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Abstract
Background: In the absence of clear guidelines for facial aesthetic surgery, most surgeons rely on expert intuitive
judgement when planning aesthetic and reconstructive surgery. One of the most famous theories regarding “ideal”
facial proportions is that of the golden proportion. However, there are conflicting opinions as to whether it can be
used to assess facial attractiveness. The aim of this investigation was to assess facial ratios of professional black
models and to compare the ratios with the golden proportion.
Methods: Forty photographs of male and female professional black models were collected. Observers were asked
to assign a score from 1 to 10 (1 = not very attractive, 10 = very attractive). A total of 287 responses were analysed
for grading behaviour according to various demographic factors by two groups of observers. The best graded
photographs were compared with the least well-graded photographs to identify any differences in their facial
ratios. The models’ facial ratios were calculated and compared with the golden proportion.
Results: Differences in grading behaviour were observed amongst the two assessment groups. Only one out of the
12 facial ratios was not significantly different from the golden proportion.
Conclusions: Only one facial ratio was observed to be similar to the golden proportion in professional model facial
photographs. No correlation was found between facial ratios in professional black models with the golden
proportion. It is proposed that an individualistic treatment for each ratio is a rather better method to guide future
practice.
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Background
For many years, there has been an interest in elucidating
whether beauty is an objective, measurable concept, or indeed as many support, whether it lies subjectively in the
“eye of the beholder”. Beauty very much affects one’s life,
both in personal relationships, where Berscheid et al. [1]
advocated that humans attribute positive qualities to attractive faces and negative ones to unattractive people, but
also in their professional lives, where less attractive adults
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are perceived as having fewer qualifications and potential
for career success. It is therefore important and relevant
to investigate if facial aesthetic appearance is possibly
modifiable with scientific and measurable practices in
modern surgery, rather than being an arbitrary concept
and matter of personal preference.
One of the most famous concepts regarding facial
beauty is that of the golden proportion. This geometrical
proportion is identified when “a straight line AB is divided at point C in such a way that AB/AC = AC/CB”
[2]. It has been hypothesized that the Greek sculptor
Phidias used it for the design of the Parthenon in Athens
for dedication to the Greek goddess Athena [3], though
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there is no firm evidence to support this claim [2]. Later
in the twentieth century, the mathematician Mark Barr
attributed the term “Phi” for this golden proportion [3].
It has also been claimed that Renaissance artists used
this proportion in their paintings and sculptures, most
famously Leonardo da Vinci, in his painting “The Last
Supper” [3], though, again, there is no firm evidence to
support this claim, and it does not appear in any of
Leonardo’s own notebooks [2]. It has long been questioned, amongst artists and clinicians, whether the
golden proportion may correlate with facial beauty.
During the twentieth century, there have been many attempts to examine any relationship between the golden
proportion and perceived facial attractiveness. Ricketts [4],
in 1982, through the use of frontal and lateral cephalometric radiographs, devised 12 facial ratios, which complied
with the golden proportion in faces that he then considered “ideal”. Since then, other published papers have
agreed with this result amongst various populations [5, 6],
and it is now a popular belief that it can be applied in the
facial aesthetics industry. This has also led to the creation
of many beauty applications, such as overlaying “masks”
over facial photographs to assess the subjects’ degree of facial beauty in terms of its approximation to the mask, all
based on the golden proportion [7].
However, there is also conflicting evidence regarding
this correlation. The faces of professional models have
not always been found to fit the golden proportion [8],
and for patients undergoing orthognathic surgery, whilst
most subjects were perceived as more attractive after the
operation, the proportions were as likely to move towards or away from golden proportions [9]. Furthermore, studies assessing the prevalence of the golden
proportion in the general population rather than just attractive faces [10] found that whole populations may indeed exhibit some facial ratios that are similar to golden
proportions; therefore, this proportion may indeed be a
facial ratio that many faces exhibit rather than a specific
measurement that correlates with beauty.
The aim of this investigation was to assess whether
a relationship between the golden proportion and perceived attractiveness exists in 2D images of professional black models. Furthermore, the study aimed to
investigate proportional ranges of facial ratios in professional black models, which may provide further insights for planning facial aesthetic and reconstructive
surgery.

