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Abstract

Objectives: The morphology and anatomical relationship of
periorbital features vary according to age, sex and ethnicity. Standard
database regarding periorbital region is available for other ethnic
groups. Since there is no data available in the literature, specifically
for south Indian ethnic adults, the present study was carried out
to determine the normal average values for South Indian ethnic
population related to gender.

Methods: Anthropometric measurements of both eyes were done
on standardized frontal view photograph of 200 South Indian
ethnic adults aged 18 to 26 years. Parameters included were
palpebral fissure width (PFW), palpebral fissure height (PFH),
palpebral fissure inclination (PFI), outercanthal distance (OCD),
interpupillary distance (IPD), intercanthal distance (ICD) and
comparisons were made between the genders using the independent
t test.

Results: Significant sexual dimorphism was noted in the given
parameters. Palpebral fissure width (male: 31.08 mm; female: 29.90
mm), palpebral fissure inclination (male: 5.053°% female: 6.102°),
outercanthal distance (male: 95.55 mm; female: 92.44 mm) and
interpupillary distance (male: 66.72 mm; female: 62.59 mm). The
palpebral fissure height (male: 11.30 mm; female: 11.58 mm) and
intercanthal distance (male: 34.27 mm; female: 33.41 mm) showed
no significant sexual differences.

Conclusion: Statistically significant differences were found between
South Indian ethnic males and female in certain key parameters.
The present study suggests that ethnicity and gender should
be considered in orbital surgery. To individualize the treatment
planning and diagnosis, it is important for the surgeons to have

knowledge of these local norms.
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Introduction

The bilateral orbital region which is located in the upper face
acts as a key determinant in the perception of facial attractiveness,
youthfulness and health. The eye fissure dimensions and interorbital
distance may be altered in facial deformities. To quantify the
deformity, the patient’s measurements have to be compared with the
normal values which are specific for patient’s race, age and sex. There
are certain studies in the literature indicating that the morphology
and anatomical relationship of palpebral fissure varies according
to age, sex and ethnicity.® From the surgical point of view, though
the number of advanced corrective and surgical procedures have
been developed in the field of reconstructive surgery, the lack of
knowledge of the variations in the morphological and anatomical
relationship of periorbital structures among different ethnic groups
may hamper the surgeon’s efforts to retain the ethnical features.”
Thus, the knowledge of anatomic relations, morphology, coupled
with aesthetical criteria of the patient population is a crucial part
of treatment planning to achieve ideal postoperative outcomes,
particularly in bilateral conditions.’? Since the normal data
base of one ethnic group may not represent the others, there is a
requirement for ethnically specific database. A standard database
which gives a normal range of orbital dimension for South Indian
ethnic population would be useful for a wide range of fields in
designing products like optical spectacle frames and lenses to fit
most people.* In areas like ophthalmology, plastic and reconstructive
surgery, the data can be useful in surgical procedures (ocular
prosthetics, Blepharoplasty), diagnostic procedures,* and in studies
involving facial attractiveness.® Anthropometric data for various
ethnic and racial groups have been established in many studies.'*!
Lakshminarayana et al.” have reported the interorbital distance
measurements for South Indian children. However, there are no
data in the literature available specifically for South Indian adults.
The aim of the present study was to analyze the palpebral fissure
dimensions and its position to generate normative values for South
Indian ethnic adults and secondarily to evaluate the association of

sexual dimorphism on these measured parameters.
Methods

A total of 205 South Indian ethnic medical students were
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randomly chosen at Manipal University, out of which 200 subjects
(100 males and 100 females) were evaluated. Five subjects were
excluded from the study as three subjects had a previous history of
periocular trauma, surgery and two were of mixed ethnic origins.
The study was approved by Manipal university ethics committee
(UEC/58/2010). After obtaining informed written consent, the
subjects were photographed in the frontal view with a cannon
model EOS 1000 D SLR camera. A tripod was used for stability
and to correct the height of the camera according to subject’s body
height. The camera was aligned to the axial plane of the eye by an
inbuilt camera grid. A scale bar was framed alongside the subject
to allow the measurement at life size. Then the image was recorded
with standard head position and eyes open in primary gaze.”>* Two
examiners independently measured the predetermined positions on
the standardized photographs using a measuring software (Image J
analyser); the mean of the two examiners’ values was used. A third
reading was taken if the initial two measurements showed a large

discrepancy, and the two closest readings were then considered.

