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SUMMARY This study used anthropometric data in the form of Farkas’ proportion indices in order to quantify
facial attractiveness, and to relate measured change through surgery, to clinical judgement. Standardized
photographs of 15 orthognathic patients were used in album form and rated by 10 experienced clinicians:
album 1 for facial attractiveness (before surgery) and album 2 for improvement in facial attractiveness
(before and after surgery). Twenty-five proportion indices were selected and linear measurements
recorded from the pre- and post-surgical photographs. The corresponding change in indices and in
clinicians’ scores were compared.

The clinicians’ assessment of the degree of improvement in facial appearance achieved through
surgery, related closely to the scores produced by the change in proportion indices (r = 0.698, P=0.004).
Clinical assessment demonstrated a clear inverse relationship between initial attractiveness rating and
the degree of improvement achieved through orthognathic surgery (r = -0.781, P = 0.001). The results
showed good repeatability in terms of clinical assessment, photography and digitization. The method
would appear to have potential for further development, possibly into a ‘facial attractiveness index’ for

the objectives of quantification of improvement achieved through treatment.

Introduction

The ability to quantify facial appearance and any
improvement achieved through treatment, would clearly
help in the objective assessment of treatment quality. It
would also be useful in monitoring growth changes.
Currently, attempts at the objective assessment of facial
appearance involve panels, in which rating or ranking by a
group of professional or lay individuals is undertaken. The
validity of this method depends on the notion that the panel
will reach a reasonable level of agreement; fortunately,
there is convincing evidence that high levels of agreement
amongst panellists are usually obtained (Thakera and
Iwawaki,1979; Bernstein et al., 1982; Maret and Harling,
1985; Patzer, 1985, 1994). Good levels of agreement have
also been reported in studies of attractiveness amongst
patients with a cleft lip and palate deformity (Tobiasen and
Hiebert, 1988). However, whether clinical judgement is
assessed using a Likert scale (Okkerse et al., 2001; Ritter
et al., 2002) or a visual analogue scale (VAS; Russell et al.,
2001) or whether ranking, rather than rating methods are
used (Phillips et al., 1992; Roberts-Harry et al., 1992), the
organizational difficulties involved in assembling panels
make it an impractical method for everyday clinical use.
Additionally, the large number of variables involved in
establishing panels have been seen to influence the
assessments, e.g. the gender of either the raters, or those being
rated (Richardson, 1970; Tobiasen, 1987; Okkerse et al.,
2001) or the age of the raters and/or those rated has been

found to provide different results in some studies (Richardson,
1970; Tobiasen, 1987; Tobiasen and Hiebert, 1988). Whether
the assessment panel should consist of professionals or
members of the public can be an issue, as some studies have
found differences in levels of judgement (Cochrane et al.,
1999; Lines et al., 1978). Other investigations involving
dental appearance have shown that the socio-economic
status of the raters can also have an effect (Howells and
Shaw, 1985). These difficulties, together with the problem of
assessing the consistency of attractiveness ratings at one
sitting, make it desirable to find a less cumbersome and
perhaps more valid, method of assessment.

It has been shown that the common denominator shared
by those individuals consistently judged to be the most
attractive, is the fact that their facial proportions tend to be
relatively near to the mean of the population, within their
racial group (Symons, 1979; Langlois and Roggman, 1990;
Strzalko and Kaszycka, 1991; Grammer and Thornhill,
1994). Whilst ‘averageness’ is not the sole factor involved
inattractiveness (Alley and Cunningham, 1991; Cunningham
et al., 1990; Perrett et al., 1994), it would appear to be one
of the most important factors. Accordingly, if averageness is
important in facial aesthetics, then average facial proportions
could provide the basis for a quantitive assessment for
aesthetics. A great deal of highly relevant data representing
mean proportions is available through the extensive work of
Farkas (1994) and Farkas and Munro (1987). This evidence
derives from the Toronto anthropometric growth study,
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involving manual measurements, carried out during the
years 1967 to 1984 and involving over 2500 individuals
(Farkas and Munro, 1987). The resultant data has been used
to provide a ‘battery’ of individual facial ratios, presented as
proportion indices (Farkas and Munro, 1987), simply
involving two linear measurements, the smaller expressed
as a percentage of the larger. One hundred and sixty seven
such indices, involving cranial and facial measurements are
incorporated in this work. Manual anthropometry requires a
considerable level of proficiency based on experience
(Kolar and Salter, 1997) and is rather time-consuming, so
alternative methods have been sought, primarily involving
the use of photography (Vegter et al., 1997; Becker and
Svensson, 1998; Berger et al., 1999; Vegter and Hage,
2001). Such photographic techniques have been shown to
be entirely valid, providing the points chosen are readily
identifiable (Farkas ez al., 1980) and the correct photographic
technique is used. Vegter et al. (1997) demonstrated the
way in which changes in proportion indices effected by
treatment can be used to record aesthetic improvement. It
would seem that the potential exists for developing this
principle further.

