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ARTICLE INFO ABSTRACT

Keywords: There are numerous anatomical and anthropometrical standards that can be utilised for craniofacial analysis and
Craniofacial identification. These standards originate from a wide variety of sources, such as orthodontic, maxillofacial,
Sta'fdards . o surgical, anatomical, anthropological and forensic literature, and numerous media have been employed to collect
E2::‘15ir:cOnstmmon/approxmatmn data from living and deceased subjects. With the development of clinical imaging and the enhanced technology

associated with this field, multiple methods of data collection have become accessible, including Computed
Tomography, Cone-Beam Computed Tomography, Magnetic Resonance Imaging, Radiographs, Three-
dimensional Scanning, Photogrammetry and Ultrasound, alongside the more traditional in vivo methods, such
as palpation and direct measurement, and cadaveric human dissection. Practitioners often struggle to identify the
most appropriate standards and research results are frequently inconsistent adding to the confusion. This paper
aims to clarify how practitioners can choose optimal standards, which standards are the most reliable and when
to apply these standards for craniofacial identification. This paper describes the advantages and disadvantages of
each mode of data collection and collates published research to review standards across different populations for
each facial feature. This paper does not aim to be a practical instruction paper; since this field encompasses a
wide range of 2D and 3D approaches (e.g., clay sculpture, sketch, automated, computer-modelling), the

implementation of these standards is left to the individual practitioner.

1. Introduction

The field of craniofacial identification is a long standing and
controversial field, attracting practitioners from a variety of back-
grounds including anatomy, anthropology, dentistry, forensic art,
archaeology and forensic science. The range of expertise has led to
different approaches and has created confusion as to the optimal
methods for implementation in forensic and archaeological cases [1,2].
This field includes facial depiction from skeletal assessment (commonly
known as reconstruction, approximation or reproduction), craniofacial
superimposition, post-mortem imagery, facial image comparison and
age progression/regression, and practitioners may utilise clinical im-
aging, anthropometry, anatomical and morphological standards, auto-
mated systems, machine learning and digital technology.

Understanding how the facial features relate to skeletal structure
requires visualisation and/or measurement of the soft and hard tissues of
the face. Some anatomists and anthropologists, such as Charles Bell [3],
Duchenne de Bologna [4] and Charles Darwin [5], focused on under-
standing the relationships between the face, facial expression,

craniofacial anatomy and the skull and early research included cranio-
metrics, cadaveric dissection, anthropometry, electrostimulation and
palpation. The 1895 invention and access to radiographs created the
opportunity to further study the faces/skulls of living individuals, and
many anthropometrical and anthropological studies utilised x-rays to
establish tissue depth data, anatomical standards and facial growth.
More recently the increased use of digital technology and clinical im-
aging has further advanced this field providing tissue depth datasets and
enabling more detailed analysis of the internal hard and soft tissues of
the face through Computed Tomography (CT), Magnetic Resonance
Imaging (MRI), ultrasound and most recently Cone-Beam Computed
Tomography (CBCT). Surface scanners have also revolutionised this
field and enabled data collection from the faces of living subjects in
three-dimensions and four-dimensions (with motion/time).

However, there are advantages and disadvantages associated with
each of these data collection modes and inherent problems relating to
cadavers and living faces [6,7]. In addition, the use of anatomical/an-
thropometrical points has not been consistent across modes of collec-
tion, and this may in part be due to limitations related to the mode of
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collection. These limitations will be discussed for each collection mode
in the following section. All these factors should be considered when
choosing the appropriate anatomical standards/data. Fundamentally
any standards will be more reliable if the sample size is large, if there is
agreement across multiple studies, if the standards have been confirmed
on a variety of populations and if different modes of data collection have
produced similar results. Practitioners often struggle to identify the most
appropriate standards and researchers often disagree on the reliability
and reproducibility of standards, adding to the confusion. In addition,
some standards are difficult to implement practically, especially where
the standard is poorly defined, requires radiographic analysis or
training. It is also worth noting that some practitioners have been slow
to adopt new standards, even when old standards have been discredited,
and both manual and computer-based practitioners do not always utilise
all craniofacial standards due to limitations with the individual
techniques/systems.

This paper does not aim to be a practical instruction paper, but rather
aims to clarify how practitioners can choose optimal standards, which
standards demonstrate reliability and when these standards are appro-
priate in craniofacial identification. Since this field encompasses a wide
range of 2D and 3D approaches (e.g., clay sculpture, sketch, automated,
computer-modelling), the practical implementation of these standards is
left to the individual practitioner.

This review paper describes the advantages and disadvantages of
each mode of data collection and collates published research to review
standards across different populations for each facial feature.

2. Modes of data collection
2.1. Cadaveric dissection

Human dissection is a well-established technique for the study of
anatomy and its importance in education cannot be overstated. Human
dissection demonstrates variation, asymmetry, anatomical detail and
the significance of form and function, whilst exposing the researcher to
active learning, tactile and visual data, practical skills, ethical issues and
experience of death [8]. It is recognised as the most effective way [9,10]
to study the human body and can clarify the relationship between the
soft and hard tissues of the face at different regions. However, a
cadaveric face is quite different from a living face and many changes
occur post-mortem that can affect structure, morphology and appear-
ance [11]. Post-mortem changes to facial appearance are well described
in the literature [12,13].

It is usual for cadavers to be processed through a method of preser-
vation, such as embalming, prior to dissection, and although embalming
will stop decomposition it does cause some further problems in relation
to facial appearance. Embalming is utilised to preserve tissue from
decomposition by coagulating the protein which dehydrates and
hardens the tissue and prevents bacterial growth. Current embalming
techniques make use of motorised injection such as using a pressure
pump to force the embalming fluid into the cadaver. Usually, the right
carotid and femoral arteries are chosen as the sites for arterial
embalming with the jugular or femoral veins as the sites where the blood
is drained. Fluid diffusion leads to bloating, especially at the head, and
the eyes, nose, lips, ears and cheeks will become swollen. Later in the
process fluid will be released and the soft tissues will return to their
original size. However, the shape of the features may be permanently
affected by this temporary bloating [14]. The increase and decrease in
facial tissue size is well documented [15,16] and studies suggest that
embalmed cadaveric facial morphology may not be reliable [17].

In addition, the soft tissues of the face are significantly affected by
gravity in combination with body position and the supine face appears
different to the upright face, with sagging at the cheeks, jawline, eyes,
mouth and neck [18]. Most studies on cadaveric material are carried out
with the body in a supine position. Finally, human dissection studies are
more likely to include elderly subjects, who may exhibit significant skin,
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dental and facial feature changes associated with ageing, and often do
not include populations from parts of the world with religions/cultures
where body donation is not commonplace.

Therefore, anatomical standards created from cadaver research may
not be wholly representative of a living population or universally
applicable. This does not mean that all human dissection studies are
unreliable, rather that results from studies at facial regions most affected
by shrinkage, bloating, position and ageing, such as the orbits, cheeks
and jawline, should be treated with caution [14]. In addition, standards
may not be transferable between all populations, since most anatomical
dissection studies include relatively homogenous subjects from Euro-
pean or North American anatomy departments.

