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ABSTRACT

BACKGROUND AND PURPOSE: Facial parameters are used for evaluating normal growth patterns, diagnosing patients with craniofa-
cial abnormalities, and planning surgical procedures. However, these parameters vary by ethnicity and race. This study aims to
describe soft-tissue and bony facial parameters based on CT of healthy pediatric and adolescent patients in Thailand.

MATERIALS AND METHODS: CT imaging of the brain, orbit, facial bones, and neck was performed at Maharaj Nakorn Chiangmai
Hospital, in patients from birth to 19 years old. Patients with known syndromic disease, craniofacial syndrome, facial trauma and/or
infection, and previous surgery that deformed the study area were excluded. The key points of measurement were soft-tissue
intercanthal, bony interorbital, and bony lateral orbital distances.

RESULTS: There were 932 patients: 554 males (59.4%) and 378 females (40.6%). Facial parameters rapidly increased in the first 2 years
of life. Significant differences in these parameters between the males and females were found at the age of =15years. However,
ratios of the interorbital to the lateral orbital distance were generally consistent among age groups in both sexes, at 0.25.

CONCLUSIONS: This study, in Thailand, provides detailed age- and sex-specific normative data of the craniofacial measurements in
children and adolescences based on CT imaging. These data can be used for evaluating individual patients with craniofacial abnor-
malities as well as determining the treatment in Thai and Asian populations, in whom craniofacial abnormalities, for example, fron-

toethmoidal encephalomeningocele, are common.

ABBREVIATIONS: IC = intercanthal; IO = interorbital; LO = lateral orbital; SD = standard deviation

Facial parameters and proportions play important roles in med-
icine because they are used for evaluating normal growth pat-
terns, diagnosing patients with craniofacial abnormalities, and
planning surgical procedures."” One of the most common cranio-
facial abnormalities in southeast Asia is frontoethmoidal encepha-
lomeningocele,” a congenital pediatric disorder characterized by
herniation of the brain and the meninges through an anterior skull
defect that usually involves the orbits.> Although rare in Europe
and the United States, it has been described in several pediatric
groups of different races in southeast Asia, including Thais,
Malaysians, and Burmese.® The incidence of frontoethmoidal
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encephalomeningocele in Thailand and Burma is 1:5000 to 1:6000
live births.® Treatment for frontoethmoidal encephalomeningocele
includes surgery, which requires normal facial parameters for or-
bital reconstruction.

Existing data of the facial parameters have been collected by
using one or more of these methods: direct measurement (an-
thropometric), radiographic measurement (cephalometric), and
sonography measurement of the fetus in utero.” Each method has
its own limitations in accurately measuring normative standards
for craniofacial measurements. Most of the data were collected
and applied to adult populations.”***! Available data for the pediat-
ric population is reported to a much lesser extent.""* CT is now
considered as the main technique for diagnosis, follow-up, and sur-
gical planning for reconstructive surgery. There is literature that
indicates that CT is more accurate and reliable than other cephalo-
metric measures.'* Furthermore, CT measurements are reliable and
reproducible; results of studies have suggested that the accuracy,
interobserver error, and intraobserver error are often within an ac-

ceptable range (within 1 mm) for craniofacial measurements.'>'®

: g . c o 12,817,18
Facial characteristics vary across multiple ethnicities.

There are limited normative craniofacial parameters based on CT
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FIG 1. Multiplanar reconstruction CT of the facial bone in the sagittal view. The dotted line repre-

sents the Frankfort horizontal plane.

FIG 2. An axial CT of the brain. Left, soft-tissue intercanthal (IC); right, bony interorbital (IO) and
bony lateral orbital (LO) distances, which measure 32.10, 23.65, and 101.50 mm, respectively.

among populations in Asian countries, for example, Thailand.
One study was conducted in India and used CT from 100 adults,”’
and one study was from Thailand and used CT from 349 patients
(ages, 0-21 years), with a broad categorization of age groups into 2-
to 3-year age bands with both sexes grouped together.”® These lim-
ited data with relatively small sample sizes make the establishment
of normative data difficult because the facial parameters may
change rapidly in early life due to cranial growth. The cranium tri-
ples in size during the first year of life, is 75% complete at age
2years, and is 95% complete by age 10 years. Some biologic varia-
tion between the sexes also exists because additional growth there-
after is usually complete by ages 16-18 years in girls and 18-20
years in boys. Thus, more-detailed normative data are needed to
document normal growth patterns. This will be useful for monitor-
ing and diagnosing those suspected with craniofacial anomalies,
such as telecanthus, pseudohypertelorism, or ocular hypertelorism
as well as for pediatric patients with frontoethmoidal encephalo-
meningocele who require surgical reconstruction.