Methods
Subjects and sample selection

The sample photographs used were acquired from modelling agencies on social media platforms and used strictly
for research purposes [11]. The sample taken was randomized according to the order found, rather than being
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selected. For this investigation, 40 photographs, 20 males
and 20 females, were selected. These were all adult professional black models and the selection process was based
on the following criteria:
– Inclusion criteria: The absence of noticeable
asymmetry or craniofacial anomalies. Furthermore,
the photographs had to be full-face against a white
background, with subjects facing forwards with neutral facial expression.
– Exclusion criteria: Any visible scar from trauma or
previous facial surgery, apparent loss of tooth
structure, and presence of any inanimate objects
(piercings, glasses, headbands, etc.) that could cover
facial areas.
After the photographs were acquired, they were uploaded
into an online survey on SurveyMonkey® and resized to be
seen clearly by the participants. As only proportional facial
ratios were calculated, and not exact linear distances, photographs did not have to be of a standardized distance from
the camera during sample selection. The online survey that
participants received included the aims of the study and was
voluntary; anonymous and only demographic data (age, gender, ethnicity and profession) were gathered. The survey was
then forwarded to university students and orthodontists.
Participants were asked to act as an evaluation jury, through
appointing an aesthetic evaluation of the face ranging from 0
to 10 (0 = not attractive, 10 = very attractive). A total of 287
responses were gathered, and the photographs of the models
who received the highest frequency of high grades (8, 9 or
10) were considered “best graded models” and the ones with
the lowest frequency “not well-graded models”.
Anthropometric facial measurements

For each sample of the photographs, the Ricketts [4]
method was used to measure the golden proportions in the
vertical and horizontal facial planes (Fig. 1). Table 1 indicates the seven facial reference landmarks that were used.
The measurements were carried out using a Facial Ratio Calculator, Python®, whereby the appropriate landmarks may be inserted, and the facial measurements and
ratios described in Tables 2 and 3 obtained. This was
performed to reduce the chances of measurement errors
from individual human measurements.
Using the above measurements, different ratios were
calculated in the horizontal and vertical planes, which
were then compared with the golden proportion. The
following ratios were calculated in the horizontal and
vertical planes:
Horizontal ratios
Intertemporal/intercanthal
Intercanthal/intercheilion
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Fig. 1 a Horizontal measurements (see Tables 1 and 2). b Vertical measurements (see Tables 1 and 3)

Interalae/interdacryon
Interalae/nose width
Intercheilion/interdacryon
Intercheilion/interalae
Vertical ratios
Forehead height/intereye-interalae
Forehead height/stomion-soft menton
Ala-soft menton/stomion-soft menton
Intereye-interalae/interalae-stomion
Intereye-soft menton/ interalae-soft menton
Intereye-soft menton/intereye-stomion

were used to perform statistical tests and create graphs. It
is estimated that for the study to have 95% power to detect
between-group differences with a 6% margin of error, a
sample of 260 responses would be needed. A total of 287
responses were gathered. The data were tested for normality and then parametric or non-parametric tests applied as
appropriate.
The statistical significance in inter-gender, inter-age and
inter-professional differences was calculated using the
chi-squared test. Furthermore, significant statistical differences of ratios between the best graded (higher frequency
of high scores) and least well-graded photographs were

Statistical analysis

SPSS Statistics for Windows, Version 21.0 (Armonk,
NY:IBM Corp. Released 2012), Minitab v16 (Minitab Inc.,
USA) and Microsoft Excel (Microsoft Corporation, USA)
Table 1 Definition of facial landmarks

Table 2 Definition of horizontal facial measurements (see
Fig. 1a)
Horizontal
anthropometric
measurements

Definition

1. Intercanthal

The horizontal measurement from the left
lateral canthus to the right lateral canthus.

2. Interdacryon

The horizontal measurement between the
eyes from the left dacryon to the right
dacryon

3. Interalae

The horizontal measurement between the
left lateral rims of the ala of the nose to the
right lateral rim of the nose

Anthropometric
landmark

Definition

Lateral canthus

The most lateral point where the superior and
inferior eyelids meet

Soft tissue dacryon

The most medial point where the superior
and inferior eyelids meet (i.e. medial canthus)

Soft tissue borders of
temporal bone

Most lateral borders of the face in the
temporal region

4. Intercheilion

Lateral alae

The most lateral points on the rims of the
wings of the nose

The horizontal measurements from the left
cheilion to the cheilion of the mouth

5. Intertemporal

Cheilion

The point located at each lateral oral
commissure, i.e. the angle of the mouth

Soft tissue menton

The most inferior midline point of the soft
tissue chin

The horizontal measurement from the soft
tissue lateral border of the left temple to the
soft lateral tissue lateral border of the right
temple measured along a line that passed
through the estimated location of the
supraorbital foramen.

