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Providing facial reconstructions in archaeology, as opposed to working in the forensic sector,
generally means working with skulls that are often incomplete, invariably fragile and when re-
assembled are difficult to cast from. | have developed the following casting and reconstruction
method to address this problem, however it can and has also been used for forensic
reconstructions where the skull is robust and intact.

The reconstruction method has been developed to be used with the casting technique and
contains elements of the British (Manchester) and American methods. | have researched and
developed the reconstruction technique over some years and continue to do so, running short
courses for Leicester University and Cambridge University in which each participant on the
course has an identical skull cast and data set to work from.

The students have all been beginners to this subject and this means that any deviations in the
reconstructions that are due to inexperience or artistic interpretation are at their maximum.
Frequently observed problems have been reduced by modification and standardisation of the
build process and also metrical data refinement. Development of the system means each student
is able to produce a facial reconstruction that is a reasonable approximation of the subject.

On the courses we have used skulls with photographic evidence of the subjects’ image in life
(revealed at the end of the course) and as part of the research have also tested the recognisability
of the subject using varied skin depth data, i.e. emaciated, normal, obese - this has been

invaluable in refining the system.

| must stress however that any facial reconstruction system can only produce accurate results if
the practitioner has a thorough understanding of facial anthropology/anatomy and associated
aging morphology, coupled with a degree of artistic ability. | do not intend to go too deeply into
facial anatomy and the why’s and wherefores in this paper — this is intended to be a practical
guide to this casting and reconstruction system and will cover all technical aspects of the
method. | do intend to publish a more complete guide including facial anatomy soon.



| have used different casting methods in the past - the usual method of producing moulds in
dental alginate is suitable when the skulls are intact and robust. | have also had some success
using a burnished aluminium foil coating to protect more delicate skulls when using this method
but this is time consuming and is liable to fall apart or distort during casting. | have also
experimented with latex moulding solution. Again distortion is a problem during casting and
also there is a danger of the latex sticking to the bone making it invasive and damaging
especially to delicate archaeological skulls.

During my long term involvement with the reconstruction of ancient pottery | developed a
method of cloning pottery forms using epoxy putty, whereby a thin sheet of this material is laid
on the inside of the remaining pot and left to cure, this can then be used to fill in the missing
sections. | now use the same technique to copy skull forms, but with the epoxy mask laid over
the outer surface of the skull. The thin mask layer does of course alter the proportions of the
skull slightly but the method of fitting the skin depth indicators ensures any proportionality
differential is corrected later during the fleshing out process.

Casting the skull

The epoxy putty for the cast is rolled out to a 2mm thickness, this provides enough rigidity for
the final cast and not too much depth to alter the proportions of the skull significantly. To roll
the epoxy, use two lengths of wood 2mm thick as guides and a roller. Dust the rolling surface
and the roller with talcum powder to prevent it sticking to the roller and the rolling surface, this
also helps prevent the material adhering to the bone when the material is applied to the skull.
The skull must also be protected with a liberal dusting of talcum powder before the mask is
applied to aid release when the epoxy has set.

Cover the skull with 2mm rolled out epoxy putty in a patchwork of pieces pushing the material
onto the skull surface and around the contours, butt joint the pieces together so there is no ridge.



The edges of each rolled out piece of sheet should be trimmed with a knife to provide a powder
free edge for better bonding. Whilst the material is soft the mask is sliced into sections with a
knife to allow easy removal from the skull, see below. Care must be taken not to damage the
skull surface when cutting the sections, the material cuts easily so minimal force is required and
the knife doesn’t need to be too sharp, a plastic knife is ideal. Note that if the skull is robust less
section cuts are needed.

Recommended segments for easy removal of epoxy mask. Reassemble using epoxy adhesive.

The positions of the auditory meatus should be marked during casting whilst the material is soft.
This is required for location of the ears. The best way to do this is to push a pencil into the ear
hole, piercing the mask.

Once the cranium and mandible have been covered, sections cut and the epoxy putty is set
(overnight), the sections are removed from the skull and joined together with a two-part epoxy
glue held in position with masking tape until the glue is set. The front and back mask sections

are joined together after fitting tissue depth pegs, we will cover this later.