2.2. Assessment by palpation

Tactile exploration of the living face has provided standards for re-
gions of the face [19] where the hard tissues are most superficial, such as
at the nose, orbits, jaw and zygomatic bones. Subjects can be studied in
an upright position and, since there are no health risks associated with
this method, any population can be recruited. However, palpation can
be misleading, as many soft tissues can feel inflexible and are difficult to
distinguish from bone. A good example of this is the temporalis muscle,
which is so robust that it can feel as solid as bone in a living face. In
addition, the exact position of a bony feature may be difficult to identify
when covered by layers of soft tissue. Therefore, we can assume that
palpation studies are the more unreliable of the modes of data collection
due to these inherent problems.

2.3. Anthropometry

Craniofacial anthropometry [20-22] involves the measurement of
the face and/or skull directly on the original specimen/subject using
callipers and/or other anthropometrical tools, or indirectly from
three-dimensional scans or photographs, known as photogrammetry
[23,24], using digital measurement tools. These methods have been
utilised to produce population statistics [25,26], mean datasets and
’normal’ standards for both faces and skulls, and many have been shown
to be reproducible. Subjects can be studied in an upright position and,
since there are no health risks to these methods, any population can be
recruited. However, different methods of measurement are not neces-
sarily comparable, and each method has its own challenges. Measure-
ment tools employed on a living face may distort the facial tissue
through compression or stretching and measurements may be affected
by facial expression or head position. Measurement from single photo-
graphs has inherent problems associated with the focal plane, visual-
isation and perspective, and these are well documented in the literature
[27]. This means that similar measurements taken from photographs
and direct anthropometry are not comparable and the location of
anatomical points in two-dimensional images can be fraught with dif-
ficulty and the experience of the researcher will play a significant role in
the reliability of the measurements. Three-dimensional photogram-
metry and surface scanners employ multiple photographs, light or lasers
to record and visualise three-dimensional and/or four-dimensional
(with motion/time) shape and texture and can be utilised for data
collection from faces and skulls [28-33]. There are numerous available
surface scanners and low-cost versions allow home use on smart phones
[34] and tablets — the reliability of some low-cost scanners may not be
appropriate for craniofacial analysis, and the accuracy should be tested
by comparison with direct measurement prior to utilisation for data
collection [35]. Many commercially available scanners have been tested
for accuracy and reliability [36,37]. Scan data can be collected very
quickly, in an upright position with open eyes and with variable facial
expression. The sample population has no limits and there are minimal
health risks. This data can be analysed for population statistics,
mean/normal standards and templates. It is worth noting that the choice
of anthropometrical points on the skull or the face is not necessarily
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consistent across studies, and this may be due to the different disciplines
(dental, surgical, anthropological) involved in the data collection pri-
oritising points relevant to their field. These scanners cannot visualise
internal structures and are reliant on lighting and skin tone (better in
bright light and for paler skin tones), and some scanners suffer from
artefacts caused by metal, hair or shiny surfaces [38].

It is rare that photogrammetry or direct anthropometry includes hard
and soft tissue data from the same individual, but this does occur in
relation to the teeth and lips. With the exception of these dental studies
[39-41], anthropometry can only produce mean data and not hard-soft
tissue relationships.

2.4. Cephalograms

Cephalograms are x-ray images, otherwise known as radiographs or
craniographs, produced from the head, living or deceased, depicting the
skeletal structure and soft tissue profile in the plane of the radiographic
plate. This enables the assessment of hard and soft tissue patterns, the
measurement of tissue depths and the establishment of relationships
between the hard and soft tissues [42]. There are international standards
associated with cephalograms due to their use in dental research/-
treatment, and the protocols are established as reliable and reproducible
[43]. The images are taken with an upright relaxed face and are there-
fore not affected by position. However, cephalograms only allow anal-
ysis in the plane of the radiographic plate, they will be affected by the
angle of the head [44,45] and surrounding detail may not be visualised.
In addition, cephalograms suffer from magnification [46,47] and cannot
distinguish between different layers of soft tissue. During x-ray collec-
tion, subjects incur a dose of radiation, and the health risk limits the
number and type of subject that can be studied - typically these studies
include clinical or dental patients, who may not be wholly representa-
tive of a 'normal’ population.

2.5. Magnetic resonance imaging (MRI)

MRI is a type of scan that uses strong magnetic fields and radio waves
to produce detailed images of the inside of the body. The human body is
largely made of water molecules, and each atom contains a proton,
which is sensitive to any magnetic field. The scanner’s magnetic field
causes the water molecules to change alignment in response to the
magnetic pulses created by the scanner. Although the patient cannot feel
these changes, the scanner can detect them and, in conjunction with a
computer, can create a detailed cross-sectional image [48]. The imaging
data can be translated to produce a three-dimensional model of the head
where different soft tissues (muscle, fat, cartilage) can be distinguished
easily [49]. This enables detailed analysis of anatomical structure,
morphology and action. MRI has no health risks for the subject and does
not limit the subject sample. However, MRI is expensive, and many
people find the procedure stressful (due to the knocking noise created by
the scanner) and claustrophobic inside the scanner tube: these issues can
limit research potential. In addition, subject faces are affected by posi-
tion (supine), the pressure of the straps and pillows employed and eye
closure [18]. Metal medical implants, such as a pacemaker, brain
stimulator, or other devices, are another complicating factor. Whilst
MRI is excellent for the visualisation of soft tissues, it is less reliable for
the visualisation of bone, which creates problems in relation to accurate
measurements and the translation to three-dimensional models [50].

2.6. Computed tomography (CT)

A computed tomography scan uses X-rays and a computer to create
detailed images of the inside of the body. CT scans are sometimes
referred to as CAT scans or computerised tomography scans. CT scans
take a fast series of X-ray images, which are combined to visualise the 3D
skeletal structure along with the overall soft tissues [48]. This produces
excellent three-dimensional visualisation and enables the study of living
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and deceased individuals using a reliable and reproducible protocol.
However, subject faces suffer from positional effects (supine), strap and
pillow deformation (forehead and neck), dental artefacts (spikes in the
data caused by metal fillings) and radiation (causing health risks). There
have been a number of studies exploring the effects of position on CT
data from the face [51-53], and these studies suggest that most tissues of
the face alter shape or position when the subject is supine, and the only
unaffected feature appears to be the nose. CT can distinguish between
bone and soft tissue but may be difficult to distinguish between different
layers of soft tissues, such as muscle and fat, and this limits any
anatomical research [54]. Due to the health risks associated with CT
imaging, typical samples tend to include clinical or dental patients [55],
who may not be representative of a normal population, and the data may
include only the regions of the head associated with the clinical/dental
diagnosis/treatment. For example, clinical data often does not include
the orbits (to reduce the effects to the eyeballs [56]) and dental data may
be exclusively at the maxilla or mandible. This makes retrospective data
difficult to utilise and limits opportunities for research. It is becoming
more common for CT scans to be produced for cadavers at the mortuary,
but this data suffers from the same issues associated with cadavers
outlined in the human dissection paragraph.