Trichion

The midline point at the junction of the
hairline and forehead

6. Nose width (nasal
dorsal width)

The horizontal measurement of the width of
the nose in the region of the bony dorsum
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Table 3 Definitions of vertical facial measurements (see Fig. 1b)
Vertical anthropometric
measurements

Definition

Forehead height (vertical
measurement 1)

Trichion to the line bisecting the
intertemporal line

Vertical measurement 2

Intereye point to soft menton
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Table 5 Comparison of facial ratios between best graded and
least well-graded male and female models
Female models
Ratio

Best graded
photograph
medians

Least wellgraded
photograph
medians

p value

(Intereye point: The midpoint of the
intercanthal measurement)

Intertemporal/
intercanthal

1.305

1.295

> 0.001

Vertical measurement 3

Intereye point to stomion

1.913

> 0.001

Intereye point to ala point
(Ala point: The midpoint of the interalae
measurement)

Intercanthal/
intercheilion

1.938

Vertical measurement 4

Interalae/interdacryon

1.051

1.080

> 0.001

Interalae/nose width

2.092

1.975

> 0.001

Vertical measurement 5

Ala point to stomion

Vertical measurement 6

Ala point to soft menton

Intercheilion/
interdacryon

1.445

1.443

> 0.001

Vertical measurement 7

Stomion to soft menton

Intercheilion/interalae

1.421

1.344

> 0.001

Forehead height/
intereye-interalae

1.453

1.667

< 0.001*

Forehead height/
stomion-soft menton

1.439

1.534

< 0.001*

Ala-soft menton/
stomion-soft menton

1.649

1.717

> 0.001

Intereye-interalae/
interalae-stomion

1.523

1.265

< 0.001*

Intereye-soft menton/
interalae-soft menton

1.573

1.544

> 0.001

Results

Intereye-soft menton/
intereye-stomion

1.582

1.597

> 0.001

Inter-sex, inter-age and inter-professional grading
disparities

Male models
Ratio

Best graded
photograph
medians

Least well-graded
photograph
medians

p value

Intertemporal/
intercanthal

1.288

1.314

> 0.001

Intercanthal/
intercheilion

1.824

1.753

> 0.001

Interalae/interdacryon

1.099

1.291

< 0.001*

examined using the Mann-Whitney test. All ratios of the
model photographs were then compared with the golden
proportion using Wilcoxon signed rank test, and then for
these ratios, an estimated confidence interval was calculated to produce a numerical range of the ideal ratio for
each facial feature (using the median values of the models’
facial ratios). All graphs produced from these results were
created with Microsoft Excel.

Table 4 illustrates the chi-squared analysis of grading of participants based on various demographic classifications. As
shown in the table, the differences in grading of both black
female and black male photographs between male and
female participants were only just significant (p < 0.05).
Regarding the age group disparities, two age groups were
compared (under 45 years old and over 45 years old), where
there were also found to be significant inter-age grading disparities (p < 0.05). Lastly, there were also statistically significant differences amongst student grading and orthodontists
grading (p < 0.05).
Best graded photographs and least well-graded
photograph disparities

Table 5 highlights the statistical comparison of each facial ratio between the best graded and least well-graded
Table 4 Differences in beauty perception of male and female
models according to participants’ gender, age and profession

Interalae/ nose width

1.908

2.115

< 0.001*

Intercheilion/
interdacryon

1.614

1.709

< 0.001*

Intercheilion/interalae

1.450

1.337

< 0.001*

Forehead height/
intereye-interalae

1.247

1.423

< 0.001*

Forehead height/
stomion-soft menton

1.077

1.345

< 0.001*

Ala-soft menton/
stomion-soft menton

1.640

1.708

> 0.001

Intereye-interalae/
interalae-stomion

1.471

1.162

< 0.001*

Intereye-soft menton/
interalae-soft menton

1.541

1.506

> 0.001

1.646

1.634

> 0.001

Demographic data
compared

Female models
(p value)

Male models
(p value)

Gender

< 0.05*

< 0.05*

Age

< 0.05*

< 0.05*

Intereye-soft menton/
intereye-stomion

Profession

< 0.05*

< 0.05*

*Significant differences of ratio between the two sets

*Significant differences between the groups compared
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photographs with the aim to identify any statistical significant differences in the ratios, which may then correlate with facial beauty.
In the black female group, three out of the 12 ratios demonstrated significant difference between facial ratios when
comparing the best graded and least well-graded photographs, namely the forehead height/intereye-interalae, forehead height/stomion-soft menton and intereye-interalae/
interalae-stomion (p < 0.001). In the black male group, seven
out of the 12 facial ratios demonstrated statistical significant
differences, namely the forehead height/intereye-interalae,
forehead height/stomion-soft menton and intereye-interalae/
interalae-stomion, which were also significantly different in
the female group, but also interalae/interdacryon, interalae/
nose width, intercheilion/interdacryon, and intercheilion/
interalae (p < 0.001).
Compliance of facial ratios with the golden proportion

