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Abstract

Background: Analysis of facial proportions is essential during the planning and execution of reconstructive surgery to
achieve a pleasing aesthetic outcome. These proportions are derived from the neoclassical canons which have long been
used as a guide for surgeons in numerous disciplines involving the facial region. Baseline anthropometric data describing
these proportions is scarce for Kenyans of Indian descent. Therefore, this study aims to establish anthropometric norms
and to test the validity of 4 neoclassical canons.

Methods: Using direct anthropometric landmarks, 3 vertical and 4 horizontal measurements were made on the faces of
130 adult Kenyans of Indian descent. The mean of each anthropometric measurement was calculated, and a student t-test
was used to identify significant gender differences. These results were compared to 4 neoclassical canons and the
percentage of each canon and its variants were recorded. A chi-square test was then performed to assess any gender
differences between these findings.

Results: When comparing between sexes, the anthropometric means of males were larger than those of females except
for eye fissure length. In addition, only the upper third displayed sexual dimorphism. As for the neoclassical canons, the
orbital canon was found to apply to 20.0% of males and 21.6% of females, followed by the naso-oral canon found in 16.4% of
males and 17.6% of females, and the orbito-nasal canon present in 14.5% of males and 18.9% of females. The vertical canon
was not found to be applicable to any participant.

Conclusion: The facial morphometric measurements in this population differ from the described neoclassical canons since
they do not apply to the majority of these individuals. Therefore, surgeons should be guided by the observed population-
specific differences during reconstructive and facial aesthetic surgery.

Keywords
anthropometry, proportions, neoclassical canons, Indian Kenyans, normative values

facial clefts, or reconstructive procedures resulting from
trauma or cancer.®’ The value of these anthropometric
measurements is accentuated in cases of bilateral trauma
or disease, in which no contralateral point of reference
can be used.®

Several studies have investigated the application of
neoclassical canons in numerous groups such as the
American Caucasians, African Americans, and Thai among

Background

The ancient Greeks created realistic human sculptures de-
rived from proportions that were guided by a set of “rules”
known as Canons.' These canons are based on the hy-
pothesis that fixed ratios exist between various parameters
of the face. Leonardo Da Vinci and Albrecht Durer de-
scribed the neoclassical canons. These were derived from
the vertical thirds and horizontal fifths of the face which are
regarded as the precursors of modern-day anthropometric

indices.” Numerous disciplines such as orthognathic sur-
gery, plastic surgery, and orthodontics utilize these mea-
surements to attain a symmetrical and harmonious soft
tissue relationship between the facial features.* In
addition, they act as an essential guide for surgeons
during the repair of congenital defects such as cleft lip,

Department of Human Anatomy, University of Nairobi, Nairobi, Kenya
Department of Oral and Maxillofacial Surgery, University of Nairobi,
Nairobi, Kenya

Corresponding author:
Krishan Sarna, Department of Human Anatomy , University of Nairobi,
P.O. Box 30197-00100, Nairobi, Kenya, Email krishnasarna@gmail.com


https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/19433875221077005
https://journals.sagepub.com/home/cmt
https://orcid.org/0000-0003-4369-093X
mailto:krishnasarna@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1177%2F19433875221077005&domain=pdf&date_stamp=2022-01-19

Craniomaxillofacial Trauma & Reconstruction 0(0)

Upper third

Middle third

Lower third

Figure 1. The vertical canon. tr: trichion, n: nasion, sn: subnasale, gn: gnathion.

others.” '!" The results reveal that facial proportions vary
greatly from one another, and it is, therefore, important to
note that the facial norms of one population differ in
comparison to another when geographical, ethnical, and
racial variations exist. In such a case, there may be a high
risk of a poor surgical outcome that is not aesthetically
appealing to the patient.” Furthermore, beauty to some
point lies in the eyes of the beholder; therefore, surgical
principles in aesthetic and reconstructive surgery are guided
by patient expectations, facial canons, and anatomic
limitations. '

To date, normative anthropometric measurements for
Kenyans of Indian descent largely remain inaccessible, and the
need to develop local data cannot be overemphasized.
Therefore, the current study aims to establish the baseline
facial anthropometric measurements to determine the validity
of 4 neoclassical canons in this population.

Materials and Methods

This study was approved by the KNH-UON Ethics and
Research Committee. Participation was voluntary, and
measurements were conducted only after the informed
consent form was signed.

A total of 130 Kenyan of Indian descent were divided
into 2 groups consisting of 66 males and 64 females who
were all aged between 20 to 35 years. All anthropometric
measurements were made using a digital electronic sliding
caliper (VINCA DCLA-0605) with the unit system in

millimeters. During data collection, the participant was
asked to remain seated with the Frankfort horizontal plane
parallel to the ground.