Accordingly, the aim of this study was to identify whether
there might be a use for Farkas’ proportion indices as an
indicator of facial appearance:

1. By identifying pre- and post-treatment changes in a
battery of proportion indices to quantify the overall
change produced by surgical-orthodontic treatment, in a
selected group of patients.

2. To relate the magnitude of change (identified by the pre-
and post-treatment proportion indices scores) to clinical
judgement.

3. To identify a possible facial index for ‘quantifying’
changes in attractiveness, based on the proportion indices
data.

Subjects and methods

Facial photographs of orthognathic patients formerly treated
in the maxillofacial unit at Queen Mary’s Hospital,
Roehampton, London, UK were identified. Standardized
full face and profile photographic prints of 15 Caucasian
patients were used (9 male, 6 female; age range 2044
years, median 22 years), the facial images having been
carefully selected to present a range of facial imbalance.
The photographs had all been taken by the same medical
photographer, using a standardized approach (Bengel, 1985;
Claman et al., 1990; Edler et al., 2001).

Clinical assessment

Two albums were constructed. Album 1 consisted of the 15
patients’ pre-treatment photographs, i.e. full face and profile
(4 x 6 inch). The photographs were placed in a random
sequence and a VAS of 100 mm was used for the assessment
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of the attractiveness of the individual. Ten experienced
clinicians, comprising five orthodontists (3 male, 2 female)
and five maxillofacial surgeons (4 male, 1 female) were
asked to rate the series of photographs for facial
attractiveness, using the VAS which extended from ‘very
unattractive’ (low) to ‘very attractive’ (high). The clinicians
were deliberately given ample time to study the images.
After a two-week period, the same clinicians were asked to
repeat their ratings. Album 2 was presented to the same
panellists several months later. Each album consisted of the
same 15 patients images but this time, post-treatment as
well as pre-treatment images were incorporated and an
alternative VAS extending from ‘extreme worsening’ (low)
to ‘extreme improvement’ (high) was used to enable
the clinicians to assess the degree of improvement in
attractiveness, following orthognathic surgery. Again, the
process was repeated two weeks later. All the pre- and post-
treatment photographs in album 2 were deliberately
presented in black and white format, to prevent bias through
artificial alteration in colour.

In order to investigate the relationship between pre-
treatment attractiveness as rated in album 1 and the
subsequent degree of improvement as rated in album 2,
the scores for each patient were ranked and the median
rankings of all the patients in albums 1 and 2 correlated.
Ranked data was investigated instead of actual VAS scores,
since it has been shown that clinicians may vary in their
use of the full VAS range (Phillips et al., 1992). This
allowed relative changes, rather than absolute values, to
be investigated.

Proportion indices

Twenty-five of the proportion indices published by Farkas
and Munro (1987) were used. The basis for selection was
that the landmarks should be reliably identified on
photographs (Farkas et al., 1980) and the resultant indices
be potentially changed by the effects of orthognathic surgery
(Table 1).

The images were imported as bitmap files to an on-screen
digitising program (IPTool; Greenhill ez al., 2000) and those
measurements relevant to the proportion indices were
digitized (Table 1). The digitizations were performed by
one operator (PA), taking approximately 15 minutes per
pair of patient’s photographs. The program has a resolution
of one pixel, for linear measurements.

