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ABSTRACT: Facial creases have been long studied from a cosmetic point of view, but rarely utilised
for facial identification. The first part of the paper focuses on growth and ageing of the skeletal
structure, facial muscles and skin followed by the current trends of facial crease research by
researchers. Face as an identification tool and the psychological aspects of internal and external
features of the face useful for identification is classified in the second part. In conclusion, a new
research area which combines facial creases and facial identification is suggested as facial creases are
unique in structure and useful for identification. Facial creases should be categorised as an internal
structure of the face and incorporated in facial identification research.
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The Ageing Mechanism and Facial Crease
Formation

The ageing mechanism varies between
individuals and it is hard to predict. Features
which manifest on one person may not
manifest on another person. What is ageing
then?

Ageing needs to be universal in nature for a
given species [1]. The onset of wrinkles is an
example of a universal effect. Without
external intervention (such as cosmetic
surgery) everyone will eventually get face
wrinkles. Second, the change should be
intrinsic [1], extrinsic [2] or photoageing [3].
For example, exposure of skin to UV light
(extrinsic and photoeageing in nature) will
change the physical and chemical components
of the skin (intrinsic in nature). Next, ageing is
a progressive and irreversible event [1].
Individuals with forehead creases will have
more pronounced creases as they get older.
Finally, the change must be deleterious to the
organism [1].

Facial Skeletal Growth and Ageing

Skeletal facial growth has been studied in
detail by previous authors [4-6]. Formation of
the face begins from the 3" week of in-utero
with the growth of the frontonasal prominence
and the genesis of Branchial arches. The
Branchial arches form the basic structural
organs of the face and neck [4].
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The human skeletal structure changes
throughout the individual’s life [7]. Visual
example of the changes can be seen in the
nose structure. At birth, the nostrils are similar
with the lower margin of the eye orbits [8].
The nose will then steadily grow with age and
other areas such as the nasal cavity will be
enlarged by bone redeposition from the
internal surface to the palate [8]. The bone
redepostion method is also responsible for the
air sinuses in the skull. The maxilla for
example grows posteriorly and forward at the
tuberosity with the apposition occurring
anteriorly. The lateral surface of the maxilla
will be deposited with bone and the alveolar
process will widen inferior and anterior in
direction [9]. Formation of the alveolar
process will allow for the teeth to grow in
place. Retrusion of the lower face is less
pronounced with age as the mandible will
grow more than the maxilla [8].

Research shows that the orbital, mandible,
glabellar and maxillary region changes with
age [10, 11]. Williams and Slice [11] also
recorded changes in the zygomatic bone as a
person ages. The Lambros theory on facial
aging proposed by Pessa [12] suggests that the
midface changed in a clockwise rotation when
the skull is viewed on the right side of the
sagittal plane. In order to verify the
hypothesis, stereolithography was employed
with the skull creation. Figure 1 shows the
Lambros’s theory as suggested by Pessa [12]:
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Figure 1: Ageing of the skull described by Lambros's theory. The skull shape after ageing is shown
by the red-dotted line with the blue arrows indicating the direction of change. The rhinion (rhi) and
glabella (g) moves forward while alare (al) regress back. Figure modified from Pessa [12].

It has to be recognised however that two
studies contradict Lambros’s theory. The
results indicated by these studies suggested
that there was no overall change in the fixed
bony skeleton in the anteroposterior direction
as seen in aged individuals [13, 14]. Changes
could only be detected on the maxilla body
without involving the orbital rims [14]. The
different results of these studies may be due to
different  measurement  methods.  The
Lambros’s theory [12] and female Computed
Tomography (CT) scan data [15] do suggest
that the glabellar angle decreases as a person
gets older. The glabella angle decreases the
most with middle age males.

The orbital aperture width of both males and
females increases significantly with age [13,
16, 17]. Changes could be seen on the superior
and inferior orbital rim when the
measurements were obtained medially [16].
The overall area of the orbits increases in size
with the increase in size in the superior and
inferior orbital margin [10]. The increase in
orbital size is also supported by another
research on orbital volume with the aid of CT
scan on participants between 18 to 40 years
old [18].

