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Abstract
Introduction: A pilot study to establish a norm of physical 

measurement for typically developing (TD) Chinese children in Hong 
Kong. 

Methods: To establish a norm of physical measurements for typical 
developing Chinese children, kindergarten and nurseries across Hong 
Kong were recruited between 2009 to 2011. Height, weight, head 
circumference, ear length, outer and inner canthi, interpupillary 
distance, philtrum, hand and foot length were measured using 
standard procedures in children of typical development at preschool 
and kindergarten age.

Results: A norm of physical measurements was established from 
recruitment of 658 TD children aged 1 to 7 years old (mean age of 
4.19 years). 

Discussion: Based on the results from this study we have 
successfully shown the continuing establishment of a norm of body 
physical measurements for Chinese children in Hong Kong. This 
norm is a valuable tool for future quantification and the detection 
of deviations in children with a wide range of developmental and 
genetic disorders. With the use of validated quantitative measures, this 
would aid paediatricians with the identification of dysmorphology and 
differentiating what is within or outside of normal range.  

Abbreviations
ASD: Autism Spectrum Disorder; BMI: Body Mass Index; 

cm: centimeters; kg: kilograms; TD: Typical Development; OFC:  
Occipital Frontal Circumference

Introduction
To monitor and track the growth of a child over time, growth 

charts are primarily used by paediatricians and other health care 
providers. In Hong Kong a territory wide, cross-sectional growth 
chart covering 25,000 Chinese children from birth to 18 years was 
performed in 1993 by Leung et al. and is used for height, weight and 
head circumference for developmental assessment [1]. An updated 
norm of other physical body measurements for Chinese children in 
Hong Kong that can be used for comparison is lacking.

As part of an on-going study, our research team attempted to 
identify subgroups within children of Autism Spectrum Disorder 
(ASD) based on physical measurements and dysmorphology 
examinations [2,3]. In order to establish a comparison against a group 
of children diagnosed with ASD, our research team first decided to 
create a Chinese set of norms of physical measurements from typical 
developing children. This paper aims to report the results of the pilot 
study to study the physical measurements of TD group.

The setup of a norm of body physical measurements collected 
from typically developing Chinese children population is useful not 

only in identifying homogeneity subgroups within ASD population, 
but is beneficial for future research involving other neurological or 
behaviorally defined disorders. The target population for this study 
is primarily focused at preschool and kindergarten age group (0 to 7 
years old), but we wish to extend the research to the paediatric and 
adolescent population (0 to 18 years old) in the future. 

In order to recognize the prevalence of children with 
dysmorphism in a population, there is a need to set up a norm data 
collected from control in general population. The target population of 
this study is children of Chinese ethnicity. As a result of both genetics 
and environmental factors, physical norm data would evidently differ 
from Chinese population when compared to Caucasian population. 
Wu et al. studied the ocular measurements in normal Chinese children 
in Taiwan and found that the inner canthal distance, outer canthal 
distance and interpupillary distance in Chinese children were wider 
than those in Caucasian children [4]. This exemplifies the ethnical 
differences in normal body physical measurements for quantitative 
data and the need to set up a Chinese norm. The main objective of 
this study is to establish a Chinese norm of physical measurements 
from typical developing children as basis for comparison against a 
group of children diagnosed with ASD. In particular, this study will 
attempt to address the following questions: 1) What is the norm of 
physical measurements for a single ethnicity (Chinese)? 2) Do the 
physical measurements of the children in the normal development 
group differ from the physical measurements of ASD children?

Participants and Methods
This study is a part of an ongoing population-based case-control 

investigation on children selected from general population with 
Typical Development (TD) compared with children with Autism 
Spectrum Disorder (ASD). This paper summarizes the results from 
the TD group in order to establish a norm of physical measurements 
and compares to children of ASD.

Study recruitment

To establish a norm of physical measurements for Chinese 
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children, kindergarten and nurseries across Hong Kong were invited 
to take part of the study. This study was first launched as a pilot study. 
As of March 2010, there are 966 Kindergarten and Kindergarten-
Cum Child Centre registered under the Education Bureau in Hong 
Kong. Letters of invitations and background of study were mailed 
and faxed to a random sample of 198 nurseries. The total number 
of schools recruited for this study was 68. Of the 68 nurseries 
and kindergartens recruited, 14 nurseries were located in North 
Territories, 52 in Kowloon and 2 in Hong Kong Island. The current 
study was conducted between Jan 2010 to December 2011. Signed 
consent forms returned by children of interested parents or legal 
guardians were recruited into study.

The inclusion criteria for this study are typical developing 
children aged between 0 to 7 years old (preschool and kindergarten 
age) and of Chinese ethnicity with no history of global developmental 
delay or other medical disorders and no previous history of 
neuropsychiatric or genetic disorders. All children must have an 
overall healthy developmental profile without any marked problems 
or regression signified from a healthy Mother Child Health Clinic 
(MCHC) records. No further exclusions for TD group were made 
based on genetics, family phenotype, or other characteristics with the 
exception of children who had visual, hearing or motor impairments 
that precluded the physical examination assessment.