Reconstructed epoxy skull cast and original skull. Note that the mask has covered the damaged areas of
the skull.

One of the main advantages of this method of casting is that small missing areas of the skull are
covered by the mask, removing the need to make intrusive and time consuming repairs to the
original skull. Areas of the cast skull that do need further work after casting are the eye sockets
- they have to be cut out ready for the insertion of eyeballs if you intend to use pre-made types,
or, if you know you are going to use manufactured eyeballs cut holes in the back of the eye

sockets whilst the epoxy sheet is still soft.

The teeth are the other area that needs to be worked on if they are to be shown; obviously we
cannot use the cast teeth as they are 2mm larger than they should be due to cast material overlay
and would cause a distortion of the lips if the finished reconstruction is to be slightly open-
mouthed. To rectify this, a piece of white epoxy putty is pressed against the inside of the skull
cast along the dental area. A smear of Vaseline on the inside surface of the teeth before
application is advisable. Once cured the teeth on the cast skull can be removed revealing the
original dental surfaces as marked by the different colour epoxy sheet on the inside of the skull
cast. The coat of Vaseline on the dental surfaces makes dividing the two layers easy when
removing the outer cast teeth. | use Milliput brand 2 part epoxy putty — standard grade for the
skull cast and Milliput superfine white for the teeth (if required). You can also use superfine
white to manufacture eyeballs — | will cover this later.

The cast skull can now be fitted with tissue depth markers from an appropriate data set.



Fitting the depth markers is different from the usual method of drilling or glueing and fitting the
pegs. Using this method the pegs are pre-cut to the required length then pushed into pre-drilled
holes until they appear flush on the inside of the skull and glued in place with epoxy adhesive.
This puts the point of measurement at the surface of the original skull, giving an exact
measurement and also compensating for the 2mm over sizing of the copy. This is done before
joining the front and back of the skull together for easy access. When the adhesive holding the

pegs is set, the front and back of the skull are glued together.

Out side epoxy mask showing skin depth Inside epoxy mask showing skin depth pegs flush

pegs pushed through pre-drilled holes. with inside surface — the exact point of measurement.

Making a stand and mounting the skull.

An easy way of making a stand is by cutting a length of thick round wood measuring around
250mm. The shatft is placed inside the skull and fixed to the top of the cranium with a socket
made from epoxy putty. Make sure before fixing that the skull is in the Frankfurt plane (see
picture below), and sitting level. The fixing at the base of the skull can be made by a sheet of
rolled out epoxy (see diagram). The base of the stand is a suitably sized piece of wood held to
the pole by a single screw and wood glue. For professional use an adjustable stand is advised.

A sheet of epoxy putty is placed around The skull should be fixed in the Frankfurt
the wooden skull shaft at the base to hold plane. The auditory meatus aligned horizontally

the skull rigid when on the stand. with the lower orbit.



Reconstruction methods.

There are of course two main methods of three dimensional facial reconstruction currently in
use, the Manchester method developed by Richard Neave and John Pragg and the ‘American’
method developed of course in the USA, one of the most well known forensic artists being
Betty Gatliffe.

Both systems have their merits and their drawbacks, and have had their successes and failures,
in both systems the artist has to use his or her skill and knowledge of cranio-facial anthropology
and aging morphologies in the final stages of the reconstruction and in the accurate production
of eyes, nose, lips and ears. This of course is the Achilles’ heel of facial reconstruction — artistic
subjectivity, the variability is the reason it cannot be used as evidence in a court of law.
Forensic facial reconstruction does not meet the Daubert standard for scientific repeatability.
Computerisation will possibly provide a solution to this problem but we are not there yet,
although this is undoubtedly the future for forensic work and with continued research into

digital facial reconstruction the accurately rendered one button scan and process reconstruction

devoid of differing artistic interpretation could eventually be a reality.

The reconstruction
| have used both the American and British methods of reconstruction but the following
modified version of the American method of fleshing the model to the tips of the pegs, without

modelling minor muscles is more compatible with the epoxy mask technique of casting. The



areas of the nose and lips are added afterwards. This method is far less time consuming,
although requires a slightly greater understanding of cranio-facial anthropology and a slightly
higher degree of artistic skill. | believe that the American system can be more accurate, as the
artist is not misguided by a possibly inaccurate, underlying muscular architecture.