The clinicians’ assessment rankings were compared
with the measurement of change in Farkas’ proportion
index scores. For each patient, the changes in value for
each of the 25 proportion indices were calculated as
shown in Table 2. These rankings were correlated with
the ranked clinicians’ assessments of treatment change in
three ways.

1. For each patient, the overall change of each of the 25
indices (relative to the mean) was totalled, then the 15
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Table 1 Proportion indices used in the study (Farkas and Munro, 1987).

Index number Name of index

Description

20

21

22

23

24

25

Upper face-face height index
Lower face-face height index

Mandibulo-face height index

Nasion—stomion
Nasion—gnathion
Subnasale—gnathion
Nasion—gnathion

Stomion—gnathion
Nasion—gnathion

Mandibulo-upper face height index Stomion—gnathion

Nasion—stomion

Mandibulo-lower face height index Stomion—gnathion

Subnasale—gnathion

Upper-middle third face depth index Tragion (1)-nasion

Tragion (1)-subnasale

Middle-lower third face depth index Tragion (I)-subnasale

Nasal index

Tragion (1)—gnathion
Alare (r)-alare(l)

Nasion—subnasale

Upper lip height-mouth width index Subnasale—stomion

Chelion (r)—chelion (1)

Cutaneous-total upper lip height index Subnasale—labiale superius

Subnasale—stomion

Vermilion-total upper lip height index Labiale superius—stomion

Subnasale—stomion

Vermilion-cutaneous upper lip height index Labiale superius—stomion

Upper lip vertical contour index

Vermilion height index

Chin-mandible height index

Subnasale-labiale superius
Subnasale—stomion
Subnasale-labiale superius plus
Labiale superius—stomion
Labiale superius—stomion
Stomion—labiale inferius

Sublabiale—gnathion
Stomion—gnathion

Upper face height-biocular width index Nasion—stomion

Intercanthal-nasal width index

Nose-face height index

Nose-mouth width index

Upper lip-upper face height index

Upper lip-mandible height index

Upper lip-nose height index

Lower lip-face height index

Lower lip-mandible height index

Lower lip-chin height index

Exocanthion (r)—exocanthion (1)
Endocanthion (r)-endocanthion(l)
Alare (r)-Alare (1)
Nasion—subnasale
Nasion—gnathion

Alare (r)-alare (1)

Chelion (r)—chelion (1)
Subnasale—stomion
Nasion—stomion
Subnasale—stomion
Stomion—gnathion
Subnasale—stomion
Nasion—subnasale
Stomion—sublabiale
Subnasale—gnathion
Stomion—sublabiale
Stomion—gnathion
Stomion—sublabiale
Sublabiale—gnathion

patients’ total scores were ranked and compared with
their corresponding ranked clinical assessments.

For each patient, the change in index was first divided
by the mean value of that index and then all 25 values
were totalled and ranked and then compared with
the clinical assessments. This allowed the relationship
between the mean value and the expected improve-
ment to be assessed, i.e. to ascertain whether the size
of the index itself might relate to the size of the
change.

3. For each patient, the change in each index was divided
by the standard deviation of that index and then all 25
values were totalled and ranked, prior to comparison
with the clinicians’ rankings. This provided a way of
reducing the influence of those particular indices with a
wide standard deviation.

Repeatability

Clinicians ' ratings: To assess inter-examiner agreement for
both albums, the clinicians individually rated each image on
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Table 2 An example of the proportion indices calculations for one of the 15 patients.