2.7. Cone-beam computed tomography (CBCT)

CBCT visualises soft and hard tissues of the face without the same
high levels of radiation as produced by ordinary CT, and this low dose
radiation has similar health risks to radiographs [57]. Although the soft
tissues are not as accurately visible in CBCT images as in MRI and ul-
trasonography, it enables the three-dimensional visualisation of each
subject in enough detail for most craniofacial analysis [58]. The subject
can also be scanned in an upright position and dental artefacts are less
common. CBCT enables a more inclusive protocol and does not limit the
sample population, and research opportunities are less restricted.
However, CBCT is not yet commonly accessible, and the detail of the
scans is not as high as for other modes of data collection. In a study that
reviewed various imaging technologies [59] for the assessment of
three-dimensional facial morphology as applied to facial reconstruction,
the researchers found that there was a decrease in the error rate when
CBCT was utilised.

2.8. Ultrasound

Ultrasonography can visualise soft tissues in two, three and four-
dimensions (with movement/time) and can distinguish between
different layers of soft and hard tissues. This enables detailed analysis of
soft and hard tissue relationships and can be utilised in an upright po-
sition [60-63]. The health risks to the subject are minimal and therefore
the sample population is unrestricted. However, the process is quite time
consuming, and ultrasound cannot travel through air, so gel or liquid is
necessary between the ultrasound probe and the subject. This is possible
on skin surfaces, but limits use around the eyes, hair, mouth or ears. In
addition, the probe pressure may cause compression at the skin surface
and the range of imaging is limited by the probe size, which in turn is
limited by the undulations of the facial surface.

2.9. Three-dimensional surface acquisition methods

The three-dimensional surface of the face can be captured by various
surface data acquisition methods. This includes photogrammetry and
surface scanning using high precision scanners [64-66]. These methods
are contactless, can be portable or static, more cost effective in com-
parison to medical imaging methods, and with minimal health risks.
Most importantly, it enables the capture of colour and texture infor-
mation of the face. However, with the range of software and hardware
available, the accuracy of the three-dimensional acquisition and stan-
dards vary based on the equipment, environment, and the reflective
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properties of the object [67-69]. Four-dimensional facial capture (dy-
namic three-dimensional) are related to photogrammetry and involve a
fixed rig, such as those used in filmmaking for realistic special effects
and animation [70]. Such systems have the potential to study facial
movement and expression [71,72]. None of these acquisition methods
can collect internal anatomy and only provide surface information.

2.10. Tissue depth datasets

Tissue depth datasets are utilised across many craniofacial identifi-
cation methods, to present the average soft tissues at a series of
anatomical points across the skull. These are often divided by biological
sex and/or ethnic group and there are numerous published sets of tissue
depths from populations across the world from adult subjects [73-75]
and a smaller number from children [75]. Optimal data would be full
head collected from a large number of living subjects in
three-dimensional with an upright position and minimal health risks.
Currently, optimal data includes CBCT or MRI with living data prefer-
able to cadaveric data, and upright data preferable to supine data.
Challenges [76,77] with published data are the lack of consistency be-
tween the anthropometrical points utilised for craniofacial measure-
ments and the small number of subjects when the data is
divided/compared by sex, age, ethnic group, and BMIL.

Some researchers call for tissue depth datasets to be combined [75,
78-80], thereby creating a universally applicable large-scale database
[6]. These researchers maintain that an increased sample size reduces
error in more substantial amounts than splitting samples according to
previously observed differences. A cadaveric dissection study of 40
Australian subjects [15] identified a correlation between facial soft tis-
sue depths and craniometric dimensions and devised a series of multiple
linear regression equations. However, when the researchers tested these
equations, using ultrasound data collected from 71 living Australian
subjects [81], they concluded that the regression equations did not
improve facial soft tissue estimation. A recent study using CBCT scans of
100 South African subjects [82] evaluated 9 different sets of facial tissue
depth datasets and/or related regression formulae and found that the
pooled universal datasets also performed poorly when compared to
demographic-specific datasets and/or demographic-specific regression
equations. These results suggest that there is still a use for
demographic-specific datasets within the field of craniofacial identifi-
cation. In addition, there is evidence that skeletal profile and dental
occlusion has more of an effect on facial tissue depths than biological sex
or ethnic group [83-87], suggesting that skeletal classification datasets
may be appropriate for use in craniofacial identification.

There has not been consistency in the anthropometrical/anatomical
points utilised for these datasets. This is, in part, due to the different
modes of data collection; radiographs only enable measurement in the
focal plane, ultrasound only enables measurement perpendicular to the
surface of the bone (where the sound wave bounces back to the probe)
and MRI may not allow some measurements when bone and space are
difficult to distinguish. In addition, researchers have repeatedly ‘rede-
signed’ the measurement locations to facilitate practical utilisation of
the datasets or to align with automation. These inconsistencies across
datasets make comparisons between populations challenging and data
combination more difficult.

3. Anatomical and anthropometrical standards by facial feature
3.1. The eyes

Positioning the eyeball within the orbit is one of the first steps in any
facial depiction, and eyeball position is also critical when carrying out
craniofacial superimposition for identification purposes. Eyeball size
and location has a significant influence on facial proportions and
humans are very sensitive to perception of eye displacement when
recognizing familiar faces [88,89]. In addition, eyeball prominence
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(anteroposteriorly) influences the morphology of the eyelids and how
we perceive the set/openness of the eyes relative to the brow and cheeks.
Research [90,91] shows that as little as 3 mm error in eye size/position
can lead to a significant reduction in similarity levels and eyes are
considered to be a primary distinguishing facial feature [92].

Mean eyeball and iris diameter measurements have been recorded
from large numbers of subjects, populations and modes of collection
including human dissection [93], cephalograms [94], CT [95], anthro-
pometry [96], photogrammetry [97,98], and MRI [99], and there is
consensus that the mean adult eyeball diameter is 24-25 mm, and the
mean iris diameter is 12 mm. The mean neonatal eyeball diameter is
recorded as 16 mm and the mean iris diameter in infants (up to 8 years)
is 10.6 mm [100].

There are different published standards relating to the frontal view
(superoinferior and mediolateral) position of the eyeball in the orbit.
Traditionally [101,102], practitioners were advised to place the eyeball
centrally within the orbit in the frontal view, with supporting research
utilising palpation as the mode of data collection. Cadaveric dissection
[103-106] and CT studies [95] reported 1-2mm (or 3-5% of orbital
width) superior and lateral divergence from the orbital centre and
proposed proportional standards to predict superoinferior and medio-
lateral eyeball position (44% OBH and 58% OBB respectively);
measured from the centre of the eyeball to the most superior/medial
points on the orbital margin. These proportional standards were
confirmed by a study utilising cephalograms from a different White
European population [94], a cadaveric dissection study from South Af-
rican subjects [107] and 3 modalities (cadaveric dissection, CT and
CBCT) from a South African population [108]. A Korean study [109]
utilising CBCT confirmed the mediolateral standard but found a more
inferiorly placed eyeball in this cohort (56% OBH from superior orbital
margin), suggesting that these standards may not be applicable to all
populations.