The maxilla and mandible are not excluded
from remodeling throughout the person’s
lifetime. Coleman [19], stated that the maxilla
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and mandible reduced in height, but no
timeframe was provided. The height of the
mandible and maxilla bone in the Frankfurt
horizontal (FH) plane increases between 22
and 33 years old [20] and between 30 and 40
years old age group [21]. A study on three
different age groups (17, 47 and 57 years old
subjects) showed that the maxilla and
mandible increase in height between 2 and 3
mm [22]. The ageing process is greatly
pronounced in edentulous individuals as the
mandible and maxilla bones reabsorb due to
the missing teeth. However, if teeth are
present, the maxilla and the mandible will
remain relatively the same morphology [9].
Studies on the maxilla and ageing have been
conducted by numerous authors [10, 12-17,
19, 23-25]. The anterior portion of the
zygomatic arch becomes slender with age as
old age individuals exhibit a compressed arch
[11].

Muscles of Facial Expression and Ageing of
the Muscles

Renaissance artists such as Leonardo da Vinci,
Michelangelo and Andrea del Verrochio were
the first to record their studies on wax models
[26]. Duchenne (late 19" century) studied the
action and location of each muscle by
stimulating muscles on test subjects faces with
electricity [27]. From 30 years old onwards,



there is a 1% muscle loss per year with
increase in age which is mainly due to atrophy
[1]. Muscles grow weaker due to death and the
lower ability to contract the remaining muscle
cells [1]. The finite amount of cell division is
due to the length of the cell’s telomere [28].
The specific amount of time a cell can divide
before it stops dividing due to the telomere
reaching its critical length is called the
Hayflick limit [29]. Aesthetically, individuals
will appear flabby in appearance due to
muscle loss with the lack of muscle usage
[30]. Bone joints will appear larger and areas
between the joints will become thinner due to
muscle loss [30].

Skin and Skin Ageing

The skin is the largest organ of the human
body creating a barrier between internal
organs and the outside world. It weighs six
pounds, roughly 2 mm thick and made out of
two layers (epidermis and dermis) with one
layer of fat (hypodermis) [31]. The epidermis
does not contain collagen fibres therefore has
little tensile strength [32]. The dermis located
inferior of the epidermis is a fibrous protein in
nature and contains appendages which include
eccrine glands, blood vessels and nerves [32].

The skin will eventually lose its elasticity and
wrinkles will manifest with age. The change is
shown with the slower cell division in the
stratum germinativum and the flattening of the
epidermal-dermal interface [33]. The loss of
subcutaneous also contributes to the increased
ageing process [33]. For menopausal women,
the lack of oestrogen reduces the activity of
the sweat and sebaceous glands which in turn
makes the skin more susceptible to trauma and
wounds heal slower [1]. Skin sagging is
common for aged individuals with the
diminishing of the skin collagen. The lack of
collagen makes the skin coarser, less elastic
and cross-link [30]. Sagging skin is one of the
causes of facial wrinkles. The effects of skin
ageing based on chronological age starting
from 30 years onwards have been documented
by several researchers [34-37].

Ageing and Face Analysis

Early research on ageing with lateral head
plates of the same individuals from child to
adulthood shows that the chin and nose
become more pronounced in adult faces [38].
Sexual dimorphism could be detected in the
nasal, chin and mouth area with females
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having smaller faces compared to males [39].
Correlation between the soft-tissue
components and the skeletal structure was
found in a study on lateral cephalograms of
170 orthodontic patients [40]. However, the
findings from Halazonetis [40] were not
replicable by another research utilising lateral
cephalographs [41]. It is however possible to
differentiate occlusion of Class | and Class Il
in facial profile but harder between Class |
and Class Il [41].

Research shows that people are better at
estimating the age of unknown individuals
when the individual is closer to the person’s
own age [42]. However, when skin texture is
removed, people tend to underestimate the
person’s age [42]. In another research on 250
Chinese women aged between 25 and 70 years
old in Shanghai, the authors found that large
discrepancies of up to 29 years for women
with the same chronological age [43]. The
highest age association were found when
hyperpigmentation and wrinkles were used as
identification cues [43]. Skin hydration, colour
and trans-epidermal water loss (TEWL) does
not aid in age identification [43]. A study on
Caucasian women vyielded slightly different
results, where participants noted that skin
colour, lip border and eye area were the main
indicators of a person’s age with a clear
advantage towards same sex identification
[44]. The differences which exist among
Asian and Caucasian population may be due
to the different cues utilised to predict a
person’s age.