Value Difference
Index number. Pre-surgery Post-surgery Matched Matched Pre-surgery/ Post-surgery/ change; nearer (+) further (—)
Farkas mean Farkas SD Farkas mean Farkas mean to Farkas mean
1 60.88 62.93 61 2 0.12 1.93 —1.81
2 55.59 54.89 59.2 2.7 3.61 431 -0.7
3 40 38.51 41.2 23 1.2 2.69 —1.49
4 65.7 61.19 67.7 53 2 6.51 —4.51
5 71.96 70.16 69.6 2.7 2.36 0.56 1.8
6 94.91 95.68 98.3 2.4 3.39 2.62 0.77
7 78.13 84.79 90.7 2.9 12.57 591 6.66
8 54.72 58.79 65.8 6.8 11.08 7.01 4.07
9 44 48.8 41.1 5.4 2.9 7.7 —4.8
10 72.73 67.21 66.4 6.8 6.33 0.81 5.52
11 25.45 27.87 41.1 7.5 15.65 13.23 2.42
12 35 41.46 64.8 13.6 29.8 23.34 6.46
13 101.85 105.17 92.2 6.2 9.65 12.97 -3.32
14 45.16 48.57 87.8 18.5 42.64 39.23 3.41
15 52.21 56.72 61.9 5.8 9.69 5.18 4.51
16 96.38 98.27 82.9 7.9 13.48 15.37 -1.89
17 86.21 77.32 95.1 25 8.89 17.78 —8.89
18 44.71 46.26 43.7 4.9 1.01 2.56 -1.55
19 69.6 77.6 65.3 4.6 4.3 12.3 -8
20 27.05 26.03 29.5 3 245 3.47 -1.02
21 41.18 42.54 43.8 4.1 2.62 1.26 1.36
22 36.84 354 41.3 4.6 4.46 5.9 -1.44
23 34.39 30.37 26.8 3 7.59 3.57 4.02
24 47.79 43.28 38.7 4.1 9.09 4.58 451
25 91.55 76.32 63.7 13.9 27.85 12.62 15.23
Total 21.32

SD, standard deviation.

two separate occasions and the mean rating was then ranked
with those of the other clinicians. For album 1, each
examiner’s median scores were ranked from 1-15; 1 being
the most attractive individual and 15 the least attractive
(Table 3a). The same procedure was adopted for assessing
inter-examiner agreement for album 2, involving
improvement in appearance (Table 3b).

Photographic technique: Six volunteers (2 male, 4 female,
age range 27-30 years) were photographed on six occasions,
with a two-week interval between each set of photographs
(full-face and profile). The photographs were analysed
using IPTool, in order to compare five linear measurements
and one proportion index (Table 4a).

Digitization: The photographs of six patients from the study
were randomly selected and digitized on six occasions, with
at least a two-week interval between each digitization. On
each occasion, six linear measurements (Table 4b) and one
proportion index (Table 4c) were calculated.

Results
Clinicians’ assessments

Inter-examiner agreement: Tables 3a and 3b present the
ranked data for all 15 patients from the 10 clinicians’

assessments, from both albums. For album 1, it can be seen
that within 2.5 rankings, 8 out of the 10 clinicians agreed,
and within 3.5 rankings there was complete agreement. For
album 2, the median rankings were 8 and 9, respectively.

The result of comparing the clinician’s initial rating of
attractiveness (album 1) with the degree of improvement
through treatment (album 2) is shown in Figure 1. There
was a strong inverse correlation, indicating that those
clinically judged to be the least attractive showed the
greatest improvement (r =—0.781, P = 0.001).

Proportion indices change versus clinical assessment of
change (album 2)

Table 2 provides the data for one of the 15 patients as an
example, showing changes in the 25 indices as a result of
treatment and their relationship to the Farkas mean, matched
for age and gender. Whilst Table 5 shows the three different
ways in which the proportion indices changes were
calculated, Figure 2 shows the correlation (Spearman’s
rank) according to the first of the methods (r = 0.698, P =
0.004), indicating a good level of agreement between
the change of proportion index and clinically judged
improvement in appearance. Correlation, as assessed by the
second method of presenting the changes in indices
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Table 3a Ranked data for the 15 patients’ photographs (album 1) from all 10 clinicians’ assessments.