To establish a comparison, the physical measurements of TD 
group were analyzed against children diagnosed with ASD collected 
in a related on-going study. The inclusion criteria for the ASD group 
were children aged between 0 to 7 years old, of Chinese ethnicity 
and a confirmed medical diagnosis of ASD (Autism/Asperger/PDD-
NOS) made by child neurologist, developmental pediatricians, and/
or clinical psychologist. All ASD children must meet the diagnostic 
criteria for ASD according to the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-IV) [5] and/or DSM-5 [6].

Physical measurements 

Physical measurements including height, weight, head 
circumference, ear length, length of outer and inner canthi, 
interpupillary distance, philtrum, hand, finger length and foot length 
was measured for all participants in TD group. The standing height 
(from top of the head to tip of the feet) was measured and recorded 
in centimetres. The weight was recorded in kilograms (kg) with 
shoes, jewelleries, and belts removed before measurement. The head 
circumference or Occipital Frontal Circumference (OFC) (cm) was 
measured from the above most prominent point on the frontal bone 
above the root of the nose to the posterior most prominent point of 
the occipital bone using tape measure. The ear length (cm) is length 
of the external ear (pinna) from the superior aspect of the outer rim 
of the helix to the most inferior border of the ear lobe or pinna. The 
outer canthus distance (cm) is the measurement between the outer 
canthi of the two eyes from the most lateral corner of one eye to the 
most lateral corner of the other eye) the inner canthus (cm) is the 
measurement from the innermost corner of one eye to the inner 
most corner of the other eye. The interpupillary distance (cm) is the 
measurement between the centres of both pupils. The philtrum (cm) 
is the measurement of the distance between the base of the nose and 
the border of the upper lip, in the midline. The hand length (cm) 
is the measurement from the distal crease at the wrist to the tip of 

the middle finger. The finger length (cm) is the length of the middle 
finger, the measurement from the proximal flexion crease at the 
base of the middle finger to the tip of the middle finger taken on the 
palmar aspect of the hand. The foot length (cm) is the measurement 
of the longest axis of the foot, measured from an imaginary vertical 
line drawn from the posterior prominence of the heel, to the tip of the 
longest toe, on the plantar aspect of the foot. The standard protocol 
for measuring the physical measurements is followed in reference 
from Hall et al. [7]. All measurements were measured twice, rounded 
to the nearest 0.1 kg or 0.1 cm and the average was recorded into 
the database. The examination was performed using standardized 
and calibrated medical scales, stand height measure, non-stretchable 
measuring tape and calliper. All investigators (P.W., C.F., and G.C.) 
responsible for the physical examination were trained to ensure 
standardization of all measurements.

Statistical analysis

Normally distributed mean data are presented mean ± standard 
deviation (SD). Physical measurements are rounded to the nearest 
tenth. The physical measurements for the TD and ASD group were 
compared using the unpaired student-t-test. In order to match for 
age and sex, participants were divided into age and sex groups. All 
statistical analyses were performed with SPSS version 17.0 (SPSS Inc., 
Chicago, USA) with unpaired student t-test. A p value less than 0.05 
was considered statistically significant.

Ethical approval

This study was reviewed and approved by the Institutional Review 
Board of the University of Hong Kong/Hospital Authority Hong 
Kong West Cluster (HKU/HA HKW IRB: UW 10-150).

Results
Participants

We received a total of 662 signed informed consent forms during 
the recruitment period. Four participants were excluded in the TD 
group because of inability to attend the physical examination due 
to sickness or vacation leave. For this pilot study, there were 658 
participants recruited into the TD group. There was no withdrawal 
by parents or legal guardians after agreement to join study. In the 
ASD group, 80 children were recruited and compared against the TD 
group. Table 1 shows the demographics of the TD and ASD group.

Physical measurements for TD group

Table 2 shows the physical measurements for male participants in 
the TD group; Table 3 shows the physical measurements for female 
participants in the TD group. In order to further analyze the physical 
measurements of the TD group based on sex, the age group in this 
section was separated into 4 groups: 1 ≤ 2 years old, 3 ≤ 4 years old, 5 
≤ 6 years old and 7 ≤ 8 years old (Table 4).

Physical measurements of TD compared with ASD

The physical measurements for TD group were compared to a 
group of ASD group for analysis. The statistical analysis for the 
physical measurements for TD and ASD group is shown in Table 
5. Our results show that there were significant differences between 
ASD and TD children for measurements in: head circumference 
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TD Group (n=658) ASD Group (n=80)

Male Female Male Female

n 353 305 71 9

Mean age in (years) 4.12 4.28 4.39 4.11

Standard deviation 1.3 1.22 1.52 1.83

Median 4 4 4 4

Range (years) 1-7 2-7 2-12 2-8

Table 1: Demographic data by sex characteristics for study population TD and ASD group.