MATERIALS AND METHODS
All CT imaging of the brain, orbit, facial bone, and neck per-
formed at Maharaj Nakorn Chiang Mai Hospital between 2013
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and 2016, in patients from birth to 19
years old was retrospectively reviewed.
Maharaj Nakorn Chiang Mai Hospital
is a tertiary university hospital that
acts as a referral center for northern
Thailand. Based on the patient’s his-
tory review and evaluation of imaging,
we excluded any patient with a known
syndromic disease, craniofacial syn-
drome, facial trauma and/or infection,
and previous surgery that deformed
the study area.

All the scans were produced by
using 2 multidetector CT machines:
1) Dual
(Siemens),

sources Somatom Force
and 2) Dual
Somatom Definition, (Siemens). The

sources

CT images were reviewed in soft-tissue
and bone windows. The 4 key points
measured were intercanthal (IC), bony
interorbital (IO), bony lateral orbital
(LO) distances, and the IO:LO ratio.
These points of measurement, deter-
mined by the craniofacial surgeon
(KK.) and the radiologists (N.J., S.A.),
were considered to be useful for clinical
purposes and reproducibility. These
points of measure were also those sug-
gested by a previous study from
Thailand* All measurements were
performed by research assistants who
were trained by a board-certificated
diagnostic neuroradiologist (S.A.) by
using the PACS.

Orientation was in the Frankfort
horizontal plane, defined as the highest point on the upper mar-
gin of the opening of the external auditory canal and the lowest
point on the lower margin of the orbit (Fig 1). After the Frankfort
horizontal plane was identified, the measurements of the soft-tis-
sue IC, bony IO, and bony LO distances in millimeters (Fig 2)
were performed. The IC distance was defined as the distance
between medial canthi. IO and LO distances were defined as the
distance between the medial wall of orbits and the distance
between the lateral wall of orbits, respectively. Key points of mea-
surement were summarized by using descriptive statistics with
the calculation of means and standard deviations (SDs). Data
were divided by different age groups. Due to the rapid growth of
the skull and face during early life, age groups were catego-
rized by every 3 months until 2 years of age, then every year
until age 19 years. Male and female patients were analyzed
separately, and comparisons between the sexes within each
age group were conducted by using t-tests.

RESULTS

A total of 983 scans from 932 individuals were reviewed, of
whom 554 were males (59.4%) and 378 were females (40.6%).
The mean = SD age for males was 9.0 * 6.5 years and for females



Table 1: Values for soft-tissue intercanthal distances by age group and sex  rapid increase in the IC distance in the first 2 years of

IC Distance, Mean =+ Standard life. The average * SD IC distance was 22.1 * 2.8 mm
Deviation, mm among neonates (0-3 months). At 22-24 months, the
Age Group All Males Females P average = SD IC distance was 27.3 = 3.8 mm or
0-3 months (n =76) 221*28 226 *27 213 £27 .05 approximately 80% of the mean IC distances among
>3-6months (n=41) 23927 245%29  2337*24 15 adults ages > 18 years (Table 1 and On-line Fig 1).
— = + + +
HE=Dmenin =41t} 1525 24822 B7=27 iy The average IC distances increased with age. By the
>9-12 months (n =30) 243 = 21 240 = 21 248 = 21 34 .
SI5months (1=25)  261+33 26339 259+23 75  2geof8years, the mean IC distance was 29.2 mm or
>15-18months (1=14) 256 +33 248 +21 263 * 40 42 approximately 90% of the mean IC distance among
>18-21months (1=21) 264 =34  265%36 264 %33 95 adults aged > 18 years. Small differences between
>21-24 mon(ths (n )212) 27338 262 *+38 287 +3.8 29 the sexes, between 1 and 2 mm, were also detected
>2-3years (n =49 271 *+33 27.8 = 31 261+ 32 .08
> .
>3-4 years (n = 36) 78+33 283+25 1+30 26  °mongthose>15yearsofage. Onaverage, after the
>4-5years (n=42) 280+ 28 274 +30 289 + 23 08 age of 15 years, males tended to have larger IC dis-
>5-6 years (n =41) 277 29 282 +30 27.0+27 21 tances than did the females. By age 15 years, among
>6-7 years (n = 36) 293 + 34 30.1 £ 39 287 £28 .20 the males, the average IC distance was approxi-
>7-8years (n=29) 29238 28734 30145 37 mately 90% of the mean IC distances among adult
Sty =2 293=26 29427 291+ 26 71 men at >18 years. For females, by age 15 years, the
>9-10 years (n = 30) 307+33  314+38 300 * 23 19 years. ) DY age Lo years,
>10-Tyears (n = 3) 295+36 290 +27 303+ 45 30 average IC distance was already similar to the mean
>T-12years (n = 33) 302 + 39 303+46 300+ 2.0 80 IC distances among adult women at age >18 years
>12-13 years (n =32) 3M*£32  38+31  292+*27 03 (Table1).
>13-14 years (n = 42) 3l4x44 30937 319 %52 50 This pattern of rapid growth in early life and differ-
>14-15 years (n = 43) 315239 316 £ 34 31150 68 ence between males and females aged >15 years was
>15-16 years (n = 69) 329+ 46 33946 318+ 43 05 . 8 ¥e
>16-17 years (n =71) 328 + 39 329 +40 328+ 35 9 also observed from IO distances and LO distances.
>17-18 years (n = 57) 327 £39  336*38 304%32 <0 Among neonates (ages, 0-3 months), the average IO
>18-19 years (n =57) 327 £42 342 = 41 302 £27  <.01 distance was 16.4 mm and was 18.6 mm by age 2 years.