Table 6 illustrates the comparison of all facial ratios of
each group in comparison to the golden proportion
using a Wilcoxon test. Considering that the samples selected were all professional models promoted in social
media, a median value was found for each facial ratio for
the two groups. Out of the 12 ratios, only one of them
was similar to the golden proportion (intereye-soft menton/intereye-stomion, p > 0.05), whilst the rest all demonstrated statistically significant differences (Fig. 2).
Proposal of “ideal” facial ratios

Using the median values, in which the majority appears
not to correlate with the golden proportion, it was possible to calculate the confidence interval regarding where
the value of each facial ratio lies (Table 7). To do this,
the median value of each ratio from the whole sample
was used. This is because the median value of male and
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female models was closely similar (Table 6), and thus
calculating different confidence interval for each gender
would not necessarily provide a different result or be
clinically relevant or significant. The results illustrate that
there may be an “ideal” range for each facial ratio (Fig. 3).

Discussion
Inter-sex, inter-age and inter-professional grading
disparities

The concept of golden proportions being related to facial
beauty is not new, and it is still proposed by some artists
and sculptors as being a requirement of beauty [2].
Recently, a meta-analysis by Langlois et al. [12] published
in the American Psychological Association found that facial attractiveness is a “variable” that is highly consistent
between people’s judgements within and across cultures
and thus established that irrespective of people’s ethnicity
and cultural background, there is agreement about who is
and is not attractive. This was also supported by Coetzee
et al., who provided further evidence for strong cross-cultural agreement in facial aesthetics [13].
Previous investigations on facial aesthetics and the
perception of beauty are extremely important; however,
the subject requires modern evaluation due to the potential for changing perceptions over time. For example,
female nudes from Renaissance art and sculpture would
be considered potentially overweight by modern societal
standards, but were appealing during their time, perhaps
because a higher body mass was linked with wealth and
high socioeconomic status.
Gender influence

We observed a difference between male and female grading
of black professional models that was just significant
(p < 0.05). This is consistent with the previous work

Table 6 Comparison of facial ratios of male and female black models with the golden proportion (1.618)
Ratio

Black female model median

Female p value

Black male model
median

Male model p value

Intertemporal/intercanthal

1.314

< 0.001

1.313

< 0.001*

Intercanthal/intercheilion

1.903

< 0.001

1.773

< 0.001*

Interalae/interdacryon

1.063

< 0.001

1.17

< 0.001*

Interalae/nose width

2.159

< 0.001

1.968

< 0.001*

Intercheilion/interdacryon

1.443

= 0.002

1.606

p = 0.695

Intercheilion/interalea

1.386

= 0.001

1.377

< 0.001*

Forehead height/intereye-interalae

1.552

= 0.173

1.303

< 0.001*

Forehead height/stomion-soft menton

1.519

= 0.05

1.176

< 0.001*

Ala-soft menton/stomion-soft menton

1.708

= 0.002

1.691

< 0.001*

Intereye-interalae/interalae-stomion

1.408

= 0.006

1.352

< 0.001*

Intereye-soft menton/interalae-soft menton

1.566

= 0.022

1.531

< 0.001*

Intereye-soft menton/intereye-stomion

1.591

= 0.151

1.639

0.323

*Significant differences of ratio between the facial ratios and the golden proportion
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Fig. 2 Mean ratios

performed by Broer et al. [14], which showed disagreement between male and female preference in lip
and chin projections.
Profession influence

Nevertheless, discrepancy when rating facial characteristics was also just statistically significant (p < 0.05) between the results observed between orthodontists and
students. This partly contradicts the work published by
Broer et al. as in their study it was observed that male
plastic surgeons in Brazil agreed with lay people regarding aesthetic perceptions [14]. It is worth mentioning
that discrepancies were found between female plastic
surgeons and laypeople in Brazil [14].
Age influence

After conducting this investigation, it was found that age
is indeed a variable that appears to influence attractiveness judgement but this only just reached statistical
Table 7 Median and range of each facial ratio of professional
models
Ratio