Note: TD:  Typical Development; ASD: Autism Spectrum Disorder

Age (years) Height 
(cm)

Weight 
(kg)

OFC 
(cm)

Left 
Ear 
(cm)

Right 
Ear 
(cm)

Outer 
Canthus 

(cm)

Interpupillary 
Distance (cm)

Inner 
Canthus 

(cm)

Philtrum 
(cm)

Left 
Hand 
(cm)

Right 
Hand 
(cm)

Left 
Finger 
(cm)

Right 
Finger 
(cm)

Left 
Feet 
(cm)

Right 
Feet 
(cm)

1 ≤ 2

N 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Mean 105.00 16.30 50.00 4.80 4.70 8.80 5.20 3.50 1.30 7.60 7.80 4.90 5.00 18.00 18.30

Median 105.00 16.30 50.00 4.80 4.70 8.80 5.20 3.50 1.30 7.60 7.80 4.90 5.00 18.00 18.30

Standard 
Deviation - - - - - - - - - - - - - - -

Minimum 105.00 16.30 50.00 4.80 4.70 8.80 5.20 3.50 1.30 7.60 7.80 4.90 5.00 18.00 18.30

Maximum 105.00 16.30 50.00 4.80 4.70 8.80 5.20 3.50 1.30 7.60 7.80 4.90 5.00 18.00 18.30

2 ≤ 3

N 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38

Mean 94.32 14.25 49.87 5.17 5.24 8.31 5.40 2.72 1.48 6.64 6.65 4.93 4.93 15.04 15.01

Median 95.00 14.00 50.00 5.10 5.25 8.50 5.45 2.70 1.40 6.50 6.50 5.00 5.00 15.00 15.00

Standard 
Deviation 4.45 1.61 1.21 0.48 0.42 0.50 0.45 0.41 0.37 0.42 0.39 0.53 0.55 1.26 1.21

Minimum 85.00 12.00 47.00 4.00 4.20 7.20 4.50 1.80 1.00 5.80 6.00 4.00 	 4.00 12.00 12.80

Maximum 104.00 18.00 52.00 6.50 6.50 9.10 6.50 3.50 2.00 7.50 7.50 6.00 6.00 17.50 18.00

3 ≤ 4

N 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93

Mean 99.57 15.94 50.10 5.30 5.32 8.40 5.46 2.81 1.38 6.99 6.98 5.08 5.10 15.82 15.88

Median 99.00 16.00 50.00 5.30 5.30 8.40 5.50 2.80 1.30 7.00 7.00 5.00 5.00 16.00 16.00

Standard 
Deviation 5.19 2.42 1.65 0.35 0.37 0.38 0.29 0.26 0.39 0.48 0.46 0.44 0.45 1.09 1.10

Minimum 88.00 11.50 44.00 4.50 4.30 7.20 4.70 2.10 0.80 6.00 6.00 4.00 4.20 13.50 13.50

Maximum 112.50 29.00 54.50 6.00 6.00 9.00 6.00 3.40 2.50 8.50 8.00 6.00 6.00 18.70 18.30

4 ≤ 5

N 71 71 71 71 71 71 71 71 71 71 71 71 71 71 71

Mean 105.48 17.18 50.65 5.51 5.49 8.64 5.45 3.03 1.55 7.30 7.31 5.34 5.35 16.75 16.79

Median 105.50 17.00 50.50 5.50 5.50 8.60 5.50 3.00 1.50 7.30 7.20 5.40 5.50 16.50 16.60

Standard 
Deviation 4.76 2.33 1.54 0.51 0.54 0.31 0.29 0.31 0.46 0.49 0.47 0.48 0.45 1.13 1.19

Minimum 95.50 13.00 47.50 4.60 4.50 7.80 4.90 2.00 0.80 6.00 6.30 4.00 4.20 14.50 14.50

Maximum 115.00 26.00 55.00 6.50 6.80 9.20 6.50 3.70 3.00 8.50 8.50 6.50 6.50 20.00 20.50

5 ≤ 6

N 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90

Mean 111.62 19.57 50.94 5.65 5.66 8.73 5.60 3.06 1.51 7.64 7.65 5.69 5.73 17.83 17.88

Median 111.00 19.50 51.00 5.60 5.80 8.80 5.60 3.00 1.30 7.50 7.50 5.70 5.80 17.60 17.85

Standard 
Deviation 6.04 2.86 1.46 0.49 0.49 0.42 0.29 0.31 0.38 0.54 0.57 0.50 0.47 1.62 1.60

Minimum 98.60 10.30 47.20 4.50 4.30 7.40 4.90 2.40 1.00 6.70 6.40 4.60 4.80 14.50 15.00

Maximum 126.00 28.00 54.50 6.50 6.50 9.50 6.50 3.70 2.30 9.00 9.00 7.20 7.00 24.00 23.50

6 ≤ 7 N 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57

Table 2: Physical Measurements for 15 body parts for Males with Typical Development.
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Mean 116.08 20.52 51.76 5.68 5.70 8.86 5.70 3.04 1.54 7.94 7.90 5.82 5.79 18.23 18.27

Median 116.00 20.20 51.50 5.60 5.60 8.90 5.80 3.10 1.50 8.00 8.00 5.90 5.90 18.00 18.00