Patient Clinician
1 2 3 4 5 6 7 8 9 10 Median +2.5 +3.5
1 4 7 8 7 8 12 10 9 7 2 7.5 7 8
2 11 12 2 8 9 11 13 11 10 7 10.5 8 9
3 7 3 5 5 7 8 6 4 5 5 5 9 10
4 13 10 13 13 14 10 14 14 14 12 13 8 10
5 12 8 14 12 11 5 9 5 12 13 11.5 7 8
6 1 6 4 4 3 3 2 1 2 4 3 9 10
7 7 9 6 11 11 7 6 7 11 10 8 7 10
8 10 14 9 10 6 9 5 13 8 11 9.5 6 8
9 3 4 6 3 4 2 3 6 4 6 4 10 10
10 6 5 3 6 5 4 4 8 6 1 5 8 9
11 2 1 2 1 1 1 1 2 1 8 1 9 9
12 14 15 12 14 10 14 12 12 13 15 13.5 9 10
13 9 11 10 9 13 13 11 10 9 9 10 8 10
14 15 13 15 15 15 15 15 15 15 14 15 10 10
15 5 2 1 2 2 5 8 3 2 3 2.5 9 9
Median 8 10
Table 3b Ranked data for the 15 patients’ photographs (album 2) from all 10 clinicians’ assessments.
Patient Clinician Median +2.5 +3.5
1 2 3 4 5 6 7 8 9 10
1 5 6 9 7 10 13 5 11 8 11 8.5 7 9
2 7 2 3 4 11 6 8 5 7 6.5 7 8
3 9 10 12 11 13 10 10 9 11 10 10 9 10
4 1 1 1 1 4 1 1 1 8 1 8 9
5 4 9 6 5 6 12 8 4 6 6 6 8 9
6 14 11 14 13 12 8 12 14 12 15 12.5 9 9
7 10 12 8 15 14 9 8 12 13 9 11 6 9
8 10 2 5 3 5 2 4 5 4 2 4 9 9
9 10 5 2 9 9 7 3 6 9 3 6.5 6 9
10 8 14 11 5 8 14 10 10 7 12 10 6 7
11 13 8 13 13 11 6 15 13 14 13 13 8 8
12 2 7 10 2 2 1 6 2 3 1 2 7 7
13 6 2 3 3 7 5 2 3 2 5 3 8 9
14 3 12 7 10 2 3 13 7 10 4 7 2 5
15 15 15 15 12 15 15 14 15 15 14 15 9 10
Median 8 9
(involving the mean), was r = 0.608, P = 0.016; taking the Discussion

standard deviation of the indices into account, resulted in
the correlation r = 0.603, P =0.017.

Repeatability

Table 4a shows the raw data obtained in assessing
photographic repeatability. As an example, the standard
deviation for repeated measurements of the index Al-Al/
N-Sn was 0.9 (Farkas index = 5.0).

Digitizing repeatability is presented in Table 4b, and again
the standard deviation of repeated measurements of the
proportion index Al-Al/Ch—Ch was 0.59 (Farkas index =
65.3,SD =5.0).

As seen in Figure 1, according to clinical judgement, the least
attractive faces subsequently showed the most improvement
through treatment. These results, based purely on the
clinicians’ assessments (albums 1 and 2), suggest that
individuals who are relatively more attractive to begin with
clearly have less to gain from treatment. These findings are to
be expected, but do not appear to have been identified or
reported hitherto. As may be expected, where the patients
were at the extreme ends of the range of attractiveness,
relatively more clinicians agreed with each other regarding
their attractiveness than those patients who were nearer to
the average.
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Table 4a  An example of linear measurements (cm) taken of one of six individuals for photographic repeatability.
Measurement Photograph Mean Range Median Range/median (%)
1 2 3 4 5 6
Nasion—subnasle 6.13 6.15 6.19 6.41 6.32 6.24 6.24 0.28 6.215 4.51
Tragion—nasion 10.67 10.64 10.47 10.64 10.68 10.63 10.62 0.21 10.64 1.97
Alare—alare 3.47 3.36 34 3.48 3.44 3.48 3.48 0.12 3.455 3.47
Exocanthion—exocanthion 9.25 9.46 9.45 9.29 9.45 9.5 9.5 0.25 9.45 2.65
Table 4b An example of linear measurements (pixels) taken of one patient for digitizing repeatability.
Measurement Digitization Mean SD Median ~ Range difference ~ Range/median (%)
1 2 3 4 5 6
Nasion—gnathion 349 349 347 348 347 346 347.67 1.21 347.5 3 0.86
Tragion—nasion 256 261 256 262 255 259  258.17 293 2575 7 2.72
Sublabiale—gnathion 82 78 79 81 76 73 78.167 3.31 78.5 9 11.5
Alare—alare 89 87 89 89 87 88 88.167  0.98 88.5 2 2.26
Exocanthion—exocanthion 220 225 221 222 221 223 222 1.79 2215 5 2.26
Chelion—chelion 128 124 126 125 124 126 125.5 1.52 125.5 4 3.19
SD, standard deviation.
Table 4c  An example of the proportion index of one patient for digitizing repeatability.
Proportion index Farkas mean and SD  Index Attempt Mean  Median  SD Range
1 2 3 4 5 6
(Alare—alare) x 100/ 65.3 (SD 5.0) 19 69.53 70.2 70.63 71.2 70 69.84 70 70.1 0.592 1.67