Median

Min

Max

Intertemporal/intercanthal

1.314

1.191

1.556

Intercanthal/intercheilion

1.833

1.583

2.089

Interalae/interdacryon

1.116

0.550

1.459

Interalae/ nose width

1.992

1.357

3.174

Intercheilion/interdacryon

1.50

1.050

2.033

Intercheilion/interalea

1.389

1.188

1.909

Forehead height/intereye-interalae

1.432

0.832

2.222

Forehead height/ stomion-soft menton

1.344

0.774

2.051

Ala-soft menton/stomion-soft menton

1.701

1.535

1.909

Intereye-interalae/interalae-stomion

1.350

1.031

2.045

Intereye-soft menton/ interalae-soft menton

1.544

1.423

1.744

Intereye-soft menton/intereye-stomion

1.600

1.458

1.864

significance (p < 0.05). A statistically significant disparity
in the subjects’ grading behaviour was observed in the
two groups compared: those younger than 45 and those
who were 45 and above (p < 0.05).
Investigators have so far studied differences on the beholder’s age for facial characteristics preferences by comparing the preferences of infants or young children with
adults, establishing that children as young as 3 months
old can discriminate between unattractive and attractive
faces [15, 16]. In 1992, Kolb et al. indicated similarities between the performance levels of 8 to 13-year-old children
with adults with frontal lobe injury, in an expression
matching task [17]. Consequently, scientists suggested
that some frontal lobe regions implicated in this task may
have not yet matured by this age [18]. This work has provided useful evidence for the presence of developmental
factors in various aspects of face processing, since the
frontal lobes are regions in the human brain which are
subject to great modifications during development [18].
However, previous studies attributed frontal lobe underdevelopment for difference in rating behaviour, whereas
this difference in this study is also found in adults with
fully matured and functional frontal lobe. Further research
in this intriguing area of facial aesthetics and perception
psychology will be significant to elucidate how the mind
perceives beauty.
Various rating methods for beauty preference exist, including the traditional pair comparison method [19–21],
where participants choose between two faces, as this is a
lot easier than the rating method [22–24] which is more
commonly used today, to measure facial attractiveness.
For this study, we used the rating method as we were interested in older individuals’ perceptions. Furthermore,
by using the rating method, we can further analyse our
data as we will be able to identify the best rated images
and the least rated images and analyse their differences
in facial characteristics. In this way, we can identify
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Fig. 3 Ideal range for each ratio (95% CI)

proportions that are more appealing and compare them
with the golden proportions. After conducting an
in-depth literature review, we were not able to find information on how different adult age groups judge facial
attractiveness, and for this reason, we decided to choose
age groups that have not been studied before as there is
the possibility of identifying important correlations in
different age groups from the ones already studied.
All in all, attractiveness is a subjective measure and to
date many variables have been identified that influence
people’s perceptions. In our study, we discussed three
main variables: gender, age and profession. It appears that
all three play a role in perception of attractiveness. It is
important, however, to note that these results have not
taken into account that age may affect the profession, and
vice versa. Further research, including all relevant factors
such as age, ethnicity and cultural factors, should be performed to further explore the combined impact of all
aforementioned parameters [14].
Disparities in best graded versus least well-graded
photographs

This study examined the presence of disparities in best
graded photographs in comparison with the least wellgraded photographs, and we identified statistical differences
in several of the facial characteristic ratios used for facial
analysis. It is worth mentioning that to date, there are no
studies examining the presence of such disparities in black
individuals. According to our findings, black males showed
statistically significant differences in seven out of the 12
ratios used for facial analysis (interalae/interdacryon,
interalae/nose width, intercheilion/interdacryon, intercheilion/interalea, forehead height/intereye-interalae, forehead
height/stomion-soft menton, intereye-interalae/interalae
-stomion). In black females, significant differences were
present in just three out of the 12 ratios (forehead height/

intereye-interalae, forehead height/stomion-soft menton,
intereye-interalae/interalae-stomion). Interestingly, the
disparities observed in black females were present in black
males, and therefore, we can conclude that there may be
agreement for these ratios and perceived attractiveness,
according to the people rating the photographs, regardless
of the gender of the models. In other words, these three
facial characteristics may partly determine attractiveness
in both black males and black females.
Milutinovic et al. indicated the importance of an attractive smile as the single most important factor in an
aesthetically pleasing face, for making a positive first impression [25]. The fact that females with a smaller face
[25], as well as other features such as small chins [26]
and noses [27] were perceived as more attractive, is also
stated in the literature making it likely that attractiveness
is affected by different facial features [25–27]. The literature also illustrates that feminine traits are perceived as
more attractive by both males and females [27]. This study
examined the presence of disparities in best graded photographs in comparison with the least well-graded photographs, and we identified statistical differences in several
of the facial characteristic ratios used for facial analysis.
Further research should be undertaken to evaluate and
further investigate these findings. Attractiveness is
greatly appreciated by society, and this is partly because
the media continuously project attractive people and
therefore create the idea that attractiveness is seen as
more socially acceptable [28]. As the facial proportions
discussed in this article are a fundamental part of facial
aesthetics, continuous research in this area is invaluable,
making it possible for clinicians to advance the understanding of facial attractiveness, and exactly what are the
parameters that make each face attractive. It is known
that an aesthetically pleasing face is associated with
greater confidence and self-esteem [29].
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Comparison of facial ratios with the golden proportion