Now you have your skull copy mounted on its stand the next job is to fit the eye balls. You can
get prosthetic glass eyes or you could make your own. Making eyeballs yourself is easy (as long
as you have a steady hand if you intend to paint the iris detail) and gives the added advantage of
being custom made to the size of the skull. The eye balls are made by rolling two pieces of
epoxy putty into balls measuring 25mm across — this is the average eyeball size for most fully
grown humans. If you have a smaller or larger than average skull you can adjust the size
accordingly. Use a calliper to check diameter measurement. Cut the eyeball in half with a sharp
knife whilst the material is still soft, the two halves will be the eye balls and will allow space for
clay to be added behind the eye for fixing and adjustment.

Cut the eyeball in half whilst epoxy putty is still soft.

As eyeballs are not perfectly round but bulge slightly at the cornea we need to add some putty
to replicate this. Roll two small pieces of clay into balls measuring 4mm across (both must be
the same) press them between your fingers to produce a disc measuring 8mm and apply this to
the fronts of the eyeballs. Smooth the edges down on to the eyeball to form the cornea. The
eyeballs can now be placed into the eye sockets to check they will fit. When they are cured any
blemishes are removed with abrasive paper and then, if required paint the iris detail on to the
eyeball. If you don’t intend to add colour to the eyes and the final reconstruction, paint the
eyeballs white and just draw a 12mm circle with a pencil and varnish the eye ball with a gloss
cellulose varnish (this helps you align the eyelids with the eyeballs) and skip the next
paragraph.



| use modellers matt enamel paints for painting the eyeballs. First the eyeball is painted white

with a hint of grey and blue, then a circle is drawn on the eyeball with pencil 12mm across and
the cornea and pupil detail are painted as shown below. After making sure both eyeballs look
the same, a coat of high gloss varnish is applied over the front of the eyeballs.

Eyeballs fitted with plastercine stalks to allow adjustment.

Now the eyeballs are fitted into the eye sockets and fixed into position with plastercine
modelling clay behind to act as a cushion to give adjustment. The eyeball is placed in the centre
of the sockets using the normal measurement method. Protrusion adjustment is made in the
normal way but because of the 2mm over-sizing of the skull copy the eyeball should just touch
the ruler, in older subjects (over 50) a 1mm gap is left. The eyeballs must be level and face the
same way. When this has been achieved, a rolled out piece of modelling clay measuring about
6mm across is fitted around the eyeballs, this will fix them into place and form the frontal

ocular musculature.




Next the temperalis andasseter muscle areas are formed, these areas are filled with clay
leaving 5mm of peg showing. Examination of the muscle attachments will give clues to the

mass of these areas. | should say here that skin depth data sets are average measurements and
should not be slavishly adhered to — they may not accurately represent the individual you are
reconstructing. | adjust the measurements slightly where necessary after careful examination of

the complete skeleton and the skull muscle attachments.

After modelling the temporalis and masseter areas the rest of the facial areas are blocked in
leaving 4mm of peg showing. It is important to add clay between pegs in strips of the same
thickness as in the American system so that the thickness between pegs is maintained, following
the skull contours. There is no point in modelling individual muscles — with the face at rest,
which is what we tend to model, muscles, glands and fat deposits etc. merge together to form a

squishy subcutaneous layer.

Temporalis

Add the under skin tissue leaving 4mm of peg showing to allow for over skinning.

Once the under skin fleshing is complete, the nose is then fitted. Metrical data from the original
skull gives us the length, width and shape of the nose. I fit a ‘rough’ nose of the right
proportions using a piece of clay that fits onto and 5mm below the nasal cavity. The nostrils are
then pulled out from this block of clay by inserting an appropriate shaped modelling tool to

form each nostril to the required measurement which is marked next to the nasal aperture as a

guide.



| list below several rules of thumb that provide a good starting point but it is a knowledge of
facial structure, anthropology and aging morphology that allows the artist to model these areas
to complement the size and shape of the face and produce an accurate result. Rules of thumb
and also tissue depth measurement pegs should not be slavishly adhered to; human faces are
highly individual with deviations being common. Faces fall into various different common

types all have their own symmetry and balance. All of the most important clues to this can be
found in the skull.