Wrinkles, Furrows, Folds and Creases

The use of wrinkles, furrows, folds and
creases are mostly interchangeable and no
accepted classification exists [45]. A wrinkle
is “a slight ridge in the smoothness of a
surface such as a crease in a skin as a result of
age” [46]. Furrow is defined as “any deep
groove, especially a deep wrinkle on the
forehead” [47]. By anatomy definition, a fold
is a “mark, crease, or hollow made by folding”
[48]. A crease is “a wrinkle or furrow
especially on the face” [49]. In order to
differentiate the term wrinkles and folds,
Lemperle and colleagues defined wrinkles as
creases limited to the dermal layer which can
be cosmetically treated while folds manifest
from an intrinsic ageing laxity of the skin and
sagging [45]. Figure 2 shows the difference
between wrinkles and folds as described by
Lemperle et al. [45].
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Figure 2: Textural changes of facial skin. Figure modified from [45]

Wrinkling pattern differs between racial
groups [50, 51]. However, wrinkles has a
multifactorial cause of origin and subject
recruitment in the research may play a factor
in wrinkle pattern observed [50, 51].

There are two common methods for face
wrinkle categorisation. The first and most
utilised method is carried out with skin casts
or skin replicas [45, 51-53] and rate the
wrinkles based on photos or images [45, 51,
54-60]. Biopsies [54, 61, 62], direct 3D in-
vivo measurements [63] and measurement of
elasticity utilising a cutometer [51, 52, 64]
have also been conducted. As skin replicas
and scales are qualitative analysis (dependent
on the researcher), there does not seem to be a
consensus on the scale utilised for skin
wrinkle measurement. Most researches use “0
to 5” scale where no wrinkles are indicated by
a zero score and severe wrinkling by a five
score [45, 51, 58, 59]. The scales however
vary from a 3-point [55, 56, 60] to a 14-point
scale [56]. The scale preference is researcher
dependent. While it is possible to categorise
images based on photographs of facial
wrinkles, it is impossible for a standardisation
which could be utilised across different
researches. Another problem with relying on a
specific face angle photograph for crease
detection is that the creases are not visualised
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as a whole. Angle of lighting and shadow of
which results from the lighting may make a
fine crease appear deep. As qualitative
analysis is researcher dependent, researchers
may change rating scales while conducting the
test. For instance, if a severe wrinkling face
photograph is obtained from the data pool,
there is a tendency to reclassify images seen
prior to the severe wrinkled face [65].

Quantifiable analysis studying the depth,
number or length of wrinkles have been
conducted by several researchers [55, 57, 62,
66]. However, the 3D measurement of the skin
replicas still needs to be assessed qualitatively
if wrinkles were to be classified based on
severity [45, 53]. Categorisation of face
wrinkles with computer algorithms has also
been carried out [66]. The software
categorises the age based on the number of
creases which is detected on the face and
limited to few parts of the face, rather than
analysing the face as a whole [66]. Table 1
summarises the researches categorising facial
wrinkles. Figure 3 shows the location of the
creases analysed in Table 1 except for the
neck fold. The orbital shape in Figure 3 is not
a specific crease, but an overall crease which
is manifested in old aged individuals with
severe skin laxity.
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Face: full view

Wrinkle/Folds/ Creases present on face

Horizontal Forehead Lines

Vertical Glabellar Line

Periorbital Lines (Crows feet)
Periauricular Lines

Cheek Fold/Wrinkle

Nasolabial Fold

Perioral wrinkles/Upper Lip Lines
Corner of Mouth Lines (Marionette Lines)
Mandibular Folds (Marionette Lines)
ChinCrease

Upper Eyelid

Transverse Nasal Line

I

Orbital Shape

LowerLip Lines

Mental Pit/Crease
Bifid Nose

Figure 3: Location of folds and wrinkles on the human face based on Table 1. Figure modified from
[140] with additional creases added based on the information in Table 1.