Standard 
Deviation 5.73 2.67 1.54 0.43 0.45 0.42 0.30 0.28 0.39 0.59 0.62 0.54 0.53 1.67 1.70

Minimum 106.00 14.00 48.50 4.50 4.50 8.00 4.80 2.10 0.80 7.00 6.90 4.60 4.80 14.50 15.00

Maximum 127.00 28.00 56.00 6.50 6.50 9.80 6.50 3.50 2.50 9.50 9.50 7.20 7.00 23.00 23.00

7 ≤ 8

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Mean 121.50 22.57 52.30 5.77 5.77 8.47 5.53 3.03 1.30 8.53 8.43 6.13 6.23 20.00 20.07

Median 125.00 22.00 52.50 6.00 6.00 9.00 5.70 3.20 1.30 8.50 8.30 6.00 6.00 20.00 20.00

Standard
Deviation 6.50 2.79 1.21 0.68 0.68 0.92 0.38 0.38 0.10 0.55 0.51 0.32 0.49 2.00 2.10

Minimum 114.00 20.10 51.00 5.00 5.00 7.40 5.10 2.60 1.20 8.00 8.00 5.90 5.90 18.00 18.00

Maximum 125.50 25.60 53.40 6.30 6.30 9.00 5.80 3.30 1.40 9.10 9.00 6.50 6.80 22.00 22.20

Total

N 353 353 353 353 353 353 353 353 353 353 353 353 353 353 353

Mean 106.13 17.73 50.69 5.48 5.50 8.60 5.53 2.95 1.48 7.35 7.34 5.40 5.42 16.86 16.91

Median 106.00 17.00 50.80 5.50 5.50 8.60 5.50 3.00 1.30 7.30 7.30 5.50 5.50 17.00 17.00

Standard 
Deviation 8.98 3.27 1.63 0.48 0.49 0.44 0.33 0.33 0.40 0.66 0.66 0.59 0.58 1.77 1.79

Minimum 85.00 10.30 44.00 4.00 4.20 7.20 4.50 1.80 0.80 5.80 6.00 4.00 4.00 12.00 12.80

Maximum 127.00 29.00 56.00 6.50 6.80 9.80 6.50 3.70 3.00 9.50 9.50 7.20 7.00 24.00 23.50

Age (years) Height 
(cm)

Weight 
(kg)

OFC 
(cm)

Left 
Ear 
(cm)

Right 
Ear 
(cm)

Outer 
Canthus 

(cm)

Interpupillary 
Distance (cm)

Inner 
Canthus 

(cm)

Philtrum 
(cm)

Left 
Hand 
(cm)

Right 
Hand 
(cm)

Left 
Finger 
(cm)

Right 
Finger 
(cm)

Left 
Feet 
(cm)

Right 
Feet 
(cm)

1 ≤ 2

N 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24

Mean 91.00 14.17 49.01 5.03 4.95 8.53 5.39 2.93 1.52 6.41 6.43 4.83 4.82 14.75 14.81

Median 91.75 14.00 49.00 5.00 5.00 8.50 5.30 3.10 1.50 6.50 6.50 4.80 4.75 14.50 14.50

Standard 
Deviation 3.80 3.49 1.50 0.46 0.45 0.52 0.51 0.33 0.39 0.46 0.46 0.59 0.52 1.40 1.36

Minimum 84.00 10.00 46.00 4.00 4.00 8.00 4.50 2.00 1.00 5.40 5.50 4.00 4.00 13.00 12.50

Maximum 97.00 29.00 51.50 6.00 5.50 9.50 6.50 3.20 2.00 7.00 7.00 6.00 6.00 19.00 19.00

2 ≤ 3

N 64 64 64 64 64 64 64 64 64 64 64 64 64 64 64

Mean 98.51 15.07 49.22 5.19 5.18 8.37 5.35 2.83 1.43 6.84 6.82 5.07 5.08 15.48 15.55

Median 98.50 15.00 49.50 5.00 5.00 8.50 5.40 2.80 1.30 7.00 7.00 5.00 5.00 15.45 15.50

Standard 
Deviation 5.04 2.32 1.35 0.41 0.40 0.38 0.31 0.26 0.38 0.51 0.50 0.48 0.46 1.14 1.11

Minimum 84.00 11.20 45.00 4.00 4.00 7.40 4.60 2.00 0.80 6.00 6.00 4.00 4.00 13.50 13.50

Maximum 110.50 25.00 52.00 6.50 6.50 9.50 6.00 3.40 2.20 8.00 7.60 6.00 6.00 18.30 18.00

3 ≤ 4

N 77 77 77 77 77 77 77 77 77 77 77 77 77 77 77

Mean 104.99 16.77 50.12 5.29 5.27 8.61 5.36 3.11 1.36 7.13 7.14 5.28 5.28 16.29 16.31

Median 104.00 17.00 50.00 5.30 5.30 8.50 5.40 3.20 1.30 7.10 7.00 5.20 5.20 16.50 16.50