All measurements were obtained using methods described
by Farkas.'® The vertical measurements included the upper
third (¢-n), middle third (n-sn), and the lower third (sn-gn).
The horizontal measurements taken were the intercanthal
distance (ICD) (en-en), eye fissure length (EFL) (ex-en),
nasal width (NW) (al-al), and mouth width (MW) (ch-ch).
These 7 anthropometric measurements produced 4 canons;

® Vertical canon (tr-n=n-sn=sn-gn) where the upper
third, middle third, and lower third are all equal
(Figure 1).

® Orbital canon (en-en=ex-en) where the ICD is equal
to the EFL (Figure 2).

® Orbito-nasal canon (en-en=al-al) where the ICD is
equal to the NW (Figure 2).

® Naso-oral canon (/.5(al-al) =ch-ch) where the MW is
one and a half times that of the NW (Figure 3).

The statistical analysis was carried out using SPSS (IBM
statistics version 26), and descriptive statistics were computed
for each variable. A student t-test was performed to compare
these means between the 2 genders and a p-value of P <.05
was considered to be significant. The percentages of each
canon and its variants were then calculated. A chi-square test
was then employed to identify significant differences between
genders. The level of significance was set to p < .05.
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Figure 2. The orbital and orbito-nasal canons. ex: exocanthion, en: endocanthion, al: alare, EFL: eye fissure length, ICD: intercanthal

distance, NW: nasal width.

Results

Comparison of Mean Anthropometric
Measurements Between Males and Females

The present study establishes the baseline facial anthro-
pometric measurements for both male and female Kenyans
of Indian descent summarized in Table 1. Comparisons
reveal that all measurements in males were greater than
those of females except for EFL; however, this particular
finding was not statistically significant between the 2 sexes.
The upper third and lower third on the other hand were both
found to be significantly greater in males when compared to
females (p < .05).

Neoclassical Canons and Their Variants Among
Kenyans of Indian Descent

The results show a diverse variation of measurements from
the neoclassical canons, and the percentage of each has been
summarized in Table 2. The results for the vertical canon
show that the vertical thirds of the face were not equal in any
case. Instead, the majority of males had a larger upper third
compared to the middle third (50.9%), while females had a
larger middle third than the upper third (48.6%). These
results show sexual dimorphism was present in this canon (p
<.05). A high percentage of both males and females (54.5%
and 43.2%, respectively) had a greater lower third than
middle third. In addition, the lower third was found to be
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Figure 3. The naso-oral canon. al: alare, ch: oral commissure.

Table I. Mean anthropometric measurements of males and females.

Mean (Std Deviation) 95% ClI
Measurements in Millimeters (mm) Males Females P-value Lower Upper
Upper third (tr-n) 63.15 (9.81) 58.57 (7.67) <.05 —7.62 —1.53
Middle third (n-sn) 60.82 (7.13) 59.54 (6.56) > .05 —3.68 1.12
Lower third (sn-gn) 63.53 (8.53) 60.54 (7.23) <.05 —5.75 -.23
Nasal width (al-al) 37.31 (6.44) 35.04 (6.70) > .05 —4.59 .05
Mouth width (ch-ch) 54.38 (7.90) 54.22 (6.53) > .05 —2.68 2.35
Intercanthal distance (en-en) 32.73 (4.61) 31.30 (3.92) > .05 —-2.92 .06
Eye fissure length (ex-en) 36.64 (4.75) 36.84 (6.02) > .05 -1.74 2.15
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Table 2. Percentage distribution of neoclassical canons and their
variants.

Canons Males Females P-value
Vertical Canon
tr-n = n-sn = sn-gn 0.0 0.0
tr-n = n-sn 73 23.0 < .05%
tr-n > n-sn 50.9 284
tr-n < n-sn 41.8 48.6
n-sn = sn-gn 14.5 243 .3075
n-sn > sn-gn 30.9 324
n-sn < sn-gn 54.5 43.2
tr-n = sn-gn 17.4 14.9 4524
tr-n > sn-gn 40.8 324
tr-n < sn-gn 41.8 52.7
Orbital canon
ex-en = en-en 20.0 21.6 .8342
ex-en > en-en 67.3 68.9
ex-en < en-en 12.7 9.5
Orbito-nasal canon
en-en = al-al 14.5 18.9 5774
en-en > al-al 16.4 10.8
en-en < al-al 69.1 70.3
Naso-oral canon
ch-ch = [.5(al-al) 16.4 17.6 .3852
ch-ch > [.5(al-al) 32.7 43.2
ch-ch < 1.5(al-al) 50.9 39.2

greater than the upper third in both genders (41.8% of males
and 52.7% of females). However, sexual dimorphism did
not exist between these parameters (p > .05).