There are also different published standards relating to the lateral
view (anteroposterior) position of the eyeball in the orbit. Traditionally
[101,102], in lateral view, practitioners were advised to place the
cornea tangent to a line connecting the midpoints of the superior and
inferior margins of the orbit, but these publications did not provide any
research data to support this standard. A number of studies utilising
cadaveric dissection [103,105], MRI [99] and radiography [110] of
large databases of living subjects are in agreement that the anterior most
point of the cornea falls, on average, 3.7-4 mm anterior to the tangent
line connecting the midpoints of the superior and inferior orbital mar-
gins (or with the tangent line touching the flat plane of the iris rather
than the cornea). Recent cephalogram [94] and CT [95] studies suggest
that anteroposterior eyeball position can be predicted using a propor-
tional standard (53% OBH) measured from deepest point on the lateral
orbital margin. Since this practical standard does not rely on scale and is
confirmed on different populations using different modes of data
collection, it can be considered reliable for use by practitioners. Further
research [99] suggests that eyeball prominence is directly related to
orbital depth, with deep-set eyes associated with deep orbits and a heavy
brow ridge.

There is anatomical consensus [93,103,104,111] that Whitnall’s
tubercle and the anterior lacrimal crest can be identified to determine
the position of the outer and inner canthi of the eye, as these anatomical
structures are directly determined by the form and function of the eye-
lids and lacrimal apparatus. Human dissection studies illustrate that
Whitnall’s tubercle is present on the lateral border of the orbit where the
palpebral ligaments anchor the eyelids at this point [112,113]. How-
ever, the literature [110] does not agree on how far the outer canthus is
located medial to Whitnall’s tubercle and one practitioner guide [114]
even suggests the lateral canthus should be placed lateral to the tubercle.
However, since Whitnall [115] clearly states that the lateral canthus lies
medial to the tubercle, and all cadaveric dissection studies agree on this
point, we can assume that the lateral placement was a reporting error.
The distances medial to Whitnall’s tubercle suggested in the literature
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Table 1
Reliable eye shape and position prediction standards.
Feature Standard Populations Modalities References
Eyeball diameter Multiple Cadaveric [93-95,99]
Adult 24-25 mm dissection;
Neonate 16 mm X-rays;
CT;
MRI
Iris diameter Multiple Cadaveric [96,97]
Adult 12 mm dissection;
Infant (up to 8 years) = 10.6 mm Anthropometry
Eyeball position - frontal White European; Black South Cadaveric [94,95,104-107]
African dissection;
Superoinferior = 44% OBH X-rays;
Mediolateral = 58% OBB Caer
Measured eyeball centre to SOM/MOM
OBH = orbital height; OBB = orbital breadth; SOM = most superior orbital
point; MOM = most medial orbital point
OBH
OBB
Image following Guyomarc’h et al. (2012)
Eyeball position - frontal Korean CBCT [109]
Superoinferior = 56% OBH
Mediolateral = 58% OBB
Measured eyeball centre to SOM/MOM (as above)
Eyeball position - lateral White European Cadaveric [94,95,99]
Distance of cornea from dLOM = 53% OBH dissection;
dLOM = deepest point on lateral orbital margin MRJ;
X-rays

(continued on next page)
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Table 1 (continued)
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Feature Standard Populations Modalities References
53% OBH
Image following Guyomarc’h et al. (2012)
Depth of orbital directly related to eyeball prominence.
. Orbital
1 tangent
4
/
)
1
/~3.88mm
/
'
Image following Wilkinson & Mautner (2003)
Medial canthus Turkish; Cadaveric dissection [124-126]

8-12mm from medial orbital margin
Superior end of anterior lacrimal crest

Tarsus

Medial
canthal Lateral
tendon canthal
tendon
Whitnall’s
Lacrimal tubercle
fossa
Tarsal strap
Lacrimal
crest

White European

(continued on next page)



C. Wilkinson et al.

Table 1 (continued)
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Feature Standard Populations Modalities References
Lateral canthus White European; [103,106,108,
Lies 5 mm medial to and at the same height as Whitnall’s tubercle Black South African; 118-121]
Ethnic groups from USSR
Eyebrow pattern Ethnic groups from USSR Ultrasound; [120,122,131,132,
A) Strong brow ridge = low and straight eyebrow Palpation 138]

B) Weak brow ridge and low nasal root = wavy eyebrow
C) Smooth brow and open orbits = arched eyebrow
D) Strong brow ridge and thickened lateral suprorbital margin = triangular eyebrow

Superciliare (most superior part of the eyebrow) is located directly above
the lateral border of the iris.

P i, B
4

vary from 1mm [116] to 13mm [117], whilst cadaveric dissection
studies seem to agree at 4-8 mm [106,110]. It is well established that
orbit size varies widely, so it is unsurprising that there is disagreement
relating to the mean distance between studies with small sample sizes
from different populations. None of these cadaveric dissection studies
had a sample size greater than 49 (and most utilised less than 10 ca-
davers) and there is evidence that the orbital structures are significantly
affected by post-mortem changes [13]. However, the South African
study [107] that utilised three different modalities (cadaveric dissection,
CT and CBCT) and at least 30 subjects per modality, found consensus for

positioning the lateral canthus 4.5-5 mm medial to Whitnall’s tubercle.

Traditionally, the superoinferior position (height) of the lateral
canthus is thought to correspond to the position of the tubercle
[118-120] and Stewart [121] noted that the bony attachments of the
medial and lateral canthal tendons are almost horizontally aligned and
parallel to the canthal axis. This relationship was confirmed in a
cadaveric dissection study [105].

Human dissection demonstrates that the lacrimal sac sits in the
lacrimal fossa surrounded anteriorly by the anterior lacrimal crest and
draining fluid from the surface of the eyeball through ducts opening into
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the inner canthus [93,103,104]. Therefore, the position of the medial
canthus (inner corner of the eye) as lateral to the anterior lacrimal crest
is not contested. However, the height of the inner canthus relative to the
anterior lacrimal crest is contested, as is its position along the crest, with
some researchers placing it at the inferior end [121], some centrally
[122] and others placing it at the superior end [102]. Researchers have
suggested distances from the medial orbital wall, and these also vary
from 2mm [119] to 5mm [104], whilst other researchers suggest dis-
tances from the dacryon (the point of junction of the anterior border of
the lacrimal bone with the frontal bone) as 10 mm [102] (although this
latter measurement was shown to be inaccurate in a facial approxima-
tion accuracy study [123]). Cadaveric dissection studies [106,124-126]
record the medial canthal ligament as 8-12 mm in length (from medial
orbital margin to medial canthus) and attaching to the medial orbital
wall at the superior end of the anterior lacrimal crest.

The shape of the eyelids is critical to assessments of facial attrac-
tiveness [127,128] and the eyes are a key feature utilised in face
recognition [129,130]. There are a limited number of anatomical or
anthropometrical standards relating to eyelid pattern. Some researchers
[121,131] suggest that the shape of the upper eyelid echoes the shape of
the supraorbital margin with the position of the upper eyelid crease
determined by the deepest overhang at the supraorbital rim. These re-
searchers also suggest that an open orbit, strong anterior lacrimal crest,
and flat nasal root are indicative of an epicanthic fold. These observa-
tions were recorded using ultrasound [132] across a wide variety of
ethnic groups from the former Soviet Union, but these standards have
not been confirmed on other populations using different modalities.