Standard 
Deviation 5.26 1.89 1.48 0.39 0.43 0.29 0.29 0.26 0.33 0.51 0.53 0.51 0.49 1.12 1.10

Minimum 92.70 12.00 45.00 4.50 4.00 8.00 4.50 2.50 0.90 6.00 6.00 4.00 4.00 12.50 13.50

Maximum 117.00 21.00 53.00 6.10 6.20 9.20 6.00 3.50 2.20 8.50 8.50 6.10 6.10 18.90 19.00

4 ≤ 5

N 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86

Mean 111.90 19.03 50.69 5.42 5.42 8.79 5.56 3.14 1.51 7.47 7.47 5.71 5.69 17.41 17.51

Median 112.50 18.20 50.80 5.50 5.50 8.80 5.60 3.10 1.40 7.50 7.50 5.70 5.70 17.00 17.20

Standard 
Deviation 6.03 2.77 1.33 0.52 0.51 0.35 0.32 0.28 0.41 0.48 0.49 0.49 0.47 1.38 1.38

Minimum 95.50 13.50 47.30 4.00 4.00 8.00 4.50 2.40 0.80 6.20 6.20 4.50 4.10 14.20 14.50

Maximum 125.00 27.00 54.00 6.50 6.50 9.50 6.50 3.80 2.70 8.50 8.50 7.00 6.80 23.00 23.00

Table 3: Physical Measurements for 15 body parts for females with typical development.
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5 ≤ 6

N 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51

Mean 115.38 20.07 50.88 5.42 5.40 8.95 5.67 3.12 1.46 7.57 7.60 5.69 5.71 17.86 17.95

Median 115.00 20.10 50.80 5.50 5.50 9.00 5.70 3.00 1.30 7.50 7.50 5.80 5.90 17.90 18.00

Standard 
Deviation 4.54 2.69 1.41 0.47 0.46 0.42 0.34 0.26 0.38 0.44 0.42 0.43 0.43 1.04 1.13

Minimum 106.00 10.50 48.00 4.00 4.00 7.90 5.00 2.40 1.00 6.60 6.60 4.50 4.80 15.50 15.50

Maximum 126.50 27.00 54.00 6.50 6.50 9.80 6.80 3.60 2.30 8.50 8.60 6.50 6.60 20.20 20.50

6 ≤ 7

N 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57

Mean 116.08 20.52 51.76 5.68 5.70 8.86 5.70 3.04 1.54 7.94 7.90 5.82 5.79 18.23 18.27

Median 116.00 20.20 51.50 5.60 5.60 8.90 5.80 3.10 1.50 8.00 8.00 5.90 5.90 18.00 18.00

Standard 
Deviation 5.73 2.67 1.54 0.43 0.45 0.42 0.30 0.28 0.39 0.59 0.62 0.54 0.53 1.67 1.70

Minimum 106.00 14.00 48.50 4.50 4.50 8.00 4.80 2.10 0.80 7.00 6.90 4.60 4.80 14.50 15.00

Maximum 127.00 28.00 56.00 6.50 6.50 9.80 6.50 3.50 2.50 9.50 9.50 7.20 7.00 23.00 23.00

7 ≤ 8

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Mean 121.50 22.57 52.30 5.77 5.77 8.47 5.53 3.03 1.30 8.53 8.43 6.13 6.23 20.00 20.07

Median 125.00 22.00 52.50 6.00 6.00 9.00 5.70 3.20 1.30 8.50 8.30 6.00 6.00 20.00 20.00

Std. 
Deviation 6.50 2.79 1.21 0.68 0.68 0.92 0.38 0.38 0.10 0.55 0.51 0.32 0.49 2.00 2.10

Minimum 114.00 20.10 51.00 5.00 5.00 7.40 5.10 2.60 1.20 8.00 8.00 5.90 5.90 18.00 18.00

Maximum 125.50 25.60 53.40 6.30 6.30 9.00 5.80 3.30 1.40 9.10 9.00 6.50 6.80 22.00 22.20

Total

N 353 353 353 353 353 353 353 353 353 353 353 353 353 353 353

Mean 106.13 17.73 50.69 5.48 5.50 8.60 5.53 2.95 1.48 7.35 7.34 5.40 5.42 16.86 16.91

Median 106.00 17.00 50.80 5.50 5.50 8.60 5.50 3.00 1.30 7.30 7.30 5.50 5.50 17.00 17.00

Standard 
Deviation 8.98 3.27 1.63 0.48 0.49 0.44 0.33 0.33 0.40 0.66 0.66 0.59 0.58 1.77 1.79

Minimum 85.00 10.30 44.00 4.00 4.20 7.20 4.50 1.80 0.80 5.80 6.00 4.00 4.00 12.00 12.80

Maximum 127.00 29.00 56.00 6.50 6.80 9.80 6.50 3.70 3.00 9.50 9.50 7.20 7.00 24.00 23.50

Height 
(cm)

Weight 
(kg)

BMI 
(kg/
m2)

OFC 
(cm)

Left 
ear 

length 
(cm)