The following measurements were taken on the standardized
photographs:
I. Palpebral fissure measurements (Fig. 1):
Palpebral fissure width (PFW)
Palpebral fissure height (PFH)
Palpebral fissure inclination (PFI)
II. Canthal (Medial and lateral) and interpupillary distances
(Fig. 2):
Outercanthal distance (OCD)
Interpupillary distance (IPD)
Intercanthal distance (ICD)

The mean anthropometrical values of the measurements were
compared between either sexes using the independent t test. The
Technical error measurement (TEM), relative technical error
measurement values (r TEM %) of intra-observer and interobserver,
as well as coefficient reliability (R), were evaluated for all the

measurements.”** A pilot study was done to calculate the sample

size. This was calculated using a standard difference of 0.58, alpha
of 0.05 and a power of 0.9.

Figure 1: Palpebral fissure measurements. PFW = Distance between the medial and lateral canthus; PFH= Distance between inferior margin
of eyelid to superior eyelid margin over the pupil; PFI = Palpebral fissure inclination in degree (angle between intersecting lines, from the horizontal

reference line, drawn through the medial canthi to the lateral canthus).

Figure 2: Canthal (medial and lateral) and interpupillary distance measurements. OCD = Distance between the lateral canthus; [IPD=

Distance between the pupil, ICD = Distance between the medial canthus.
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Results

The mean values of right and left eye fissure were taken together.
The mean values and standard deviation of palpebral fissure shape
and interorbital distance measurements are shown in Table 1. The
intra-observer and inter-observer TEM, r TEM %, Coefhicient of
reliability (R) values are presented in Table 2.

The mean anthropometrical values of the palpebral fissure and
interorbital distance were compared between the two sexes using
the independent t test. The mean value of palpebral fissure width
was 31.08 + 1.79 mm in males and 29.9 + 2.18 mm in females. The
mean value of palpebral fissure height was 11.3 + 1.66 mm in males
and 11.58 + 1.65 mm in females and the palpebral fissure slant
was 5.05 * 2.47° in males and 6.10 + 2.85° in females. The average

outercanthal distance for males and females were 95.55 + 6.39

mm and 92.44 + 5.71 mm, respectively. The average interpupillary
distance for males and females were 66.72 + 3.84 mm and 62.59 +
5.24 mm, respectively; and the intercanthal for males and females
were 34.27 + 3.57 mm and 33.41 + 3.09 mm, respectively. There
was a significant difference in the palpebral fissure width, (p<0.001),
palpebral fissure inclination (p<0.001), outer canthal distance
(p<0.05), and interpupillary distance (p<0.001) between males and
females. There was no significant difference in the palpebral fissure
height (p>0.05) or inter-canthal distance (p>0.05) between the two
sexes.

The intra observer TEM value ranged between 0.12 and 1.1,
while r TEM % ranged between 0.65 and 7.27. Interobserver TEM
values ranged between 0.14 and 0.4, and r TEM % ranged between
0.42 and 4.18. Coefhicient of reliability (R) was high, ranging
between 0.96 and 0.99.

Table 1: Comparison of palpebral fissure and interorbital distance measurements according to gender.

Male (n=100)

Female (n=100)

Measurements p value
Mean (SD) Mean (SD)

1  Palpebral fissure width (mm) 31.08+1.79 29.90+2.18 <0.001
2 Palpebral fissure height (mm) 11.30+1.66 11.58+1.65 p>0.05
3 Palpebral fissure inclination (degrees) 5.05+2.47 6.10+£2.85 p<0.05
4  Outercanthal distance (mm) 95.55+6.39 92.44+5.71 p<0.05
5 Interpupillary distance (mm) 66.72+3.84 62.59+5.24 p<0.001
6 Intercanthal distance (mm) 34.27+3.57 33.41+3.09 p>0.05

Table 2: Intraobserver and interobserver technical error of measurement (TEM), relative TEM % and coefficient of reliability (R).