The shape of the eyebrows is critical to face recognition [133-136]
but there are limited anatomical or anthropometrical standards for the
prediction of eyebrow pattern. Based on ultrasound and palpation
studies on living subjects, researchers [121,122,131] suggest that the
eyebrows echo the form of the superciliary arch, with strong brow ridges
associated with lower straighter eyebrows and a strong brow ridge with
an additional thickening at the lateral supraorbital margin associated
with a triangular eyebrow shape. These researchers suggest that a weak
brow ridge and low nasal root is associated with a ‘wavy’ eyebrow that
starts at its medial end inferiorly to the supraorbital rim and rises to
meet and follow the contour of the supraorbital rim. In addition, they
suggest that an absent brow ridge and open orbital shape is associated
with high arched eyebrows, more commonly seen in women and Central
East Asian populations. Although these observations were made across a
wide range of different ethnic groups from the former Soviet Union
using ultrasound and palpation [132], these standards have not been
confirmed on other populations using different modalities. A CT study of
180 Koreans [137] provided data to estimate the position of the eyebrow
using orbital width and height. The study revealed that the morphology
of the orbit had more influence on the position of the superior margin
than the inferior margin of the eyebrow. In addition, regression equa-
tions were shown to better predict the middle part of the eyebrow, whilst
the morphology of the orbital margin showed limited correlation to both
ends of the eyebrow. One guideline that has been suggested is that
superciliare (most superior part of the eyebrow) is located directly above
the lateral border of the iris and this standard was confirmed in a
photogrammetric study of 128 Australian subjects [138] showing only
small errors in position (1 mm female, 5mm male). However, this
standard is not very practical for facial depiction from skeletal assess-
ment, as the eyeball position is also estimated.

The most reliable standards for the prediction of eye shape and po-
sition for craniofacial identification are summarised in Table 1.

3.2. The nose

Every facial component is important for facial appearance, but the
nose seems to have a special significance. It has a central position; it is
often the most prominent part of the face; and it has cultural, ethnic,
symbolic, and psychological significance [139]. As little as a 2 mm
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change to nasal proportions has been shown to have a significant effect
on similarity ratings [91] and research [140,141] indicates that the nose
is a relatively important feature in face recognition.

Traditionally, the nose was always a difficult feature of the face to
predict by analysis of skeletal structure, as it is mostly cartilaginous.
Recent correlation studies utilising Chinese CBCT [142], Korean CT
[143] and South African CT data [144] and cadaveric dissection
research [145] suggest that the soft tissues of the nose are directly
related to the skeletal structure of the nasal aperture. Since the 1950 s,
many researchers have investigated and developed different methods to
predict nasal projection and shape based on the skeletal portion of the
nose.

One of the most persistent and practical methods is known as the
‘two-tangent method’ devised by Gerasmiov [131] in the 1950 s; the
most prominent point on the nasal tip is found at the intersection be-
tween a projected line following the direction of the nasal spine at the
base of the nasal aperture and a second line following the direction of
the most distal portion of the nasal bones (last third or less). This method
has been tested numerous times on various populations using different
modalities including 122 cephalograms from a White European popu-
lation [146], CT scans from a Turkish population [147], CT scans from a
White and Black US population [148], 66 CT scans from a Scandinavian
population [149], cephalograms from a White Australians [150],
cadaveric dissection of 49 South African subjects [106], 34 cephalo-
grams from a Chilean population [151] and cephalograms from US
children [152]. The results of this research are varied; for adults, several
studies [146-148,151] support the use of this method, whilst others
[106,149,150] suggest a consistent overestimation of nasal projection.
For children, one study found this method to be reliable for boys, but not
girls [152], although the sample size was small. Adaptations and sup-
plementary guidance around the two-tangent method have been sug-
gested by researchers [148,153,154], and these new methods have
produced reliable results when tested across populations [2,146,147,
149,150,155,156].

Krogman [157] developed a method to predict nasal projection that
has been widely utilised in the United States; the average soft-tissue
depth at midphiltrum is transferred to a line following the direction of
the nasal spine, and the length of the nasal spine, from the junction with
the vomer to the tip, is tripled and added to the tissue depth. However,
this method has been tested on 122 cephalograms from a White Euro-
pean population [146], 34 cephalograms from a Chilean population
[151] and 59 cephalograms from an Australian population [150], and
each study found this method to be highly inaccurate. Other methods
found to be inaccurate and/or impractical when evaluated by other
researchers include standards suggested by George [158], Macho [159]
and Stephan et al. [150].

A large-scale study [160] using 600 radiographs from a Brazilian
population suggested that a ninety-degree angle from prosthion to
nasion will predict the most prominent point on the nasal tip, and this
standard was confirmed in two other studies using CT data from Bra-
zilian populations [161,162].

Recently proposed standards have been developed from Japanese
[84,163] and Thai [164] subjects using cephalograms and CBCT data
respectively, but these studies were only evaluated on the same popu-
lation and have not been tested using different modalities.

There are a few standards relating to nasal width estimation. Ger-
asimov [131] suggested, based on cadaveric dissection research, that the
widest part of the nasal aperture is three-fifths of the overall width of the
soft nose and a study of 55 Romanian subjects using CT data [165]
confirmed a close relationship between the maximum nasal aperture
width and the maximum nasal width, the bone being a significant pre-
dictor for the morphology of soft tissue. The three-fifths standard was
tested, using CT data from 79 White, Black and Asian US [148] subjects
and 5 CT scans from Belgian subjects, and was found to be accurate
regardless of ethnic group. However, a study of 250 Brazilian subjects
[161] using CT data found no correlation between nasal width and nasal
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Table 2
Reliable nose shape and profile prediction standards.
Feature Standard Populations Modalities References
Nasal projection White European X-rays; [147,148,150,
1. Most prominent nasal point = intersection of line following distal portion of nasal bones and line following the (1,2); CT 153,155,156,
direction of the nasal spine (as if nasal spine is an arrowhead) Turkish (1,2); 160-163]

Chilean (1,2);
White, Black and
Asian US (1,2);
Australian (3);
Brazilian (3)

Image following Rynn et al. (2010)

FHP = Frankfurt Horizontal Plane

2. Three craniometrics measured to predict six soft tissue dimensions:
X = nasion-acanthion; Y = rhinion-subspinale; Z = nasion-subspinale;

(continued on next page)
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Table 2 (continued)

Feature Standard Populations Modalities References
1 = pronasale anterior projection from NPP;
2 = pronasale height down from nasion in NPP;
3 = pronasale projection in FHP;
4 = nasal length; 5 = nasal height; 6 = nasal depth
1=0.83Y-3.5 5 for females = 0.63Z + 17
2=0.9X-2 5 for males =0.78Z + 9.5
3=0.93Y-6 6 for females = 0.5Y + 1.5
4=0.742+3.5 6 for males =0.4Y + 5
Images following Rynn et al. (2010)
FHP = Frankfurt Horizontal Plane
NPP = Nasion-Prosthion Plane
3. Nasal profile
(continued on next page)
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Table 2 (continued)
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Feature Standard Populations Modalities References

Images following Prokopec & Ubelaker (2002); Tedeschi-Oliveira et al. (2016)

A = nasion-prosthion; B = parallel to line A touching rhinion

Distance from line B to nasal profile mirrored other side of line with 2mm addition to create nasal profile