Right 
ear 

length 
(cm)

Outer 
Canthus 

(cm)

Inter-pupillary 
(cm) Distance 

(cm)

Inner 
Canthus 

(cm)

Philtrum 
(cm)

Left 
Hand 
length 
(cm)

Right 
Hand 
length 
(cm)

Left 
Finger 
length 
(cm)

Right 
Finger 
length 
(cm)

Left 
Foot 

Length 
(cm)

Right 
foot 

length 
(cm)

Male n

1-2 39 94.60 ± 
0.75

14.30 
±0.26

15.99 
±0.24

49.87 
±0.19

5.16  
±0.08

5.23 
±0.07

8.32 ± 
0.08 5.40 ±0.07 2.74 

±0.07
1.47 
±0.06

6.66 
±0.07

6.68 
±0.07

4.93 
±0.0

4.93 
±0.09

15.12 
0.21

15.09 
±0.21

3-4 164 102.13 
± 0.45

16.48 
±0.19

15.80 
±0.17

50.34 
±0.13

5.39 
±0.03

5.39 
±0.04

8.50 ± 
0.03 5.45 ±0.02 2.91 

±0.02
1.46 
±0.03

7.13 
±0.04

7.12 
±0.04

5.19 
±0.04

5.21 
±0.04

16.22 
±0.09

16.27 
±0.10

5-6 147 113.35 
± 0.52 

19.94 
±0.23

15.51 
±0.15

51.26 
±0.13

5.66 
±0.04

5.68 
±0.04

8.78 ± 
0.04 5.64 ±0.02 3.05 

±0.02
1.52 
±0.03

7.76 
±0.05

7.75 
±0.05

5.74 
±0.04

5.76 
±0.04

17.98 
±0.14

18.03 
±0.14

7-8 3 121.50 
± 3.75

22.57 
±1.61

15.27 
±0.70

52.30 
±0.70

5.77 
±0.39

5.77 
±0.39

8.47 ± 
0.53 5.53 ±0.22 3.03 

±0.22
1.30 
±0.06

8.53 
±0.32

8.43 
±0.30

6.13  
±0.19

6.23 
±0.28

20.00 
±1.15

20.07 
±1.21

Fe-
male n Mean ± SE

1-2 24 91.00 
±0.77

14.17 
0.71

17.06 
±0.78

49.01  
±0.31

5.03 
±0.09

4.95 
±0.09

8.53 
0.11 5.39 ±0.10 2.93 

±0.07 1.52 0.08 6.41 
±0.09

6.43 
±0.09

4.83 
0.12

4.82 
±0.11

14.75 
±0.29

14.81 
0.28

3-4 141 102.05 
± 0.51

16.00 
±0.19

15.35 
±0.14

49.71 
±0.13

5.24 
±0.03

5.23 
±0.04

8.50 ± 
0.03 5.36 ±0.03 2.98 

±0.03
1.39 
±0.03

7.00 
±0.04

7.00 
±0.05

5.19 
±0.04

5.19 
0.04

15.92 
±0.10

15.97 
±0.10

5-6 137 113.20 
± 0.49

19.42 
±0.24

15.12 
±0.14

50.76 
±0.12

5.42 
±0.04

5.42 
±0.04

8.85 ± 
0.03 5.60 ±0.03 3.13 

±0.02
1.49 
±0.03

7.51 
±0.04

7.52 
±0.04

5.70 
±0.04

5.70 
±0.04

15.58 
±0.11

17.67 
±0.11

7-8 3 120.77 
± 2.61

22.83 
±2.13

15.58 
±0.85

52.00 
±0.00

5.60 
±0.23 5.47 0.09 9.20 ± 

0.06 5.67 ±0.13 3.30 0.06 1.67 
±0.33

8.03 
±0.20

8.10 
0.26

6.13 
±0.13

6.10 
±0.25

18.70 
0.85

18.83 
±0.92

Table 4: Comparison of height, weight, BMI (Body Mass Index), OFC (�����������������������������������������������������������������������������������������������Occipital Frontal Circumference), Left and Right Ear length, Outer Canthus, Interpupillary Dis-
tance, Inner Canthus, Philtrum, Left and Right Hand length, Left and Right Finger length, Left and Right Foot by sex ( Specified Units ± Standard Error of the Mean).
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(p=0.009), outer (p=0.021) and inner (p=0.021) canthus, philtrum 
length (p=0.003), right (p=0.023) and left (p=0.020) foot length.