Guide to approximate soft tissue proportions.

The approximate nose width is the nasal aperture measurement at the widest point plus around
5mm each nostril for caucasians and around 8mm each nostril for negroids. Nostril height is

assessed by analysis of the shape of the nasal aperture.

Nose projection measurement is the length of the boney nasal spine from the juncture of Vomer
(root), to the tip of the nasal spine (prosinale) multiplied by three and added to the tip of skin
depth peg 5 (midphiltrum). Double check this with a projection from bridge of nhose and out

from the angle of the nasal spine. Where these two points meet is approximately the nose tip.




The bottom of the nostrils are 4-5mm below lowest part of the nasal aperture. The shape of the
nose is assessed by examination of the nasal aperture, the angle of the nasal spine and the angle
and shape of the foramen nasale (bridge).

The lip measurement (upper and lower combined) equate to the measurement of the tooth
enamel (upper and lower teeth together) from junction of enamel and cementum — upper and
lower ECJ. The width of the mouth is assessed by projecting out between canine incisors and

first molars maintaining angle of mandible/fossa canina at this area.

Interpupillary distance less 5mm can be equal to mouth width in Caucasian males and 8mm in

females.

Ear length usually equals the length of the nose (top of bridge to tip) + 7mm, the angle of the

ear follows the line of the jaw.

This is only a very basic guide to average facial proportions more in-depth information can be
found in Caroline Wilkinson’s excellent book — Forensic Facial Reconstruction. Cambridge
Press.

I would recommend drawing the skull and making notes of metrical data, this is especially
important if you are not able to have the skull present during the reconstruction process. Once
the skull cast is covered with clay it is difficult to check measurements.

Now the skin is applied over the face and cranium, 4mm guides are used to roll out the skin and
apply in strips being careful not to cause depressions with your fingertips. Once the skull is
covered, any gaps are made good with off cuts and a roller is used to blend the skin strips
together.

4mm guides and roller to make skin.



Applying the skin. Skinning complete.

After skinning is complete we can apply lips, eyelids, ears, refine features and age the
reconstruction accordingly.

Lips made from two sausages of clay- ensure lips meet at biting point.  2mm tick half moons for eyelids.

Nose refined. Rough ears ready for fitting and refinement.



Completing the face and aging the model.

A forensic type reconstruction. An archaeological reconstruction.

For forensicpurposesthe finished modelwould not be given skin tone, real hair or realistic
eyes.Thehumanbrainbeingsuperblyadaptedor facial recognitioncanbe easilymisdirectedf
the wrong visual clues are present.Obviously in Archaeologythis is not a problem, the
reconstructiongreto give a generalapproximationof whatthe personwould havelookedlike
in life, so hair, eye colour, skin tone etc. are often added(dependingon budget),usuallyin

consultation with the archaeologist or curator commissioning the work.

Sculptors’ clay or plastercine can be used for modelling the reconstruction — | tend to use
plastercine because | like to make refinements after ‘living with’ and considering the finished
face. When | am happy with the result | paint directly on to the plastercine with a few coats of
artists acrylic paint. This forms an acrylic ‘skin’ which can be rollered to remove small surface
undulations. | personally prefer white for forensic subjects and use a variety of flesh tone paints
for archaeological subjects. The final coat is thinned and applied with a sponge to give a lightly
textured skin finish. For forensic reconstructions in a missing person scenario, the finished work
can be photographed and compared to missing persons photographs of similar individuals
(photo-superimposition, as used with skull/photograph alignment comparison), close matches
can be coloured and shaded and toned like the closest matches’ photograph using computer
software or manually with artists materials on a printout. In this way it is possible to narrow

down the likelihood of a specific match. This is the reason | use white plastercine - so that | am



able to use the photographed image as a blank for comparative modification, you can also add

neck and shoulders if required in a computerised 2D version.

Missing Person 3D white blank Facial reconstruction On the computer features are added
and photograph tone replicated for
comparison with original target.

Hope you find this guide useful. Please email me if you require further information. | would
also be interested in any feedback from anyone who has used this system. Please understand
that | have only given very basic reconstruction information here in this practical guide,
professional practitioners can use their own reconstruction methods with this technique of skull

casting.
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