Rhinion—Pronasale—Prosthion = 90° angle

Nasal width Ethnic groups Cadaveric [122,131,132,
across USSR (1); dissection; 148,161,165,168,

1. Nasal width = 5/3 maximum nasal aperture width (NAW)

2. Inter-alar distance (max. nasal width) = 76% inter-canine distance (ICD)

3. Male nasal width = 18.035 + 0.44400 x ICD

Female nasal width = 17.390 + 0.42393 x ICD

ICD measured between most prominent points on canine alveolar bone at level of subspinale
4. Male nasal width = 23.77 + (NAW x 0.42) + 3.31

NAW = nasal aperture width

Nasal tip shape
Nasal tip contour mirrors nasal bone contour with 60 degree dorsal head tilt

Other nasal morphology
Nasal alae lie approx. 5 mm anterior and inferior to aperture border
Superior part of alar groove is at the same height as the inferior turbinate (christa conchalis)
3 = most superior point on nostril border
4 = most posterior point on alar groove, or alar crest point (ac)
5 = most superior point on alar groove
6 = most lateral point on ala
7 = most inferior point on alar curvature, or subalare (sbal)
C = inferior turbinate, or conch
X = most posterior point on lateral border of piriform aperture (PLB)
L = lowest point on aperture border

11

US White, Black CT
and Asian (1);

White European

(€35

Romanian (1);

India (2);

Malaysia (2);

Saudi Arabia (2);
Brazilian (2,3,4)

North American; CT
European

Ethnic groups Cadaveric
across USSR; dissection;
European; Ultrasound;
White, Black and CT data
Asian US

175]

[176,177]

[122,131,132,
148]

(continued on next page)
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Table 2 (continued)
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Feature Standard

Populations Modalities References

Image following Rynn et al. (2010)

Deviation of bony nasal septum corresponds to contralateral nasal deviation
Corresponding bony (gray) and soft nasal profiles.

a = Rounded aperture and nasal tip.

b = Average aperture and nasal tip.

¢ = Sharply angled aperture and nasal tip.

d = Rounded aperture and nasal tip, upturned nose.

e = Angled aperture and nasal tip, upturned nose.

f = Angled aperture and nasal tip, down-turned nose

o

éB /7 /1

&

Image following Rynn et al. (2010)
Nasolabial Crease/Fold (NLC/F) pattern

Origin at upper edge of alar margin above maxillary first molar.

Canine fossa shallow < 3 mm, moderate < 6 mm and deep if >6 mm.

NLC/F is more prominent when canine fossa is deep and when midface profile is strong.

Upper part formed by concavity of levator muscles and terminates at projection of second molar.

Ethnic groups
across USSR;

US ethnic groups;
European

Palpation;
Ultrasound;
Cadaveric
dissection;
Skulls with AM
face images

[120,131,181]

aperture width and this suggests that the standard may not be applicable
to all populations.

Krogman’s standard for nasal width prediction [157] has been uti-
lised and promoted by practitioners across the United States [102]. This
standard advised the addition of 10 mm to the maximum nasal aperture

12

width for White Europeans, and 16 mm for Africans, but has been shown
to be inaccurate [166] and not applicable to many other populations. A
CBCT study of 108 Thai subjects [167] found that the distance between
the infraorbital foramina correlated to 75% nasal width, but this has not
been confirmed by any other research.
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Standards for nasal width also utilise the teeth and CT and ultra-
sound studies [132,148] from different populations have found that
inter-canine distance is correlated to nasal width with regression
formulae suggested for practitioners [123]. Orthodontic literature
[168], using facial images and dental casts of 81 Brazilian subjects,
confirms the relationship between inter-alar distance (maximum nasal
width) and the maxillary teeth, suggesting inter-alar distance equals
76% inter-canine distance. This is supported by other orthodontic
research on multiple populations [169-174] and inter-alar width is a
routinely used method in the selection of upper anterior teeth. One study
utilising 246 CT scans of Brazilian subjects [161] found no direct cor-
relation between nose width and any variables of the piriform aperture
nor between inter-canine distance and nasal width, and the CBCT study
of 108 Thai subjects [167] found that intercanine distance was equal to
nasal width; these studies suggest that these anatomical standards may
not be applicable to all populations. One study of 96 Brazilian subjects
using CBCT data [175] found that nasal width was associated with the
lower width of the piriform aperture, sex, skeletal facial height, and age.
This study suggested multiple linear regression equations for male
subjects and a further study [161] using CT scans of 246 Brazilian
subjects confirmed this prediction method.

A study of 25 CT scans from a US population [176] found that the
contour of the tip of the soft nose follows the contour of the superior
portion of the nasal aperture and this standard was supported by further
study of 103 CT scans from a German population [177]. Several re-
searchers have found, from ultrasound [132] and cadaveric dissection
[131] studies of ethnic groups from across the former Soviet Union, that
the nasal alae lie approximately 5 mm anterior and inferior to the
aperture border with the superior part of the alar groove at the same
height as the inferior turbinate (crista conchalis) [123] and the lateral
profile of the nasal aperture border mirrored in shape (but not scale) to
the nasal profile. These standards were evaluated in a study of 79 CT
scans of White, Black and Asian US subjects and 5 CT scans of Belgian
subjects [148], and confirmed as applicable across populations, along
with a new finding that any deviation of the bony nasal septum will
correspond to a contralateral nasal deviation.

All the selected nasal standards were further re-evaluated in a blind
accuracy study [148] using 12 skulls from a German population, on
which the noses were reconstructed and compared to the ante-mortem
images of the subjects through resemblance ratings by 50 volunteers.
Overall, 81% of volunteers indicated that the predicted noses exhibited
no/slight differences from the actual noses of the subjects.

Some researchers have suggested that the presence or absence of a
nasolabial crease/fold (NLC/F) can be determined by skeletal assess-
ment. A cadaveric dissection study of 4 subjects [178] classified the
shape of the NLC/F as concave, straight or convex, but the lack of
demonstrative models has led to inconsistency in the classification. For
example, two further cadaveric dissection studies [179,180] agreed that
NLC/F is straight, concave or convex, but recorded opposite directions
for the latter two classifications. A convex NLC/F was the highest re-
ported at 60%, followed by straight (30%) and convex (10%). Palpation
and ultrasound research [121] places the origin of the NLC/F at the
upper edge of the alar margin above the maxillary first molar and
consider the prominence of the fold as dependent on the depth of the
canine fossa, the angle of horizontal profiling, the protrusion of the
frontal surface of the cheekbones, and the presence of teeth. The canine
fossa is considered shallow if it is less than 3 mm, moderate if less than
6 mm and deep if 6 mm or more, and the NLC/F is more prominent
when the canine fossa is deep and when the midface profile is strong
[121]. The NLC/F is also prominent in edentulous individuals. Ger-
asimov [131] mentions that the upper part of the fold is formed by the
concavity of the levator muscles and that the depth of the canine fossa is
correlated with the depth of the fold in the midportion and is terminated
at the central portion of the levator anguli oris muscle. He also states
that the fold starts from the edge of the nasal alae above the crista
conchalis, continues along the canine fossa and terminates at the
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projection of the second molar. The NLC/F is directed inwards towards
the lower jaw. In young individuals, the fold is shapeless with little
outline and increases as a person ages. A study [181] of the William Bass
Collection at the University of Tennessee, using 83 subjects with skull
photographs and ante-mortem facial images, found that the NLC/F
related to the canine fossa depth in 95% of the subjects. The NLC/F
prediction was then tested using 9 skulls with ante-mortem images from
the Helmer Collection, and results showed 67% correct prediction.
However, the researchers recorded difficulty in distinguishing between
a full or nasal portion only NLC/F based on both skeletal and facial
assessments.