From Table 1, it could be said that no
uniformity exists among the grading scales
among different researchers even though
analysing the same crease of interest. The
difference could be seen in the grading of the
horizontal forehead lines by two research
groups [67, 68]. In 2004, “Rated Numeric
Kinetic Line Scale” was invented [68].
However, in 2008, a different scale, called the
“Forehead Lines Grading Scale” was utilised
[67]. Both scales have the same five-grade
rating system and dermatologists were
required to visually score the creases into each
group. The latter study does include the earlier
research in their paper, even though some
similarities ~ between  the  experiment
methodologies exist.
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Facial creases have never been studied from
an identification perspective and most
research focuses on categorisation of wrinkles
based on severity as shown in Table 1. It may
be possible to utilised facial creases as an
identification tool, given the availability of the
creases on the face.

The following paragraphs will concentrate on
the usage of the face in general from an
identification and psychological perspective.
Topics which will be discussed include
photogrammetry, recognition of unfamiliar
individuals and the psychology of facial
identification.



Table 1: Research conducted on facial wrinkles
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Author

Type of Crease/Wrinkle/Folds

Horizontal Forehead Lines

Vertical Glabella Line

Periorbital Lines (Crows Feet)

Periauricular Lines

Cheek fold / wrinkle

Nasolabial Fold

Perioral wrinkles / Upper Lip Lines

Corner of Mouth Lines (Marionette Lines)

Mandibular Folds (Marionette Lines)

Chin Crease
Upper Eyelid

Lower Eyelid

Experiment, No of researchers
making assessments, methods &
notes

(gd = photo wrinkle grade scale;
res/r.p = no. of researchers/ set of
reference photographs;
? = unknown)

*All test carried out on female
participants unless mentioned

[55]

Smoking & wrinkling. Number of
wrinkles, depth, length of wrinkles. 3-
gd. ? res/r.p. Male & Female subjects

[60]

Overall face assessment - 3 res/r.p.
Fitzpatrick skin assessment. 4-gd.
Facial elasticity assessment. 3-gd

[8]

Chronological grading of onset of
wrinkling. 5 & 9-gd. 5 res/r.p.
assessment. 9-gd scale less accurate.
Previous research results combined.

[56]

Pigmented  disorder &  wrinkle
assessment. Chinese vs. European
populations. 14-gd (crows feet), 9-gd
(perioral  wrinkle), 3-gd (glabella
wrinkle)

[45]

Wrinkle Assessment Scale. 6-gd.Skin
replicas. Skin surface depth scanner.
Included wrinkle: Neck fold; ? res/r.p.
Live wrinkle assessment on subjects.

[57]

Tracings on transparent paper on top of
face photograph. Skin replicas of peri
orbital area. Length and number of
creases in test area quantified.

[51]

Survey of Tokyo, Shanghai and
Bangkok. Comparison of 10 year age
group. 5-gd. 1 res/r.p.

[59]

Cheek sagging study. NLF included as
part of study but not measured directly.
6-gd. 7 res/r.p.

[53]

Skin  replicas of crease areas.
Chronological grading of onset of
wrinkling. Effects of UV on various
areas of the face.

[63]

Direct 3D in-vivo measuring system. 9-
gd. ? res/r.p. Test repeated on male
participants as well to measure
accuracy of 3D measuring equipment.

[141]

Skin roughness analysis as secondary
criterion to visual assessment. Subjects-
Japanese, Chinese & German females.
9-gd. ? res/r.p.

[66]

Computer algorithms used to analyse
the forehead, cheeks, infraorbitals, and
periorbital region. No qualitative
assessment of the type of crease
analysed.

[52]

Measured elastic properties of the skin.
Measure roughness & elasticity using
skin replica & cutometer.

[54]

Korean women; UV aging with skin
biopsy at buttock & face; 8-gd. ? res/r.p
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Author  Type of Crease/Wrinkle/Folds

Horizontal Forehead Lines

Vertical Glabella Line

Periorbital Lines (Crows Feet)
Periauricular Lines

Cheek fold / wrinkle

Nasolabial Fold

Perioral wrinkles / Upper Lip Lines
Corner of Mouth Lines (Marionette Lines)

Mandibular Folds (Marionette Lines)

researchers
methods &

Experiment, No of
making assessments,
notes

(gd = photo wrinkle grade scale;
res/r.p = no. of researchers/ set of
reference photographs;
? = unknown)

*All test carried out on female
participants unless mentioned

Lower Eyelid

Chin Crease
Upper Eyelid

[142]

Wrinkle, hyperpigmentation &
yellowing observed. 10 gd; 7 res/25 r.p.