Despite the common perception that beauty is a subjective
experience [4], it is relevant for one to have clear guidelines
that gauge aesthetic facial surgery to provide a consistent
and accurate result for each patient. Evidence-based guidelines are not currently used in practice. Previous investigations have studied the correlation between Ricketts’ facial
ratios and the golden proportion, resulting in conflicting
evidence regarding the topic [8–10]. To the best of the authors’ knowledge, this is the first study to examine this correlation of facial attractiveness and the golden proportion
in a black population, as all studies that have been carried
out were focused on Caucasian populations.
These results of discordance of facial rations with the
golden proportion agree with some relevant literature.
In one study, Brazilian women were initially evaluated
according to their facial attractiveness and then compared with the golden proportion, and no correlation
was found between perception of beauty and the golden
proportion [30]. A more recent study investigating the
same topic conducted by Rossetti et al. [31] also concluded that the attractive female and male facial ratios
did not correlate with the golden proportion. These results also agree with research conducted on European
male and female facial proportions by Bashour [32].
Therefore, there appears to be modern research suggesting that the golden proportion cannot be applied in aesthetic facial surgery to provide consistency of results
both in Caucasian and black populations.
Our results contradict findings from previous literature
that illustrated that attractive faces tend to conform with
the golden ratio compared to non-attractive ones. The relationship between attractive female faces and the golden
proportion has also been studied by Marquardt, who created an “ideal” mask, deriving from fashion models, using
the golden ratio [33]. However, this has been found to be
an inaccurate and biased method to predict attractiveness
[34]. As illustrated by Holland, as there are so many facial
ratios one is bound to find correlations amongst some ratios with the golden ratio, making it an inherently biased
method of predicting attractiveness [34]. Medici et al. [6]
used facial photographs, which were modified according
to the golden ratio and then ranked by judges regarding
their attractiveness. It was found that the photographs
with ratios that were closer to the golden proportion
tended to be perceived as more attractive; however, the
participant size was relatively small (12 judges involved)
so the results have low statistical power. Pancherz et al.
[5] also evaluated facial photographs of professional
models and compared them with non-professional facial
photographs, concluding that facial ratios of professional
models tend to be closer to the golden proportions than
non-professionals. However, as well as low statistical
power, these studies demonstrate that some authors
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identify ratios “close to” the golden proportion as positive
evidence of a link between this ratio and facial beauty.
Proposal of ideal facial ratios

The results of this investigation demonstrate that the facial proportions of professional black models do not accurately fit the golden proportion. It is therefore relevant
to identify whether any proportions are correlated with
facial attractiveness, which may subsequently guide facial
aesthetic surgery according to a specific guideline. Several other studies have tried to identify the ideal facial
ratios to produce guidelines for future aesthetic surgery
[25, 35], but these published studies only have a focus
on the ideal facial shape in terms of height and width rather than identifying every individual ratio and its ideal
range.
This study uniquely identifies that each facial ratio appears to be individualistic and needs to be treated separately
from the others rather than attempting to find one proportion that will fit all. More specifically, the most attractive
horizontal ratios found were as follows (p < 0.05): intertemporal/intercanthal 1.314 (1.115 to 1556), intercanthal/intercheilion 1.852 (1.583 to 2.089), interalae/interdacryon 1.099
(0.550 to 1.459), interalae/nose width 2.026 (1.33 to 3.174),
intercheilion/interdacryon 1.479 (1.050 to 2.033) and intercheilion/interalaa 1.390 (1.188 to 1.909). The most attractive vertical ratios found were as follows (p < 0.05): forehead
height/intereye-interalae 1.410 (0.811 to 2.222), forehead
height/stomion-soft menton 1.346 (0.676 to 2.051), ala-soft
menton/stomion-soft menton 1.699 (1.467 to 1.909),
intereye-interalae/interalae-stomion 1.357 (0.912 to 2.139),
intereye-soft menton/interalae-soft menton 1.540 (1.342 to
1.806) and intereye-soft menton/intereye-stomion 1.613
(1.458 to 1.864).
These findings may eventually help towards generating
guidelines for aesthetic and reconstructive surgeons for
patients of different ethnic backgrounds. It should be
noted that most of the facial ratios evaluated in attractive male and female black subjects do not appear to conform to the golden proportion. It should also be
emphasized that the results of one study are not enough
to claim findings of new proportional canons—further
investigation and dispassionate analysis will be required.
Limitations