Table 2 summarises the most reliable standards for nasal shape
prediction for craniofacial identification.

3.3. The mouth

The mouth is a key feature involved in face recognition — both human
and automated [136,182,183]. Although shown to be less important
than the eyes for familiar face recognition [135,184,185], the mouth
provides crucial lower face proportions and profile structure [89].

Orthodontic and maxillofacial literature agree that lip shape and
dental pattern are directly related, and facial profile and lower face
shape will be significantly changed as a result of orthodontic treatment
[186-189]. A number of studies [190-195] have demonstrated a sig-
nificant correlation between lip shape and size and dental prominence,
dental occlusion, and mouth width.

There are many mouth width standards available to practitioners and
some of these standards have been evaluated on different populations
using different modalities. In a cadaveric dissection study of fifty Korean
subjects [196], the infraorbital foramina lay within the same vertical
plane as the cheilions (corners of the mouth) in 50% of cases, and the
distance between the infraorbital foramina overestimated actual mouth
width by only 0.6 mm. A further cadaveric dissection study on 9
Australian subjects [197] confirmed the infraorbital foramina are a
reliable prediction for the position of the mouth corners. Intercanine
distance has also been used to predict mouth width (intercanine distance
= 75% interchelion distance) and this standard was established in a
photogrammetric study of 93 Australian subjects [198] and then
confirmed using cadaveric dissection of 9 further Australian subjects
[196]. However, a cadaveric dissection study of 49 South African sub-
jects [106] found that intercanine distance was closer to 60% mouth
width. It is worth noting that these guidelines were obtained and
re-evaluated using cadaver data or from faces in supine positions;
causing many shortcomings, as gravity as well as post-mortem dehy-
dration and distortion negatively impacts the reliability of measure-
ments. Anthropometric studies of 168 Arab [199] and 200 Indian
subjects [173] confirmed the 75% rule, but a CBCT study of 120 black
and 39 white southern African adults [200] found a mouth width esti-
mation error of approx. 3.7 mm. The researchers suggested
demographic-specific percentages (77% for black subjects) and
demographic-specific regression formulae, but these also recorded an
error of more than 3 mm for mouth width estimation. Finally, two CBCT
studies, one of 108 Thai subjects [167] and one of 322 Brazilian subjects
[201], and an anthropometric study of 110 Saudi subjects [202] found
that intercanine distance was correlated to mouth width, but that the
standard should be adjusted to 80% mouth width for Brazilian and Saudi
subjects and 82% mouth width for Thai subjects. The Thai study also
found that infraorbital foramina distance reliably indicated mouth
width. In contrast, a CBCT and three-dimensional surface scan study of
180 Chinese subjects [203] found no relationship between intercanine
distance and mouth width.

Interalar width has also been shown to be positively correlated to
mouth width. Anthropometric studies of 200 Nigerian [204], 168 Arab
[198], 200 Indian [173], 100 Indian [205] and 110 Saudi subjects [201]
found interalar width was 73%, 68%, 76%, 76% and 70% mouth width
respectively. Where there were sex differences these were not consistent
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Table 3
Reliable mouth shape prediction standards.
Feature Standard Populations Modalities References
Mouth width (chelion-chelion) Korean; Cadaveric dissection; [1,107,167,173,196-204,206]
Mouth corners are directly inferior to: Australian; Photographs;
e infraorbital foramina (IOF) South African; Anthropometry;
e medial borders of the iris (ILD) Indian; CBCT;
intercanine distance (C-C) = 75-80% interchelion distance (ch-ch) Arab; 3D surface scans
interalar distance (al-al) — 68-76% mouth width (ch-ch) Thai;
Brazilian;
Nigerian;
Saudi;
British

14
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Table 3 (continued)
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Feature Standard Populations Modalities References
Oral fissure position Us; Cephalograms; [118,132,158,207]
Ethnic groups across USSR Anthropometry
e Fissure positioned at level of lower quarter of maxillary central incisors.
e Fissure moves up for class II malocclusion to reveal maxillary incisors.
o Fissure moves down for class III malocclusion to occlusal line.
Lip thickness British (1,2); Anthropometry; [158,206,209]
US (3); Cephalograms
1. White Europeans: Central European (3)
o Upper lip thickness = 0.4 + 0.6(upper teeth height)
o Lower lip thickness = 5.5 + 0.4(lower teeth height)
e Total lip thickness = 3.3 + 0.7(total teeth height)
e Lip shape has proved more difficult to estimate
2. Indian subcontinent:
e Upper lip thickness = 3.4 + 0.4(upper teeth height)
o Lower lip thickness = 6 + 0.5(lower teeth height)
e Total lip thickness = 7.2 + 0.6(total teeth height)
o Lip shape has proved more difficult to estimate
3. Upper lip border = upper 1/4 maxillary central incisor
Lower lip border = lower 3/4 mandibular central incisor
Philtrum South African CBCT [200]

Distance between maxillary central-lateral incisor junctions = Cupid’s bow width

Table 4
Reliable ear prediction standards.
Feature Standard Populations Modalities References
Ear position Korean; Cephalograms; [221-223,
e External ear canal = European; CT 236,237]
approx. 9.5 mm Indian;
inferior and 2 mm Bulgarian
anterior to porion
e Upper (superior)
edge of ear located at
the eyebrow tail
(FHP)
e Lower (inferior) edge
of ear located at
upper lip level (FHP)
Ear dimensions Ethnic groups Anthropometry; [131,
1. Nose length + 10 across USSR Photogrammetry 225-230,233,
mm = ear height (1,2); 234]
2. Ear breadth = 57% White

ear height

3. Earinclination = 20°
angle from vertical

or

4. Earinclination = 15°
more vertical than
dorsal angle of nose

European (1,2);
Indian (3,4);
Chinese (3,4)

across the studies.

The most reproducible anatomical standard for the prediction of
mouth width appears to be the interlimbus distance (between the medial
borders of the iris) and this has been demonstrated in 96 British [206]
and 123 Australian [1] populations using anthropometry and photo-
grammetry respectively. However, this is not a very practical standard
for use in facial depiction from skeletal assessment since the eyeball size
and position are also estimated. Other mouth width standards that have
been shown to be unreliable are interpupillary distance [196,205] and
mental foramina [196] distance.

Researchers have also attempted to produce standards for estimating
lip thickness. An anthropometrical study of 191 British subjects [205]
found that lip thickness was positively related to the height of the teeth
and regression equations for White Europeans and Asians from the In-
dian subcontinent were suggested (see Table 3). A South Aftican CBCT
study of 124 black and 29 white adults [207] developed a serise of
regression equations, and found that face height produced the strongest
correlation with lip height. However, these equations have not been
tested to date.