(chelion—chelion)

SD, standard deviation.

The degree of improvement as assessed by the clinicians
(album 2) clearly correlated strongly with the changes in
the selected anthropometric proportion indices. This was
confirmed by all three methods of comparison. It is not
possible to compare these findings with the work of
others, since this type of research has not previously been
undertaken. However, the principle of comparing patients’
proportion indices with those representing the mean,
has previously been used by anthropologists (Ward et al.,
1998, 2000). However, in their work, the indices were
essentially used for syndrome diagnosis and the
measurements were obtained by manual anthropometry,
rather than photogrammetry, as in the present study. Using
a conventional photographic approach has the benefit of
wide availability, but the quality of results is very dependent
on the protocol for standardization. Three-dimensional
photographic techniques, such as stereo-photogrammetry,
have the benefit of ease of image capture and also allow

the use of further proportion indices, involving surface
measurements; thisapproachiscurrentlyunderdevelopment.
It is also relevant to point out that facial attractiveness is
dependent on a range of other factors that have not been
considered here, including dynamic proportions, skin
texture and colour, and dental appearance. However, the
topic considered, namely static facial morphology, is clearly
a dominating factor. Caucasians living in the Toronto area
provided the anthropometric data used as a basis for
comparison, so limiting the ethnic sample of the album
images. However, data involving other ethnic groups, for
example black Americans (Ofodile et al., 1993) is gradually
becoming available.

Conclusions

1. There was a clear relationship between the attractiveness
of the patients in album | and the degree of subsequent
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Scatterplot of album 2 median rank versus album 1 median rank
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Figure 1 Clinicians’ ratings of attractiveness (album 1) versus degree of

improvement following surgery (album 2); r =—0.7871, P =0.001.

Scatterplot of album 2 median rank versus Farkas rank
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Figure 2 Rank of clinicians’ assessment of degree of change versus rank
of total change of proportion indices (pre- and post-treatment); r = 0.698,
P =0.004. The total change in proportion indices was ranked, with 1 being

the most positive and 15 the most negative change.
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improvement in album 2, i.e. according to clinical
judgement, the less attractive patients showed the
greatest improvement.

2. There was a strong correlation between proportion
index changes and clinical assessment of improvement
through surgery (album 2), using all three methods of
comparison.

3. There was
repeatability.

4. The results were sufficiently encouraging to suggest that
there may be a use for proportion indices in the objective
quantification of facial attractiveness.

good photographic and digitizing
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Table 5 Treatment change in proportion indices (PI), relative to mean data, matched for age and gender (Farkas and Munro, 1987).

Patient Total change score® Change/mean, totalled® Change/SD, totalled®
1 21.32 41.83 -0.27
2 52.97 94.61 4.29
3 -14.7 9.4 -10.14
4 93.06 149.5 8.57
5 19.73 51.54 4.38
6 15.2 46.04 4.25
7 28.9 59.35 2.2
8 81.05 135.66 8.3
9 113.86 192.1 16.33

10 2.79 11.43 —9.08

11 -30.91 -15.93 3.8

12 15.92 12.59 8.5

13 92.99 159.18 2.2

14 81.83 175.11 11.63

15 -16.2 —8.74 -0.72

r 0.698 0.608 0.603

P 0.004 0.016 0.017

#Overall change in PI values pre- and post-treatment, relative to matched means, totalled. PChange in PI value divided by matched mean, then totalled.
“Change in PI value divided by standard deviation (SD) of matched mean, then totalled.
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