Intraobserver 1 Intraobserver 2 Interobserver Coefficient of
Measurements
reliability (R)
TEM r TEM % TEM r TEM % TEM r TEM %
1 PFW (mm) 0.2 0.65 0.22 0.72 0.4 1.31 0.957032236
2 PFH (mm) 0.12 1.11 0.12 1.11 0.14 1.22 0.987026419
3 PFI (degrees) 0.3 5.45 0.4 7.27 0.23 4.18 0.978097876
4 OCD(mm) 1.1 1.17 0.9 0.95 0.4 0.42 0.971346073
5 IPD (mm) 0.45 0.69 0.55 0.85 0.4 0.61 0.984976837
6 ICD (mm) 0.22 0.65 0.2 0.59 0.3 0.89 0.989470298
Discussion 1. Palpebral fissure width: In our study, the male had longer

In the present study, the shape and position of the palpebral fissure
of the South Indian ethnic population were evaluated (Table 1),
and the data were compared with other racial and ethnic groups
(Tables 3,4). Variations and similarities were detected in certain key
parameters between the South Indian ethnic population and other

populations.
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palpebral fissure than the female subjects and they showed
statistically significant sexual differences (males: 31.08 mm;
females: 29.9 mm). In contrast, Farkas et al.® and Price et al.’
reported slightly higher values in females than the male subjects
among Indians (males: 30.2 mm; females: 31.3 mm) aged 18-
30 and Caucasians (males: 26.7 mm; females: 27.2 mm) aged

20-39, respectively (Table 2). Ngeow reported a female mean
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value of 29.6 mm for Malaysian Indians aged 18-25.° While,
Farkas et al. reported female mean value of 29.8 mm for Turkish
population aged 18-30 years.® The values from the studies by
Ngeow,'* and Farkas et al.® for female subjects were similar to
those of South Indian ethnic female subjects. Takahagi et al."?
reported mean values for Nikkeis' (male: 24.87 mm; female:
23.63 mm) and Japanese (male: 25.21 mm; female: 24.99 mm)
aged 20-29 years. Oldipo et al.”* reported a superior mean
value (male: 38.1; female: 36 mm) for Ljaws of Nigeria aged
18-65 years. South Indian ethnic male and female subjects had
a longer PFW than the Nikkei’s and Japanese. Shorter PEW
compared to Tjaws of Nigeria.'> The longer palpebral fissure
may be associated with a wider and larger face

Palpebral fissure height: The mean value of palpebral fissure
height for South Indian ethnic male and female subjects was
almost similar with no significant sexual difference (Table 2)
similar to Thais,' Japanese,'? and Turkish population.’”® Pre-
echawai et al. in a study on Thais observed interestingly sim-
ilar mean values in both male and female subjects (9.5 mm)
aged 20-40 years.!* This is in contrast to Takahagi et al. who
found large variability between male and female subjects
(male, 6.86 mm; female, 8.84 mm).'? Farkas et al. reported a
female mean value of 11.1 mm for Caucasians.'® This article
reports a similar female mean value of 11.58 mm. When com-
pared to previous studies, PFH in the South Indian ethnic
population had wider eyes compared to other racial groups.
Palpebral fissure inclination (degrees): In the present study,
South Indian ethnic adults showed mongoloid type of palpebral
fissure. Adler suggested that the eyes look aesthetically pleasing
ifboth medial and lateral canthiare at the samelevel.® According
to western aesthetic norms, the lateral canthus should lie
slightly higher than the medial canthus. In the present study,
significant sexual difference was found, with more obliquity of
palpebral fissure in females than in males (males: 5.03°; females:
6.102°). Kunjur et al. in a study on adult Indians, observed
that PFI in males is more oblique than in females which is at
variance with the present study.! He reported mean values for
Chinese (males: 3°; females: 4°), Indian (males: 2.7°; females:
1.2°) and White (males: 2.7°; females: 5.7°) racial groups. In
the present study, mean values were higher when compared to
the reports by Kunjur et al.! Takahagi et al."? reported a female
mean value of 6.1°, while Nikkei's and Price reported a female
mean value of 6° in African Americans.’ The present study also
reports of a similar mean value of 6.1° in females. Park et al."”
have reported PFI mean values (male: 9.5°% female: 10.6°) for
Koreans, which was higher compared to other racial groups.
The dimensions of palpebral fissure are normally affected by
the configuration of periorbital features. The normative values
of size and slant of palpebral fissure may be valuable for the
clinician in the assessment of ptosis, malar hypoplasia, and
epicanthus inversus. These data can also be used as a reference
for setting aesthetic norms for the South Indian population.