[67] )

Forehead Lines Grading scale created
from frontal face photograph; 5-gd 9
res/35 r.p.

[68] )

Rated Numeric Kinetic Line Scale
developed. Ability to assess during rest
and muscle contraction. 5-gd; 11 res/20
r.p.

[62] .

Skin surface replicas of 10 male & 10
female cadavers analysed digitally at 3
sites. Histology tests of wrinkles made
as well.

[143] .

Predicting renal function based on
crow’s feet wrinkles. 5-gd. 1 res/? r.p.
178 subjects

[144] .

Infraorbital crease classified. four

different 6-gd 4 res/253 r.p.

[145] .

Modified Fitzpatrick Wrinkle Scale
(MFWS) 7-gd. 5 res/r.p.

[146] .

Wrinkle  Severity  Rating  Scale

(WSRS); 5-gd.; 5 res/30 r.p.

[147] .

Smoking and crow’s feet. 5-gd.; 1
res/25r. p.

[148] e

Forehead wrinkles based on facial
expression. 6-gd; 3 res/50 r. p.

[65] ° . .

Research includes brow scale for brow
positioning; scales based on
photographs 5.g.d; ? res./35 r. p.. No
amount of validators obtained from
conference stated

[149] .

The Genzyme 6-point Grading Scale; 6-
gd; 13 res/46 r.p.

[43] ° ° °

. RW Johnson Pharmaceutical Research
Institute scale; 10-gd; 2 res/250 r.p.

[150] ° ° .

° Includes neck folds. Skin aging atlas,
Asian type 7-gd; ? res/354 r.p.

® Area tests were conducted
Photogrammetry

Photogrammetry is a technique utilised to
compare the proportional relationships
between two photographs. The common
problem facing practitioners when employing
this method include the differences between
the control and the target image. Differences
include the lighting conditions, angle of the
face, age of the photograph may not be recent
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o Data included but no direct test conducted

and the differences in facial expression [69].
Lens distortion between the target image and
the control image too may distort the shape of
the face [69, 70]. However, it is possible to
carry out facial mapping from a similar
viewing angle even though exact angle is
unobtainable [71]. Vanezis and Brierley [71]
have suggested that poor quality images may
be useful than higher quality images if the
face angle of the poor quality image is similar



with the target image. However, if possible,
obtaining the best image quality is better when
carrying out facial mapping as more minute
features could be compared between the
questioned and the supplied images.

Life-size photograph is needed for skull-to-
photo superimposition [72]. The technique has
been studied in depth by numerous authors
[69, 71, 73-89]. In order to obtain good skull-
to-photograph superimposition, it is vital to
have a common reference point between the
skull and the ante-mortem photograph.
Whenever possible, the teeth should be
utilised as reference points as they are robust
to the elements and detectable on both ante-
mortem photograph and skull. In a smile or
laughing pose, the incisors and canines could
be detected on an ante-mortem photograph
[81]. Teeth as reference points have been
detailed in previous literature [79, 81, 84]. The
face and skull have to be similar in angle in
order for successful superimposition [72, 80,
89].

Recognition of Unfamiliar Individuals

Familiar faced individuals could be identified
faster compared to unfamiliar individuals [90].
Bruce et al. [91] first documented that people
are poor at identifying unfamiliar faces. The
findings have been replicated by other
researchers trying to probe why humans are
unsuccessful at identifying unfamiliar faces
[92-101]. People could only identify
unfamiliar neutral face in frontal view around
70% of the time and the identification
performance rate drops when facial expression
and different face angles were introduced as
the target images [91]. As faces become more
familiar, the eye shifts from viewing external
to internal features of the face [102, 103].
Eyes are the most viewed internal part of the
face [104-106] regardless of familiarity [102].
A research conducted with a 30 second video
clip and static face images shows that the
viewing shifted from the external to the
internal features of the face after three days of
face familiarisation [104]. Conditioning in
noticing internal features could also be seen in
communities where external features appeared
similar. Research on Egyptian adults showed
that they were better at recognising internal
features of people within their own
community [107]. External features could not
be utilised as an identifying features as
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Egyptian girls generally wore headscarves
[107].