By the age of 8 years, the average IO distance as
22.5mm or 90% of the mean IO distance in adulthood.

Table 2: Values for bony interorbital distances by age group and sex Among those >15years of age, the mean IO distance
was 1-2mm longer for men compared with women

10 Distance, Mean * Standard

Age Group (No. Scans Deviation, mm (Table 2 and On-line Fig 2). As demonstrated in Table 3,

Per Group) All Males Females P by 2 years of age, the average LO distance
0-3months (76) 164+19 165+ 21 161+18 39 (77.3mm) was also nearly 80% of the average LO
>3-6 months (41) 182 £20 184 *26 180 +13 57 distances among adults >18 years (90.0 mm). By
>6-9 months (40) 17.7 =21 19.5*24 172 +18 07 the age of 8 vyears, the average LO distance
S ) 18120 18116 17.9 =26 79 (88.1 mm) was also almost 90% of the average adult
>12-15 months (25) 18.8 = 2.2 189 =20 185 £ 25 .66 di h f imil d
>15-18 months (14) 85+23 182+16 187+27 &  LOdistanceattheageof 18 years. Similar to IC an
>18-21 months (21) 19128 192+20 190 * 37 90 IO distances, after the age of 15 years, the average
>21-24 months (12) 18.6 = 14 191+ 16 181 %17 22 LO size was 3-5mm longer among men compared
>2-3years (49) 193=x21 20020 18318 <0 with women (On-line Fig 3). Although there is evi-
SR ) 198 23 19.8 = 24 198 =23 94 dence for rapid growth and small differences
>4-5years (42) 204 = 2.6 201+ 20 20.8 =33 37 . .
>5_6 years (4]) 205 + 24 207 + 23 203 + 27 69 between the sexes in IO and LO distances after the
>6-7 years (36) 223+ 24 229 + 28 219 + 2.0 25 age of 15 years, the mean ratios between IO/LO
>7-8 years (29) 225 £ 3.0 222+ 28 211 £33 43 were relatively stable, at 0.25, across age groups and
>8-9 years (?6)) 222x2l1 228 = 21 21£17 04 between the sexes (Table 4). Ninety percent of all
>9-10 years (30 231 =25 241 = 21 217 =23 <.01 .

th had an IO:LO ratio bet 0.22 and 0.28

>10-1 years (31) B31+20  29+24 23312 66 ¢ scans had an ratio between 122 an
>T1-12 years (33) 28+23  B0+27  24+16 4g  (Figd).
>12-13 years (32) 243 = 35 246 = 3.6 23.6 * 37 49
>13-14 years (42) 242 =33 239 + 31 244 =35 .64 DISCUSSION
>14-15 years (43) 24.6 = 31 248 =32 241+ 238 48 This study aimed to d ¢ tive facial
>15-16 years (69) 246 =30  254%+33 237 %25 02 15 study aimed to document normative facial pa-
>16-17 years (71) 253 + 3] 256 + 3.0 244 + 33 B rameters among children, adolescents, and young
>17-18 years (57) 247 £29 253 + 2.6 232 +32 .01 adults in Thailand by using CT. Consistent patterns
>18-19 years (57) 24826 257+22 B34+27 <0l emerged that facial parameters were approximately