The Russian school [131,209] place the upper lip margin on a level
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with the upper margin of maxillary central incisor crowns, and the lower
lip margin on a level with the lower margin of mandibular central incisor
crowns. This is in agreement with several researchers [101,102] who
state that the lip thickness is equal to the vertical distance of the upper
cementum-enamel junction to the lower cementum-enamel junction.
However, this is in contrast to other practitioner guidelines [158] that
place the upper lip border at the same level as the upper quarter mark of
the maxillary central incisor and the lower lip border at the same level as
the lower three-quarter mark of the mandibular central incisor. All these
lip thickness standards were revaluated on 86 subjects from central
Europe [208] using lateral head cephalograms and the regression
equations [205] were found to be the most accurate for female subjects
and the latter standard [158] for male subjects.

The position of the oral fissure has been the subject of much debate in
the literature. Traditionally, practitioner standards stated that the
mouth fissure is positioned at the level of the midpoint of the upper
incisor crowns [119] or level with the cutting edge of the upper central
incisors [206]. One study of 54 lateral craniographs of US subjects [158]
placed the oral fissure in between these two extremes at the lower third
(female mean) or quarter (male mean) of the maxillary central incisors.
Some researchers relate the oral fissure position to the type of incisor
occlusion with a lower fissure for class III and a higher fissure for class I
malocclusions [132,210]. All these oral fissure location standards were
revaluated on 86 subjects from central Europe [209] using lateral head
cephalograms and the lower quarter of the maxillary central incisors
proved to be the most accurate estimation for males and females.

Some researchers [121] have suggested that the width of the philtral
column at the upper lip can be estimated as the distance between the
midpoints of the maxillary central incisors. This standard was tested in a
CBCT study of 159 South Africans [199] and the Cupid’s bow was found
to be greater than the maxillary central incisor measurement by
5-7 mm. However, the distance between the maxillary central-lateral
incisor junction width proved to be a better estimate of the Cupid’s bow
width, being only 1-2 mm larger.

There are many studies [211-218] that demonstrate significant
changes to lip shape and position (e.g., reduced lip thickness and
lowering of oral fissure) with advanced age in adulthood, due to the
effects of gravity, tooth loss, reduction of skin elasticity, and subcu-
taneous fat redistribution. It is likely that these age-related changes are
more significant than any intra-population variation.

Table 3 summaries the most reliable standards for mouth shape
prediction for craniofacial identification.
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3.4. The ear

The relationship between the external ear and the skull is not well
understood. Early 19th century cadaveric dissection studies [219,220]
suggested that the cartilaginous opening of the ear is placed approx.
5 mm posterior and superior to the external auditory meatus. However,
more recent studies of CT scans of 67 Korean subjects [221] and ceph-
alograms of 22 [222] and 160 [223] European subjects have recorded an
inferior distance of approx. 9.5 mm from the opening of the porion
(most superior and outer bony surface point of external auditory
meatus) to the external ear and approx. 2 mm anterior distance. The
latter study claims that the position of tragus (fleshy part over the
external ear opening) relative to the skeletal structures could only be
broadly approximated due to the wide range of inferior distances
(1-20 mm).

An anthropometric study of 462 Tajiks [131] (an ethnic group from
the former USSR) suggested that ear length/height ‘roughly’ approxi-
mates to the height of the nose measured from the base to the glabella
and another anthropometric study of 161 Bulgarians [224] confirmed
this, whilst acknowledging a 2 mm underestimation. This in turn was
shown to be inaccurate by several anthropometric studies of US groups
[225,226] that recorded 95% of subjects with a nose length 10 mm less
than ear height. A more recent large-scale study using CT scans of 78
Australian living subjects, 2190 three-dimensional facial scans of British
subjects and anthropometric measurements of 1328 White and 1010
Black US cadavers and 47 Australian living subjects [227] further
indicated this was an unreliable standard. This large-scale study rejected
some other suggested standards that the axis of the ear was parallel to
the ascending ramus of the mandible [218] and the breadth of the ear
was equal to half of its length [131], but confirmed previous research
[224,228-230] suggesting that ear breadth and height are correlated
with breadth-to-height ratio of approx. 0.57 and found a small corre-
lation between the mastoid process length and the breadth of the ear
[131].

Research utilising more than 200 skulls and related ante-mortem
images from the former Soviet Union [121] suggested that the direc-
tion of the mastoid process (skull in Frankfurt Horizontal) indicates
whether or not the ear has an adherent or lobed form; with a forward
pointing mastoid process indicating a lobed ear and an inferiorly
pointing mastoid process indicating an attached ear. There are con-
trasting reports on the reliability of this rule; a CT study of 78 Australian
subjects [226] found no correlation between mastoid direction and
earlobes, whereas a study utilising ante-mortem images and skulls from
66 US subjects [231] confirmed mastoid direction as 91% accurate at
predicting lobes (40 out of 44 subjects) and 64% accurate at predicting
adherent ears (14 out of 22 subjects). However, the criterion for mastoid
process direction was not consistent across these studies (change in di-
rection or overall direction?) and this feature requires further research
and evaluation.

Some researchers [121] have suggested that a strongly developed
supramastoid crest indicates upper ear projection (from the side of the
head) whilst a rough external surface of the mastoid process indicates
lower ear projection (from the side of the head). There are also con-
trasting reports on the reliability of these rules; the CT study of 78
Australian subjects [226] found no correlation between mastoid pattern
and ear projection, whereas the study utilising ante-mortem images and
skulls from 66 US subjects [230] confirmed mastoid pattern as 77%
accurate at predicting ear prominence (27 out of 35 subjects) and 81%
accurate at predicting non-prominence (25 out of 31 subjects). This
feature requires further research and evaluation.

A review of artistic guidelines pertinent to surgical plastic facial
surgery [232] stated that the main axis of the ear is parallel to the angle
of the dorsal ridge of the nose. This rule was invalidated by several
anthropometric studies [224,225,233,234] that found ear inclination
15° more toward the vertical than the dorsal angle of the nose. Further
artistic guidelines for plastic surgery [235] state that the ear sits back
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one ear-length (approx. 7 cm) from the lateral orbital rim and with the
top of the ear level with the eyebrow and inclined approximately 20
degrees. Anthropometrical studies of 700 Indian subjects [236] and 450
Bulgarian subjects [237] confirmed that the position of the superior
edge of the ear was most commonly located on a level with the eyebrow
tail, while the inferior edge of the ear was located level with the upper
lip (in Frankfurt Horizontal Plane).

Table 4 summarises the most reliable standards for ear shape pre-
diction for craniofacial identification.

4. Conclusion

Practitioners often struggle to identify the most appropriate cranio-
facial standards and understand their reliability and reproducibility.
This paper clarifies optimal standards for the relationship between the
soft and hard tissues of the face by reviewing previous research; the
conclusions reached are based on sample size, number of studies, di-
versity of populations, subject status (cadaver/living) and mode/s of
data collection. It is hoped that this paper can provide some direction for
practitioners and present areas where more research would be benefi-
cial. Future research should aim to include diverse cohorts to establish
reproducibility across a global population, and under-studied areas of
the face remain at the eyelids, ears, and the vermillion line of the lips.
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