The use of a mean to generalize an ideal ratio also may
be considered a limitation, as the harmony of proportions may be more important than strict, hard-ruled ratios, and should be tailored to each individual patient.
Further research to consolidate the validity of the proposed ratios found in this study should be undertaken.
This can be done through performing a similar methodology to a wider set of pictures or through modifying
pictures according to these ratios and inviting
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participants to grade them before and after the modification. The data in this study was based on 2D images.
Furthermore, we have assumed that no digital manipulation of the images had been undertaken by the models
or their agency. 3D imaging and/or adopting standardized medical photographic techniques could influence
the results.

Conclusions
Perceptions of attractiveness between various demographic data of age, gender and profession demonstrated
statistically significant differences between both groups.
Comparison of best graded models with the not so
well-graded models demonstrated differences in three of
the 12 facial ratios in the female group, and in male
models, seven out of the 12 ratios illustrated significant
differences between the two groups. Only one of the 12
facial ratios was found to correlate with the golden proportion both in male and female professional models.
For every facial ratio, an “ideal” range was found,
illustrating the need for individualistic treatment of each
facial ratio, and a requirement for improved understanding of the potential link between facial attractiveness and
proportions.
Availability of data and materials
Please contact the author for data requests.

Authors’ contributions
FBN conceived the study. FBN, AM and MI designed and coordinated the
study. ZAB collected the data. DW and VA undertook the statistical analysis.
All authors helped to complete the manuscript and read and approved the
final manuscript.

Ethics approval and consent to participate
Ethical approval was obtained: REC (University of Jordan) ref. no: 3393/2017/19.

Consent for publication
The subject in Fig. 1 provided written consent for his image to be published.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
London and South East Foundation School, London, UK. 2St George’s
University of London, London, UK. 3Department of Orthodontics and
Pediatric Dentistry, School of Dentistry, University of Jordan, Amman, Jordan.
4
Bloomberg LP, London, UK. 5Faculty of Science, Engineering and
Computing, Kingston University, London, UK. 6Maxillofacial and
Odontostomatology Unit, School of Dentistry, University of Milan, Milan, Italy.
7
Kingston and St George’s Hospitals and St George’s Medical School,
Blackshaw Road, London SW17 0QT, UK.