Outercanthal, intercanthal and interpupillary distances:

Outer-canthal distance, inner-canthal distance and interpu-
pillary distance are commonly used in assessment of hyper-
telorism. Kulkarani et al. have suggested that a clear distinc-
tion should be made between the measurements in the assess-
ment of hypertelorism.’® The ICD and OCD measurements
are usually affected by the surrounding soft tissue. The ICD
may be increased due to broad nasal bridge. Hence, he sug-
gested that IPD is an accurate measure for hypertelorism.
Abdulla et al.”” used ICD to predict the combined width
of the maxillary six anterior teeth, as well as for selection.
4a. Outercanthal distance: In the present study, mean values
for OCD distance for males was higher than those for fe-
males. Farkas et al. reported a higher value in females than
in males for Thais.® Bozkir et al. in a study on Turkish adults
reported mean values (male: 95.9 mm; female: 92 mm),
which were similar to our study (male: 95.55 mm; female:
92.44 mm).”* Oldipo et al. in a study on Jjaws of Nigeria re-
ported mean OCD of 107.6 mm for males, and 104.5 mm
for females, which are higher compared to our findings."
4b. Interpupillary distance: The mean value of IPD obtained in
the present study fits the Caucasian norms (60 to70 mm).
We also observed that these values were significantly higher in
males than in females (males: 66.72 mm; females: 62.59 mm).
Barretto et al.”? also reported male mean value of 65.15 mm for
Whites and Kim et al.?® reported female mean value of 63.5
mm for Koreans. The results of Barretto et al.'” and Kim et
al.?® were closer to our findings. The IPD was wider in ljaws of
Nigeria (male: 69.8 mm; female: 66.4 mm), compared to South
Indian ethnic adults. While Preechawai et al.'* reported female
mean value of 59.5 mm for Thais and Kim et al.? reported male
mean value of 59.9 mm for Koreans. The IPD distance was
wider in South Indian adults compared to Thais and Koreans.
4c. Intercanthal distance: According to Caucasians norms, the ICD
ranges from 30 to 35 mm. In the present study, mean value of
ICD in both genders (male: 34.27 mm; female: 33.41 mm)
follows the Caucasians norms. In our study, no significant
gender difference was observed in mean ICD. Farkas et
al.® reported a mean value of 34.1 mm in Indian males and
Kunjur at al! reported 33.3 mm in White females. Our
findings of ICD in both the sexes (male: 34.27 mm; female:
33.41 mm) were similar to the figures reported by Farkas et
al® and Kunjur et al.! When compared to our study, Farkas
et al.® reported lower mean values of 27.3 mm for males and
24.6 mm for female subjects aged 18-30 in a study on an
Iranian population. Oldipo et al.”® reported higher values

(male: 38.9 mm; female: 37.3 mm) compared to our study.

The similarities and variations in the results with certain ethnic
groups can be explained on the anthropological point of view. Based
onthe physical anthropology, the Asian groups PEW of South Indian
female ethnic group was identical to the mean value of Malaysian
Indians and Japanese, while PFI was similar to Nikkei’s. Only ICD

of South Indian male was similar to Indian males. The mean value
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of PFH in both sexes was superior compared to that of other ethnic
groups. Interestingly, we noted that none of the parameters of south
Indian ethnic groups were identical to Chinese, Koreans or Thais.
Among the Middle Eastern groups, PFW of South Indian males
was similar to that of Egyptian male ethnic group, while females
PEW value were identical to the Turkish female ethnic group. The
mean values OCD of both sexes of Turkish ethnic group were
identical to south Indians. Although parameters like PFH, IPD and
ICD showed lower values compared to south Indians, the PFW was
greater in Iranians. In the African groups, PFW, OCD, IPD, ICD
was greater than the south Indian population.