80% developed within the first 2 years of life and 90%
developed by the age of 8 years. However, small differ-
was 7.8 = 6.4 years. The mean measurements of soft tissue IC,  ences between the sexes in distances after the age of 15 years also
bony IO, and bony LO distances for both sexes, categorized by  existed. Despite different growth rates across different ages and
age group, are shown in Tables 1-3. As expected, there was a  sexes, the ratios between IO:LO were relatively constant.
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Table 3: Values for bony lateral orbital (LO) distances by age group and sex

Age Group (No. Scans

LO Distance, Mean = Standard Deviation, mm

Per Group) All Males Females P

0-3 months (76) 633 = 44 637 =45 625+ 42 23
>3-6 months (41) 693 £ 44 69.6 = 48 69.0 = 41 .67
>6-9 months (40) 726 =35 64.7 = 3.0 712 = 31 <.01
>9-12 months (30) 731+ 34 739 £33 719 = 3.2 12
>12-15 months (25) 755 = 34 761 * 33 74.6 = 34 30
>15-18 months (14) 761+ 3.9 767 + 3.8 75.6 + 42 63
>18-21 months (21) 773 £32 78.0 £ 31 763 £ 31 22
>21-24 months (12) 773 £28 783 *29 757 = 21 12
>2-3years (49) 801+ 3.6 818 + 3.0 77.8 * 31 <0l
>3-4 years (36) 80.6 £ 4.6 815 *+ 48 795+ 42 .20
>4-5years (42) 825+ 37 822 40 83.0 £ 34 45
>5-6 years (41) 834 + 35 839 £ 4.0 827 *+ 2.6 31
>6-7 years (36) 865 + 37 87.5 + 3.6 857 + 36 3
>7-8 years (29) 88.1 £ 37 88.8 = 34 87.0 = 4.0 23
>8-9 years (26) 884 * 37 89.2 + 34 871+ 39 16
>9-10 years (30) 90.7 £ 39 917 £33 89.4 £ 43 n

>10-Tlyears (31) 904 + 3.6 90.7 =43 90.1 £ 26 .66
>11-12 years (33) 91.0 £ 43 911 =47 90.7 = 35 77
>12-T3 years (32) 839 *+ 54 94.6 + 56 923 * 47 28
>13-14 years (42) 939 £47 940 = 44 93.9 £51 .97
>14-15 years (43) 96.3 = 5.0 972 £ 49 943 £ 47 .08
>15-16 years (69) 971+ 46 99.0 + 43 95.0 + 4.0 <01
>16-17 years (71) 98.6 = 45 995 47 96.2 = 3.2 <.01
>17-18 years (57) 989 £ 5.0 100.6 = 3.7 942 = 5] <.01
>18-19 years (57) 99.0 + 53 100.8 * 4.9 96.0 + 4.6 <0l

Table 4: Values for bony interorbital (10) to lateral orbital (LO) distances by age group

and sex

Age Group (No. Scans

10 to LO Distance, Mean = Standard Deviation, mm

Per Group) All Males Females P
0-3 months (76) 0.26 = 0.02 0.26 = 0.02 0.26 = 0.02 .85
>3-6 months (41) 0.26 = 0.02 0.26 = 0.02 0.26 = 0.02 79
>6-9 months (40) 0.24 = 0.03 0.25 = 0.03 0.24 = 0.02 .50
>9-12 months (30) 0.25 = 0.02 0.25 = 0.02 0.25 = 0.03 76
>12-15 months (25) 0.25 = 0.02 0.25 = 0.02 0.25 = 0.03 .95
>15-18 months (14) 0.24 = 0.02 0.24 = 0.02 0.25 = 0.02 45
>18-21months (21) 0.25 = 0.03 0.24 £ 0.02 0.25 = 0.04 .82
>21-24 months (12) 0.24 = 0.01 0.24 = 0.01 0.24 = 0.01 .53
>2-3 years (49) 0.24 = 0.02 0.24 = 0.02 0.24 = 0.02 .10
>3-4 years (36) 0.25 = 0.02 0.24 £ 0.02 0.25 = 0.03 46
>4-5years (42) 025 + 0.03 024 * 0.02 025 + 0.03 45
>5-6 years (41) 0.25 = 0.02 0.25 = 0.02 0.25 = 0.03 96
>6-7 years (36) 0.26 = 0.02 0.26 = 0.03 0.26 = 0.02 48
>7-8years (29) 026 + 0.03 025 + 0.03 026 + 0.03 20
>8-9 years (26) 0.25 = 0.02 0.26 = 0.02 0.24 = 0.02 .10
>9-10 years (30) 0.25 = 0.02 0.26 = 0.02 0.24 = 0.02 .02
>10-Tlyears (31) 025 + 0.02 025 + 0.02 026 + 0.01 36
>T1-12 years (33) 0.25 = 0.02 0.25 = 0.02 0.25 = 0.01 49
>12-13 years (32) 0.26 = 0.03 0.26 = 0.03 0.25 = 0.03 72
>13-14 years (42) 026 * 0.03 025 + 0.03 026 * 0.03 55
>14-15 years (43) 0.25 = 0.03 0.26 £ 0.03 0.25 = 0.02 99
>15-16 years (69) 0.25 = 0.02 0.26 = 0.03 0.25 = 0.02 29
>16-17 years (71) 0.26 £ 0.02 0.26 = 0.02 0.25 = 0.03 .58
>17-18 years (57) 0.25 = 0.02 0.25 = 0.02 0.25 = 0.03 43
>18-19 years (46) 0.25 = 0.02 0.26 = 0.02 0.24 *= 0.02 .07