There are several studies comparing experts
and laypeople in identifying unfamiliar faces
[98, 108, 109]. The lack of more studies in
this area may be due to the small amount of
experts available for meaningful comparison
research to be carried out. In a study
comparing the identification performance of
50 professionals and 50 laymen, no difference
was noted in performance between the two
groups in identifying faces [108]. Other
studies which do show an advantage towards
the expert have low number of experts
recruited for the experiment (less than five
individuals) compared to the high amount of
layperson (more than 20) [98, 109]. There is
also no consensus favouring one sex group
identification based on the internal features of
the face [110].

Psychology of Face Identification

Reviews on the recognition of unfamiliar
faces have been carried out by several authors
[111-113]. Hancock et al. [111] has classified
factors which affect face recognition under
lighting and negation, configuration and
distinctiveness and viewpoint and orientation.
Johnston and Edmonds [112] added factors
such as inversion, internal and external
features of the face while Sinha et al. [113]
mentions face recognition from a computer
vision perspective. Factors affect face
recognition include other-race effect [114,
115], face movement [116-121] and quality of
the image [122].

A face which is more distinctive is more likely
to be remembered [111, 112]. However, it is
known that repeated viewings of the face will
make it more easily remembered [101, 123].
People pay more attention to the internal
features of the face for familiar faces [124]
and rely on external features (such as hair,
beard ears and shape of the face) when
recognising unfamiliar faces [91, 105]. Hair
style is the highest mentioned verbal feature
mentioned by participants when viewing
unfamiliar faces, followed by eyes and nose
[125, 126]. Summary of the features
mentioned by participants utilised as an
identifying feature could be seen in Figure 4.
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Figure 4: Relative frequencies which the principal facial features mentioned in face description ([126]

in [125]).

A study on frontal view of famous individuals
showed that the internal features were
recognised better than external feature of the
face [127]. In a study on celebrity faces,
internal features were recognised better as a
whole or segmented into pieces compared to
the external features as a whole [127]. Results
of this research could be seen in Figure 5. An
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unfamiliar face becomes a familiar face
following repeated viewings of the face and
repeated viewings from different angles [128].
Own-race identification has been shown to be
superior compared to different race
identification as people are more familiar with
faces from their own race [114, 115, 129-137].

Example of face stimuli

Cycles bitween oy

Full

resnlution

Figure 5: Recognition performance across different image resolution. The dash lines show the sum
between internal and external features. Figure modified from [127].
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Limitations of utilising facial creases from
an identification perspective

One of the reasons why facial creases have
never been studied from an identification
perspective may be due to the fact that creases
are mobile in nature. Unlike other internal
organs of the face such as the nose, eyes and
mouth, facial creases change with expression
of the face. Also, categorisation of facial
creases such as in Table 1 is not a practical
solution as creases are unique in morphology.
A study on Black South African male
population which classifies the nasolabial fold
based on length [138] shows the problems of
having a scale. In the research, the nasolabial
fold was categorised as long, short and fold
absence. While it is possible to categorise the
crease, it does not explain the morphology of
the crease. The second challenge is the fact
that in order to obtain meaningful comparison,
the target crease image must be of high quality
as the captured image. Images obtained from
CCTV footage captured from a distance away
and at high locations [139] will not provide
any meaningful data for comparison.

Conclusion

Facial creases are mostly researched from a
severity perspective and not from an
identification perspective. Human
identification remains largely a subset of
psychology. However, no research from the
psychology perspective has included facial
creases as an identification  feature.
Identification based on internal features of the
face tends to concentrate more on organs such
as eyes, nose and mouth rather than facial
creases. Facial creases are not a specific organ
but results from the folding of the skin. Facial
creases are themselves fine in structure and
may not be detectable if the target image is of
poor quality. Creases such as the nasolabial
fold and the forehead creases are large
structures which could be utilised in
identification. A crease, when distinct enough
could be utilised in unfamiliar face
recognition to evoke memory recall by
subjects who are viewing the face. Facial
creases are considered internal features of the
face hence should be incorporated in future
research where internal features are utilised as
part of the identification cue. It is hoped that
with this article, more emphasis is placed
upon the usage of facial creases as an
identification tool.
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