohl
RBH, editor. Legal Medicine. St. Louis: Mosby 1954;407-50.

40. Farrar E From skull to visage: A forensics technique for facial
restoration. The Police Chief 1977 Apr;78-80.

41. Rhine JS, Campbell HR. Thickness of facial tissues in American
blacks. J Forensic Sci 1980;25:847-58.

42. Suzuki K. On the thickness of the soft parts of the Japanese face.
T Anthropol Soc Nippon 1948;60:7-11.

43. Hodson G, Lieberman LS, Wright P. In vivo measurements of facial
thicknesses in American Caucasoid children. J Forensic Sci
1985;30:1100-12.

44. Nelson LA. The potential use of computed tomography scans for
the collection of cranial soft tissue depth data (M.Sc. dissertation,
unpublished). Sheffield, University of Sheffield 1995.

45. Dumont ER. Mid-facial tissue depths of white children: An aid to
facial feature reconstruction. J Forensic Sci 1986;31:1463-69.

46. Susanne C. Individual age changes of the morphological character-
istics. J Hum Evol 1977;6:181-9.

47. Macho G. An appraisal of plastic reconstruction of the external
nose. J Forensic Sci 1986;31:1391-1403.

48. Macho G. Descriptive morphological features of the nose—an
assessment of their importance for plastic reconstruction. J Forensic
Sci 1989;34:902-11.

49. Von Eggeling H. Die Leistungsfahigkeit physiognomischer Rekons-
truktionsversuche auf Grundlage des Schidels. Archaeol Anthro-
pol 1913;12:44-7.

50. Isgan MY, Charney M. Two dimensional vs. three dimensional
facial reconstruction. Paper presented at the Thirty Third Annual
Meeting of the American Academy of Forensic Sciences. Florida:
Orlando 1981.

51. Wernecke J. The Inventor mentor: programming object-oriented
3D graphics with open inventor, release 2. New York: Addison
Wesley 1994.

52. Helmer RP, Rohricht S, Petersen D, Mshr F. Assessment of the
reliability of facial reconstruction. In: Iscan MY, Helmer RP, editors.
Forensic analysis of the skull. New York: Wiley Liss 1993;229-46.

53. Aulsebrook WA, Iscan MY, Slabbert JH, Becker P. Superimposition
and reconstruction in forensic facial identification—a survey.
Forensic Sci Int 1995;75(2-3):101-20.

54. Bass WM. Human osteology: A laboratory and field manual. Mis-
souri Archaeological Society Special Publication No. 2 1987.

Additional information and reprint requests:
Prof. M. A. Green

Department of Forensic Pathology
University of Sheffield

The Medico-Legal Centre

Watery Street, Sheffield, S3 7ES

United Kingdom.

Appendix

Returns from the Facial Reconstruction Questionnaire

The analysis below is based on 15 completed questionnaires
which were returned within one month of the original mailing to
40 facial reconstruction experts, and other physical or forensic
anthropologists. The consensus of opinion among this selective
sample of expert and informed scientists is that current methods
of facial reconstruction are useful but only partly reliable, and
would not be sufficiently accurate to serve as evidence in a court
of law. Virtually all respondents believe that insufficient research
has been conducted in this field.

1. Is facial reconstruction a reliable method for reproducing a
deceased individual’s in vivo physiognomy?

Very reliable 0
Reliable 8
Unreliable 7
Wholly unreliable 0

Comments—There are too many soft tissue variables other than
facial thickness. . ... Much depends on the skill and knowledge
of the person doing the reconstruction. . . . . Skulls and faces with
‘unusual’ or atypical features are generally more reliable. .. ..
There are too many unknown variables that cannot be taken into
account. . . .. Reconstruction cannot allow for fatty tissue, facial
hair, wrinkles, hairline, ear size, and shape, lip shape. . . .. Recon-
structions would be more reliable if they were based on recon-
structing muscles rather than standard tissue depths.. ... No
double blind tests of accuracy have been carried out on skulls
where certain identity is known. . . .. More examples are needed
to judge the overall reliability of the method. . . .. Problem areas
are the nose, lips, chin, and ears, but factors like muscle tonus
etc. cannot be assessed either. . . .. great variability is even found
between the bony chin and the soft tissue of the chin.

2. How useful is facial reconstruction as an aid to finding miss-

ing persons?

Very useful 2
Useful 10
Not very useful 3
Of no use 0

Comments—Reconstruction renews interest in a case, but it is
often the other details rather than the visual appearance that stimu-
lates recognition. . . .. The method is as useful as that of ‘pho-
tofit’. . ... Replicas are useful for attracting the attention of people
who might have known the deceased. . . . . It may trigger a memory
of someone of similar age and sex, and thereby provide a name
or names. . . ..

3. Would a facial reconstruction be accurate enough for:

Yes No
a) evidence in court 4 11
b) finding missing persons 12 3
c) historical reconstructions 12 3
d) museums and exhibits 15 0

4. Has sufficient research been undertaken in techniques of
facial reconstruction in order to validate the method?

Totally sufficient 0
Sufficient 1
Insufficient 12
Wholly insufficient 2

Comments—Large samples from as many populations as possi-
ble are required. . . . . In addition to tissue thickness we need better
guides for cheek areas and eye variation. . . .. There is a lot of
research currently being carried out in Russia, North America
and Scotland. . . .. Most practicing anatomists and anthropologists
have little idea how to do facial reconstruction. . . . . Not enough
blind tests have been conducted on skulls where the deceased
person’s appearance is known. . ... The demand for the method
has outstripped the scientific reliability of the techniques. . . . . I
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think that data are minimal in relation to skin and tissue thicknesses
in males vs. females and in young vs. old. . . .. Empirical studies
are still few and far between.
5. Are physical anthropological methods for estimating age,
sex, stature, and race sufficiently accurate to be applied to
a single skull from an isolated context?

Highly accurate 1
Accurate 8
Inaccurate 5

1

Wholly inaccurate

Comments—I believe that the majority of physical anthropolo-
gists can be relatively accurate with a complete skull. . . .. If the
. assignation of biological identity by an osteologist is inaccurate
it can be very dangerous. . . . I am doubtful about the assignment
of racial identity. . ... Sex can be accurately determined but I
am not convinced about stature and race. . . .. Although physical
anthropological methods only provide approximate estimates,
DNA fingerprinting also has a margin of error. . . .. Age and sex
are easier to determine than stature and race. . . . . Whether or not

the practitioner of facial reconstruction should be told the supposed
ethnic origin is questionable. . . . . We only reconstruct skulls for
which there is an associated skeleton. . . ..
6. How impressed are you with published cases where facial
reconstructions have been successful in replicating deceased
individuals’ faces?

Highly impressed
Impressed
Slightly impressed
Not impressed

W ~J W

General comments on the subject of facial reconstruction—
Facial reconstruction is useful as part of the total analysis. . ...
There is a need for better training of people undertaking reconstruc-
tions. . . . . None of the experts in facial reconstruction have con-
ducted ‘blind’ tests on the Christ Church Spitalfields material
where at least six individuals have associated portraits. . . . . As
faces are known to change with age a reconstruction can only be
compared with the recent appearance of the deceased. . . . . Ibelieve
that it is essentially an artistic rather than a scientific pursuit at
the present time, but it should be further investigated. . . ..