Compared with a study conducted in the United States that
examined orbital measurements of healthy infants and children,
our average soft-tissue IC distances were slightly lower, whereas,
the average bony LO distances were of similar values and our bony
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IO average distance was longer. The
findings were not surprising because fa-
cial parameters differ among difference
ethnicities."*"** Our facial parameters
were in the line with a recent report
from Thailand.*

Similar to previous literature,
there were no significant differences
in our measured parameters between
males and females from birth until
the early teenage years.”>** However,
we noticed differences in our meas-
ured parameters between the sexes at
ages =15years. A previous study
conducted in Thailand by using
direct anthropometric measurements
also found significant differences
between the sexes in their binocular
width, which was concordant with
our bony LO distance in the adoles-
cent age group.”” Another study,
from Malaysia, that used 3D facial
imaging and anthropometric techni-
ques also found some differences in

LO and IC distances between the
sexes in late adolescence.”” This is
not surprising because studies docu-
mented that, unlike males, facial
growth is usually completed by the
age of 14-15

26,27

years among
females.

Our study has some limitations
with regard to using samples from a
single referral center in northern
Thailand and of using a hospital-
based sample. However, our results
were in line with the recent study
conducted in Bangkok, which indi-
cated that their sample was repre-
sentative of the mnormal Thai
population.”® There were limited
longitudinal data because most of
the scans used were of unique indi-
viduals rather than repeated follow-
up. There is literature that indicates
that the cross-sectional design is
likely to underestimate growth rates
but is useful for determining cutoff
normative values because they are
more likely to be representative of
the healthy population.”®*® The
strength of our study is the large
number of scans, which allowed

more-detailed age- and sex-specific normative values not pre-

viously published in an Asian population.

Based on the strengths of our study, our findings have several

clinical implications. Establishing normative values is important
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FIG 3. The ratio of the interorbital (IO) to bony lateral orbital (LO) distances by age and sex.

because a diagnosis of craniofacial abnormality, for example, tele-
canthus, relies on age- and sex-specific means and SDs. To avoid
or reduce the number of unnecessary postoperative CTs, the val-
ues of soft-tissue IC can be used for follow-up of patients after
craniofacial surgery, such as frontoethmoidal encephalomeningo-
cele correction, craniofacial cleft correction, orbital translocation,
and facial bipartition. The understanding of normal growth de-
velopment also helps identify the timing of surgery of craniofacial
anomalies, such as frontonasal dysplasia, hypertelorism, and cra-
niofacial cleft because correction of the orbital complex or gla-
bella region should be performed when the bones are nearly fully
grown. Results of our study suggest that the facial parameters are
almost fully developed around the age of 8 years in this popula-
tion. The finding that the IO:LO ratio is relatively constant, at
0.25, across ages and sexes helps inform surgeons on the aesthetic
or cosmetic facial ratio for pre-, intra-, and postoperative
evaluations.

CONCLUSIONS

This study provides detailed age-and sex-specific normative data
of the craniofacial measurement in children and adolescents in
Thailand based on CT imaging. These data can be used for evalu-
ating individual patients with craniofacial abnormalities as well as
determining the treatment in Thai and Asian populations where
craniofacial abnormalities, for example, frontoethmoidal ence-
phalomeningocele, are common.
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