Page 9 of 10

Received: 9 July 2018 Accepted: 25 July 2018

References
1. Berscheid E, Dion K, Walster E, Walster GW (1971) Physical attractiveness and
dating choice: a test of the matching hypothesis. J Exp Social Psychol 7:
173–189
2. Naini FB (2011) Facial aesthetics: concepts and clinical diagnosis. WileyBlackwell, Oxford
3. Meisner G (2012) History of the Golden Ratio. https://www.goldennumber.
net/golden-ratio-history/. Accessed 20 Dec 2016
4. Ricketts RM (1982) Divine proportion in facial esthetics. Clin Plast Surg
9:401–422
5. Pancherz H, Knapp V, Erbe C, Heiss AM (2010) Divine proportions in
attractive and nonattractive faces. World J Orthod 11:27–36
6. Medici FE, Martins MV, dos Santos da Silva MA, Castilho JC, de Moraes LC,
Gil CT (2007) Divine proportions and facial esthetics after manipulation of
frontal photographs. World J Orthod 8:103–108
7. Marquardt Beauty Analysis (2014) Repose Frontal Mask Application.
http://www.beautyanalysis.com/beauty-and-you/you-and-the-mask/
repose-frontal-mask-application/. Accessed 20 Dec 2016
8. Moss JP, Linney AD, Lowey MN (1995) The use of three-dimensional
techniques in facial aesthetics. Semin Orthod 1:94–104
9. Baker BW, Woods MG (2001) The role of the divine proportion in the
esthetic improvement of patients undergoing combined orthodontic/
orthognathic surgical treatment. Int J Adult Orthodont Orthognath Surg
16:108–120
10. Anand S, Tripathi S, Chopra A, Khaneja K, Agarwal S (2015) Vertical and
horizontal proportions of the face and their correlation to phi among
Indians in Moradabad population: a survey. J Indian Prosthodont Soc
15:125–130
11. Intellectual property office (2011) Copyright exceptions for research,
education, libraries, museums and archives. Copyright Acts and Related
Laws No:1372, July 2011
12. Langlois JH, Kalakanis L, Rubenstein AJ, Larson A, Hallam M et al (2000)
Maxims or myths of beauty? A meta-analytic and theoretical review. Psychol
Bull 126:390–423
13. Coetzee V, Greeff JM, Stephen ID, Perrett DI (2014) Cross-cultural agreement
in facial attractiveness preferences: the role of ethnicity and gender. PloS
one. https://doi.org/10.1371/journal.pone.0099629
14. Broer PN, Juran S, Liu YJ, Weichman K, Tanna N, Walker ME, Ng R, Persing JA
(2014) The impact of geographic, ethnic, and demographic dynamics on
the perception of beauty. J Craniofac Surg 25:157–161
15. Langlois JH, Roggman LA, Casey RJ, Ritter JM, Rieser-Danner LA, Jenkins VY
(1987) Infant preferences for attractive faces: rudiments of a stereotype? Dev
Psychol 23:363
16. Samuels CA, Ewy R (1985) Aesthetic perception of faces during infancy. Br J
Dev Psychol 3:221–228
17. Kolb B, Wilson B, Taylor L (1992) Developmental changes in the recognition
and comprehension of facial expression: implications for frontal lobe
function. Brain Cogn 20:74–84
18. Kissler J, Bäuml KH (2000) Effects of the beholder’s age on the perception of
facial attractiveness. Acta Psychol 104:145–166
19. Luce RD (2005) Individual choice behavior: a theoretical analysis, dover
publications Inc. Courier Corporation, New York
20. Thurstone LL (1927) The method of paired comparisons for social values. J
Abnorm Soc Psychol 21:384–400
21. Suppes P, Krantz DH, Luce RD, Tversky A (1989) Foundations of
measurement volume II: geometrical, threshold, and probabilistic
representations. Dover Publications Inc., New York
22. Bäuml KH, Schnelzer M, Zimmer A (1997) The influence of inversion on the
judgment of facial and non-facial attributes. Acta Psychol 96:27–42
23. Meerdink JE, Garbin CP, Leger DW (1990) Cross-gender perceptions of
facial attributes and their relation to attractiveness: do we see them
differently than they see us? Percept Psychophys 48:227–233
24. Rhodes G, Tremewan T (1996) Averageness, exaggeration, and facial
attractiveness. Psychol Sci 7:105–110
25. Milutinovic J, Zelic K, Nedeljkovic N (2014) Evaluation of facial beauty using
anthropometric proportions. Sci World J. https://doi.org/10.1155/2014/428250
26. Rhodes G (2006) The evolutionary psychology of facial beauty. Ann Rev
Psychol 57:199–226

Mantelakis et al. Maxillofacial Plastic and Reconstructive Surgery (2018) 40:20

27. Kendra S, David M, Ashok S (2008) Computation of a face attractiveness
index based on neoclassical canons, symmetry, and golden ratios CSE
journal articles. Pattern Recogn 41:2710–2717
28. Sforza C, Laino A, D’Alessio R, Grandi G, Binelli M, Ferrario VF (2009) Softtissue facial characteristics of attractive Italian women as compared to
normal women. Angle Orthod 79:17–23
29. Borelli C, Berneburg M (2010) Beauty lies in the eye of the beholder?
Aspects of beauty and attractiveness. J Dtsch Dermatol Ges 8:326–330
30. Peron APLM, Morosini IC, Correia KR, Moresca R, Petrelli E (2012)
Photometric study of divine proportion and its correlation with facial
attractiveness. Dental Press J Orthod 17:124–131
31. Rossetti A, De Menezes M, Rosati R, Ferrario VF, Sforza C (2013) The
role of the golden proportion in the evaluation of facial esthetics.
Angle Orthod 83:801–808
32. Bashour M (2006) An objective system for measuring facial attractiveness.
Plast Reconstr Surg 118:757–774
33. Marquardt SR (2002) Dr. Stephen R. Marquardt on the golden decagon and
human facial beauty. Interview by Dr. Gottlieb. J Clin Orthod 36:339–347
34. Holland E (2008) Marquardt’s phi mask: pitfalls of relying on fashion models and
the golden ratio to describe a beautiful face. Aesthet Plast Surg 32:200–208
35. Pallett PM, Link S, Lee K (2010) New “golden” ratios for facial beauty. Vis Res
50:149–154

Page 10 of 10