Discussion
Our study group has an on-going study to investigate the physical 

measurements and dysmorphology in children with ASD. In order 

to recognize general dysmorphology and detect deviations of body 
measurements in ASD children, there is a need to set up a norm data 
of physical measurements collected from TD children as control. The 
physical measurements including height, weight, OFC, outer and 
inner canthi distances, interpupillary distance, ear, finger, hand and 
foot length were collected from typically developing Chinese children 

	

Levene's Test 
for Equality of 

Variances

Student t-test for Equality of Means
95% Confidence Interval of 

the Difference

F Sig. t df Sig. 
(2-tailed) *

Mean Dif-
ference

Std. Error 
Difference Lower Upper

Height
Equal variances assumed 1.934 .165 1.320 736 .187 1.454 1.102 -.709 3.616

Equal variances not 
assumed 1.115 91.877 .268 1.454 1.304 -1.137 4.04

Weight
Equal variances assumed 4.181 .041 1.491 736 .137 .617 .414 -.196 1.429

Equal variances not 
assumed 1.076 87.400 .285 .617 .573 -.522 1.756

OFC
Equal variances assumed .961 .327 2.625 736 .009 .508 .194 .128     .889

Equal variances not 
assumed 2.408 95.054 .018 .508 .211 .089     .928

Left Ear
Equal variances assumed .315 .575 .232 736 .816 .0134 .058 -.100 .127

Equal variances not 
assumed .217 95.891 .829 .0134 .062 -.109 .136

Right Ear
Equal variances assumed .160 .689 .754 736 .451 .044 .059 -.071 .159

Equal variances not 
assumed .703 95.786 .484 .044 .063 -.081 .169

Outer Canthus
Equal variances assumed 1.157 .282 2.305 736 .021 .123 .053 .018 .227

Equal variances not 
assumed 1.871 90.573 .065 .123 .066 -.008 .253

Interpupillary Distance
Equal variances assumed
Equal variances not 
assumed

2.473 .116 1.673
1.833

736
104.810

.095

.070
.067
.067

.040

.036
-.012
-.005

.145

.139

Inner Canthus
Equal variances assumed .787 .375 2.310 733 .021 .089 .038 .013 .164

Equal variances not 
assumed 2.143 95.616 .035 .089 .041 .007 .170

Philtrum
Equal variances assumed .050 .823 -3.002 736 .003 -.141 .047 -.234 -.049

Equal variances not 
assumed -2.771 95.322 .007 -.141 .051 -.242 -.040

Left Hand
Equal variances assumed 5.770 .017 -.347 736 .729 -.027 .078 -.181 .127

Equal variances not 
assumed -.279 90.294 .781 -.027 .098 -.221 .167

Right Hand
Equal variances assumed 4.569 .033 -.076 736 .940 -.006 .078 -.160 .148

Equal variances not 
assumed -.062 90.569 .951 -.006 .097 -.198 .186

Left Finger
Equal variances assumed .692 .406 -1.038 736 .300 -.073 .070 -.211 .065

Equal variances not 
assumed -.919 93.634 .360 -.073 .079 -.231 .085

Right Finger
Equal variances assumed 1.139 .286 -.350 736 .726 -.024 .069 -.160 .111

Equal variances not 
assumed -.307 93.272 .759 -.024 .079 -.180 .132

Left Foot
Equal variances assumed 1.046 .307 2.278 736 .023 .467 .205 .065 .868

Equal variances not 
assumed 1.984 92.984 .050 .467 .235 -.000 .933

Right Foot
Equal variances assumed 1.297 .255 2.336 736 .020 .481 .206 .077 .885

Equal variances not 
assumed 2.050 93.267 .043 .481 .235 .015 .947

Table 5: Comparison of statistical analysis for the 15 physical measurements between TD and ASD group.
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in the general population without medical conditions or diagnosis. In 
this pilot study, we compared the physical measurements in TD group 
and compared against a group of ASD children for comparison. We 
report statistical differences reported for head circumference, outer 
and inner canthus, philtrun length, and foot length. Our main results 
were that there is statistical difference in the physical measurements 
between the TD and ASD group. The differences in the physical 
measurements observed in the TD group reported in this study 
showed the importance of normative data. The comparisons for the 
progression of change in height, weight and head circumference are 
standard evaluations for growth assessment. The comparison provides 
important reflection on the health, nutritional state and overall 
clinical impression for a child. While it is not used as a diagnostic 
instrument, the quantification and the detection of deviations can 
provide early insights for possible underlying problems during the 
initial and subsequent assessments. 