However, the PFH, PFI was not greater in Africans. PEW of

Afro-Americans was lower compared to south Indians. Africans

showed wide ICD because of the broad wide nasal bridge. The
PFH, PFI and ICD of the Caucasian female group was identical to
the mean value of South Indian female ethnic group. The PEW of
both sexes in Caucasians and south Indians were identical. OCD
distance was greater in South Indians.

Based on paleoanthropology, Malaysian Indians' facial
characteristics are similar to their South Indian counterparts,
because both groups are Dravidians. Most of the Malaysian Indians
are descendants of South India who live in Malaysia. In the present
study, we observed that the South Indians present with Turkish
and Caucasian features probably because Indians belong to the

subgroups of Caucasoid called Indo-Dravidian.

Table 3: Compilation of palpebral fissure parameters of various population.

PEW (mm) PFH (mm) PFI (°)
Authors Year Number Population

M F M F M F
Park et al. 7/ 1990 M-1,078,F-1,073  Koreans 29.7 284 - - 9.5 10.6
Choetal.# 1993 M- 750,F -750 Asians 342 334 8.06 8.03 - -
Farkas et al. 16 1994 M-52,F-51 North American white 312 307 10.4 11.1 2.1 4.1
Barrettoetal.”® 1999 T-61 Black (American) 3234 31.46 9.84 10.56 - -
Barrettoetal ® 1999 T-65 White (American) 2951 294 10.25 10.65 - -
Bozkir et al. * 2003 M-228,F-272 Turkish 32.6 31 10.3 10.4 - -
Farkas et al.® 2005 M-30,F-30 Egyptians 31.5 30.8 - - - -
Farkas et al. ® 2005 M-30,F-30 Indians 302 313 - - - -
Farkas et al. ® 2005 M-30,F-30 Iranian 372 244 - - - -
Farkas et al. ® 2005 M-30,E-30 Japanese 307 292 - - - -
Farkas et al. ® 2005 M-30,E-30 Singaporean Chinese 294 284 - - - -
Farkas et al. ® 2005 M-30,F-30 Turkish 30.6 298 - - - -
Farkas et al. ® 2005 M-30,F-30 Vietnamese 29.1 29.2 B 2 - -
Kunjur et al.! 2005 M-13,F-13 Chinese 28.8 26.8 9.5 10.6 3 4
Kunjur et al. ! 2005 M-13,F-13 Indians 303 282 10.5 10.7 2.7 1.2
Kunjur et al.* 2005 M-13,F-13 Whites 276 265 10.2 9.8 2.7 5.7
Park etal.? 2008 M-234,F-264 Asians 27 26.8 8 8.2 7.9 8.8
Takahagietal. > 2008 T-114 Japanese 2521 24.99 9.23 9.1 6.62 7.8
Takahagi etal. > 2008 T-107 Nikkei’s 24.87 23.63 6.86 8.84 7.13 6.11
Ngeow et al. ! 2009 M-50,E-50 Malays 295 287 10.2 10 - -
Ngeow et al. 1 2009 M-50,F-50 Malaysian Indians 30.7 29.6 10.1 10.5 - -
Price et al.® 2009 M-33,F-56 Africans (American) 275 27 9.8 9.5 3.9 6
Price etal.® 2009 M-33,F-56 Whites (American) 267 272 9.4 10.3 3.6 5.8
Oladipoetal.® 2010 M-500,F-500 jaws(Nigeria) 38.1 36 - - - -
Preechawai ™ 2011 M-51,F-50 Thais 304 273 9.5 9.5 - -
Our study South Indians 31.08 29.90 11.30 11.58 5.05 6.10

M: male; F: female; T: total; PEW: palpebral fissure width; PFH: palpebral fissure height; PFI: palpebral fissure inclination.
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Table 4: Compilation of OCD, IPD and ICD measurements of various populations.