The orbital canon was observed in only 20% of males
and 21.6% of females. In both genders, the EFL was found
to be greater than the ICD. The results show that no sex
difference was observed (p > .05).

As pertains to the orbito-nasal canon, the majority of
both males and females were found to have a higher NW in
comparison to ICD. A mere 14.5% of males and 18.9% of
females were found to conform to this canon. There was no
significant difference between males and females (p > .05).

The naso-oral canon was found to be present in 16.4% of
males and 17.6% of females. In males, the MW was less
than 1.5 times the NW, while in females, it was greater than
1.5 times the NW. However, no sex differences were ob-
served between these results (p > .05).

Discussion

Facial analysis is the primary step in the evaluation of
patients prior to facial surgery for aesthetic or reconstructive
purposes.'* Considering that the face is one of the most
variable regions of the body, it is essential that clinicians
understand the unique morphology of the patients’ ethnic
group before initiating any treatment.

The validity of the neoclassical canons in Kenyans of
Indian descent and a comparison with other populations

The vertical canon (f-n = n-sn = sn-gn) was not ap-
plicable in our study s since the vertical thirds were not
equivalent. The majority A majority of both males (54.5%)
and females (52.7%) had a larger lower third compared to
the upper and middle thirds. This finding is similar to that
observed in African Americans, North American Whites,
Indians, Greeks, and the Chinese.!®!'*!® This trend was
also observed in the Turkish, Egyptian, and Saudi males;
however, females of these populations had a greater upper
thi1;(51 li7n comparison to the other 2 vertical thirds (Table
3).>

In the present study, the orbital canon (ex-en = en-en)
was found to apply to 20% of males and 21.6% of females
and therefore, was not valid in this population. Instead,
majority (67.3% of males and 68.9% of females) had a
greater EFL than ICD (ex-en > en-en). Similar trends have
been observed in the Indian and Saudi populations.'®'”
Farkas et al. found the orbital canon to apply to 33% of
North Americans and 13% of African Americans only. In
the latter study, 73% of participants were found to have
greater ICD than EFL.'° In addition the Egyptians, Turkish
and Chinese populations also followed this trend which
stands in stark contrast to the findings of this study."

The orbito-nasal canon (en-en = al-al) was present in
14.5% of males and 18.9% of females. However, this canon
applied to 41% of North American whites, 30% Turkish
males, and 21% Turkish females which is far greater than
that observed in the current population.'> In our study, a
higher NW compared to the ICD (en-en < al-al) was found
to be most prevalent (in 69.1% and 70.3% males and fe-
males, respectively). These findings are in contrast to the
Saudi, Turkish, Indian, African Americans, and Southern
Chinese groups in which the ICD was found to be greater
than the NW.>!%-15-17

As pertains the naso-oral canon (ch-ch = 1.5(al-al)), it
was valid in 16.4% of males and 17.6% of females. The
most common variant was the narrow MW with a wide nose
(ch-ch < 1.5(al-al)) in males. This variant has been found in
100% of the Vietnamese, 98.3% of Thai, and 96.7% of
Singapore Chinese.'® However, the most prevalent variant
in North American whites was a wide MW with a narrow
nose (ch-ch > 1.5(al-al)) observed in 60.2%, while in the
present study, 43.2% of females were found to have this
variant.'?

The clinical importance of these measurements and
proportions is their use as critical guides during surgical
reconstructive and aesthetic procedures and as an important
database for forensic identification.'” In facial surgery,
determination of any unusual disproportion of the face with
the help of these indices is invaluable.’ Several studies have
demonstrated the differences in parameters and indices that
exist between various ethnic groups and geographical
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locations.'™'>'® Sex differences in facial anthropometry
have also been identified and are known to influence the
parameters.'*° Thus, a single anthropometric norm of a
population is inadequate and should not be used as a
generalization across other populations.?' By obtaining the
parameters and indices for a specific group, it is possible to
then tailor the reconstructive and aesthetic surgeries as near
as possible to what the actual facial morphology should be
in the respective ethnic groups.

Conclusion

In conclusion, the normative anthropometric measurements
were established for Kenyans of Indian descent and the
applicability of 4 neoclassical canons was tested. It was
found that facial morphometric measurements in the study
population differed from the described neoclassical canons.
In addition, significant ethnic differences were observed
when compared to various population groups. Therefore
surgeons should be guided by the observed population-
specific differences during reconstructive and facial aes-
thetic surgery.
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