In 2010, the CDC recommended that healthcare providers in 
United States shall use the WHO growth standards to monitor 
growth for infants and children less than 24 months and the CDC 
growth charts for children beyond 24 months [8]. The WHO 
child growth charts were updated with new international growth 
standard statistical distribution in 2006 for the growth of healthy 
children living under optimal conditions [9]. The use of both WHO 
and CDC growth charts are intended for all children regardless of 
socioeconomic status and ethnicity, however there are studies to 
suggest that they may not be suitable for all populations [10,11]. In 
recent studies, there are researchers that questioned whether the uses 
of WHO growth standards are applicable for a Chinese population, 
specifically for children in Hong Kong [12]. Based on the 1997 Hong 
Kong birth cohort as the population based study - they found that the 
weight for age was close to the 50th percentile of the WHO standards 
for both boys and girls before 3 years of age, however, toddlers at age 
of 3 were on average, shorter [11]. Similarly, in Hong Kong, the Body 
Mass Index (BMI) of Chinese and Caucasian infants was assessed and 
it was evident that ethical differences between populations exists [13]. 
In Beijing, China, BMI percentile curves were created of 7-18 years 
of aged Chinese children and then compared to the WHO and CDC 
charts. The investigators found that BMI distributions in China were 
substantially different from WHO and CDC references. Specifically, 
Chinese girls were lower in reference values and younger Chinese 
boys had higher proportions of extreme BMI values in both directions 
[14]. In United Kingdom (UK), Wright and colleagues assessed the 
potential effect for use of the WHO growth charts for monitoring UK 
children. Their results show that at birth, UK children were longer 
and heavier than the WHO standard and the WHO growth charts 
would set a lower standard for weight gain for UK infants [10]. 
Subsequently, new charts UK growth charts were created for children 
aged 0-4 years old to describe the optimal pattern of growth for UK 
children [9]. The comparable differences observed in across the 
mentioned studies challenged whether a universal growth standard 
is applicable across all populations. A growth standard that is tailored 
to individual populations (with varying nourishment and feeding 
patterns) will better reflect ethnic-racial diverse populations. The 
variation for human growth patterns exists not only between ethnic 
groups but also between regions. A growth standard created within 
a region of an ethnic group would better reflect the physical growth 

status of children in a sampled population. 

Focusing specifically on Chinese children, there are population-
based studies for growth charts that was previously created. There 
are growth patterns and measurement studies for Chinese children, 
including – physical growth status for height, weight, sitting-height 
and chest circumference in China [15] reference curves for weight, 
length/height, head circumference for children under 7 years of age in 
Beijing, China [16,17]; height and weight growth charts from birth to 
18 years by the National Growth Survey of Children and the Physical 
Fitness and Health Surveillance of Chinese School Students in China 
from birth to 18 years old [16] longitudinal growth standards for 
height, weight, sitting height, arm span, skin-fold thickness, body 
mass index and ratio of sitting height or arm span to stature in Taiwan 
[18] and waist circumference and waist-to-height ratio for children in 
Hong Kong [19].

In 1993, a growth survey of approximately 25,000 Hong Kong 
children from birth to 18 years of age was performed [20]. Locally 
derived growth charts from a territory wide cross-sectional growth 
survey are still currently in used in Hong Kong. This set of growth 
charts are developed by The Chinese University of Hong Kong 
in 1993 with growth parameters measured for weight, height, 
head circumference, sitting height, upper to lower segment ratio, 
age of pubertal changes – breast development in girls and penile 
development in boys, triceps and sub scapular skin fold thickness and 
BMI [20,21]. In the current study, the author reported the norm data 
of physical measurement for 658 Chinese TD children aged 1 to 7 
years old undertaken between 2010-2011 in Hong Kong. The physical 
measurements in TD children are shown to be significantly different 
than a group of ASD children used for comparison. The current study 
is a pilot study launched and a major limitation of this study is the 
small sample size. Based on the preliminary results from this data, our 
study group is currently in progress of a more representative study 
with a larger sample size. 

In our study, we attempt to establish a normative standard data 
for physical body measurements in Hong Kong Chinese children. The 
application of western data on Chinese children has been shown to be 
inapplicable for diagnosis and evaluation. Hence, there are practical 
uses for the norm data established in this pilot study for future 
diagnostic use and clinical comparisons beyond ASD and for other 
neurological, genetic disorders.

The use of physical measurements in children is important for 
providing early insights for genetic syndromes and clinical evaluation. 
As part of a pilot study, we expect the advancements in methodology to 
further exemplify the results found in this study. The use of advanced 
imaging systems with high-precision would validate results with 
accuracy and speed. We propose the use of 3dMDface camera system 
– an imaging system for ultra-fast, high-precision 3D surface imaging 
device (3dMD 2011). The 3dMDface system is a non-invasive imaging 
system that provides high-precision anatomical documentation of 
body surfaces and provides a 180-degree capture (ear to ear) coverage 
in less than 1.5 milliseconds. This system would allow researchers to 
acquire 3D data for anthropometric facial coordinates and analysis 
facial morphology. We hope to apply the use of this imaging system 
at DKCH and QMH to better record the quantitative data on physical 
measurements for all children during developmental assessment. The 
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information collected would assist the basis for condition assessment, 
treatment planning, and progress monitoring. The use of a high-
precision imaging system would eliminate any human-made or inter-
rater variations and greatly improve power for research analyses. 
The use of this imaging system would allow researchers to further 
exemplify dysmorphology and minor physical anomalies in children. 
The use of quantitative measures is important for identification of 
dysmorphic features and differentiating what is within or outside of 
normal range. Hence, the setup of a norm data is of utmost priority to 
recognize any abnormality of morphological features in the children. 

Conclusion
The current study served as a pilot study for the creation of a norm 

data of physical measurements for Chinese children in Hong Kong. 
Future confirmative studies should continue to expand and develop 
on the data collected in this study, with an expansion of recruitment 
for children and adolescent in older age groups. A validated norm 
data would aid in pediatricians to recognize differences and variations 
in children for a wide range of developmental and genetic disorders.
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