OCD(mm) IPD(mm) ICD(mm)

Authors Year  Number Population

M F M F M F
Kim et al. % 1988 M-110F-213  Koreans - - 59.9 63.5 37.4 35.9
Farkas et al. 1 1994 M-52,F-51 North American white 89.4 86.8 64.1 61 32.9 31.6
Barretto et al. ¥ 1999 T-61 Black (American) - - 68.97  65.93 35.8 34.18
Barretto et al. 1999 T-65 White (American) - - 65.15 6147 35.53 32.95
Bozkir et al. 2003 M-228 E-272 Turkish 95.9 92 63.9 60.8 30.7 30
Farkas et al. ® 2005 M-30, F-30. Egyptians 89 86.3 - - 31.8 30.9
Farkas et al. ® 2005 M-30, E-30. Indians 98.8 97.5 - - 34.1 30.9
Farkas et al. & 2005 M-30, F-30. Tranian 91.8 79.8 - - 27.3 24.6
Farkas et al. ® 2005 M-30, F-30. Japanese 1039 933 - - 38.85 35.72
Farkas et al. & 2005 M-30, F-30. Singaporean Chinese 91.7 87.3 - - 37.6 36.1
Farkas et al 8 2005 M-30, F-30. Turkish 95.8 93.2 - - 32.8 31.7
Farkas et al 8 2005 M-30, F-30. Thai 91.5 99 - - - -
Farkas et al.® 2005 M-30, F-30. Vietnamese 91.5 89.9 - - 36.7 36.6
Kunjur et al.’ 2005 M-13,F-13 Chinese - - - - 37.2 36.4
Kunjur et al.* 2005 M-13,F-13 Indians 2 - - 31.4 31.1
Kunjur et al. ! 2005 M-13,F-13 Whites - - - - 32.7 33.3
Park et al. 3 2008 M-234,F-264  Asians - - 64.6 63.6 38.4 38.2
Ngeow et al. ! 2009 M-50,F-50 Malays 92.3 89.6 - - 33.9 32.5
Ngeow et al. 1 2009 M-50,F-50 Malaysian Indians 92.1 89.4 - - 31.7 30.5
Oladipo et al. ® 2010 M-500,F-500  Ijaws(Nigeria) 107.6 1045 69.8 66.4 38.9 37.3
Preechawai 2011 M-51,F-50 Thais 88.1 85.8 61.3 59.5 30.9 32.6
Our study M- 100,F-100  South Indian 95,55 9244  66.72 62.59 34,27 33.41

M: male; F: female; T: total; ICD: Inintercanthal distance; OCD: outercanthal distance; IPD: interpupillary distance.

We also observed some similarities with Japanese who
belong to the mongoloids group. Risley, based on anthropometric
measurement observed the mongoloid features in Indian population
and he classified them as Mongolo-Dravidians type.”® Malhotra,
stated on the basis of morphological features, the mongoloid and
Caucasoid contribute to the biological composition of Indian
population.

The variation in results from the previous studies may also be
due to measuring techniques. The anthropometric data in orbital
region have been collected by direct (rulers and calipers) and indirect
measuring techniques (camera and computer analysis). In the
present study, the morphology of orbital region was studied using

indirect anthropometry (photogrammetry technique and software).

Coombes et al. have suggested that digital photography combined
with computer analysis offers advantage over direct anthropometry,
the method is simple, standardized, and documentable and can be

g 30
applied in research.

Conclusion

The results from this study construe that there is a statistically
significant gender difference in certain parameters between males
and females. When the data of the present study were compared
with the previous reports, the measured parameters showed
variations and similarities (racial and sexual) with other populations.
Variations in the morphology of orbital features according to race,

sex and ethnicity may affect the treatment planning and diagnosis
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during facial analysis. Hence, during reconstructive surgery, it is
important for the surgeons to have knowledge of local norms during
facial analysis in order to evaluate and modify the disproportionate
features without disturbing the ethnical features. The results of
this study will be of immense use in surgical procedures like ocular
prosthetics, blepharoplasty and in forensic science to trace missing
individuals by applying facial reconstruction techniques, dentistry,

genetics and paleoanthropological studies.
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