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ABSTRACT 

Purpose: To determine the correlation between vertical face height and sitting height in pubertal 

and post-pubertal African black adolescents, assess for any sexual dimorphism, and to determine 

predictors for the vertical face height. 

Materials and Methods: This retrospective cross-sectional study was conducted on 562 pubertal 

and post-pubertal South African black adolescents. Inclusion criteria were healthy African black 

females and males, chronological age range of 9-19 years old, no previous orthodontic treatment, 

and Class I skeletal and dental growth patterns. Lateral cephalograms, left hand wrist 

radiographs, and anthropometric measurements including weight and stature, and its 

components: sitting height and leg length were collected by one investigator. Pearson’s 

correlation coefficient was used to assess the correlation between the vertical facial components 

and the sitting height by gender. Multivariate linear regression analyses were conducted to 

determine predictors of vertical facial heights. 

Results: Five hundred sixty-two African adolescents (289 females, 273 males; mean 

chronological age = 13.3 years old (SD=2.54), mean skeletal age = 12.83 (SD=2.63) were 

included. There was a strong correlation between the chronological age and the skeletal GP ages 

of the sample (r=0.89, P < 0.001). Overall, the sitting height showed a moderate correlation with 

the total face height (r=0.58, p < 0.001) and its components: the upper face height (r=0.46, p < 

0.001) and the lower face height (r=0.49, p < 0.001). When assessed by gender, in males, the 

sitting height had a slightly stronger correlation with the lower face height (r=0.51, p < 0.001) as 
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compared to the upper face height (r=0.45, p < 0.001). In females, the correlation was similar 

between the two components. The multivariable linear regression models suggested that sitting 

height, sex, leg length, BMI, and chronological age were good predictors for the total face height 

of the sample (R Square=0.46). Chronological age, sitting height, sex, and BMI predicted lower 

face height (R Square=0.33). Sitting height, leg length, sex, and BMI predicted upper face height 

(R Square=0.29). For females, the sitting height, leg length and BMI were good predictors for 

the total face height (R Square=0.42), the lower face height (R Square=0.29), and the upper face 

height (R Sqaure=0.25). The sitting height was also a predictor for the Y axis angle (R 

Square=0.01). For males, the skeletal age, sitting height, chronological age, BMI, and leg length 

were predictors for the total face height (R Square=0.44), upper face height (R Square=0.26), 

and lower face height (R Square=0.34). Chronological age, sitting height, and BMI were 

predictors for the lower face height (R Square=0.34). Skeletal age, leg length, and sitting height 

predicted the upper face height (R Square=0.26). None of the anthropometric measurements 

predicted the males’ Y axis angle. 

Conclusions: A positive correlation was found between the sitting height and the vertical face 

heights in both genders. The multivariable regression models suggested that the sitting height 

was a good predictor for all the vertical dimensions of the face for both genders. The sitting 

height could be a beneficial tool in determining the timing of the vertical face growth in the 

orthodontic office. 
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LITERATURE REVIEW 

In the field of orthodontics, it is crucial to understand how the facial structures grow and 

change throughout childhood, adolescence, and adulthood. Of utmost importance is the 

understanding of where the growth occurs, in which direction, and how much growth remains in 

a patient undergoing orthodontic treatment. One of the determinants of orthodontic diagnosis and 

treatment planning is an evaluation of a patient’s deviation or accompaniment with normal 

cephalometric standards of craniofacial growth. Prediction of growth is a very desirable goal of 

orthodontists that is still to this date challenging. Prediction of growth in the vertical dimension 

is particularly imperative because it is the last to be completed, and can be detrimental to the 

success of orthodontic treatment that involves dental and facial surgery in younger individuals. 1-

Assessment of Development and Maturity 

As cited by Stewart et al, 6 the age of an individual can be determined by several methods 

such as chronological age, skeletal age, biological age, morphological age, dental age, 

circumpubertal age, behavioral age, mental age and self–concept age. The easily determined 

developmental age is the chronological age, which is simply the actual age in years or months, 

determined from the child’s birth date. 7, 8 However, chronological age is not always a valid 

predictor for skeletal growth and does not necessarily correlate well with the maturational status 

of a child. 7-11 Instead, there are various methods that are used to determine an individual’s 
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maturity such as sexual maturation characteristics, 7, 10, 12 dental development, 13-16 standard 

height, 9, 17-19, and skeletal maturation using radiographs including hand-wrist radiographs, 7, 20, 21 

and cervical vertebral maturation. 22-26 The most commonly used measure is radiographic 

skeletal maturation which illustrates the degree of maturation of an individual’s bones. 7, 27 The 

basis for skeletal age is that a particular ossification center appears and matures at a particular 

time of age. 7, 8 Our knowledge of radiographic skeletal maturation stems from longitudinal 

studies done on children that obtained serial radiographs in accord with anthropological 

measurements. 9-11 Hand-wrist radiography has been the commonly used method of determining 

skeletal maturity and was for many years the standard for skeletal development. 7 A radiograph 

of the hand and wrist provides a view of bones all of which present with a predictable sequence 

of ossification. An assessment of the level of development of the bones in the wrist, hand, and 

fingers can give a precise picture of a child’s skeletal development status. In order to do this, the 

radiograph of a patient is compared with standard radiographic images from an atlas, or 

compared with specific given methods. 7, 8, 28 In the last few years, multiple authors proposed the 

cervical vertebral maturation method to be used in the assessment of skeletal age and as an 

alternative to the hand-wrist method. 23, 29-31 Since cephalometric radiographs are taken routinely 

in an orthodontic clinic, this method possessed the advantage of eliminating the unnecessary 

added radiograph of the hands. While there has been questioning of the precision of the skeletal 

age using this method, 32 Many studies determined that the accuracy is similar to hand-wrist 

radiographs, and any improvement from the hand-wrist does not justify the additional radiation. 

24, 25 
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A recent cohort study by Calfee et al 33 assessed the relationship between skeletal and 

chronological ages among current American adolescents. Their investigation determined a 

significant discrepancy between skeletal and chronological age. They found the skeletal ages of 

females to be exceeding their chronologic age between the ages of 12–15 years old. Fishman et 

al 9 reported in 1979 that in adolescence, many differences in physiological growth occur in the 

development of individuals having the same chronological age. They found that when it comes 

to skeletal growth, an individual might be deviated in several degrees of impedance or 

development from the actual chronological age. They observed the majority of individuals to 

have discrepancies between the two ages at most developmental levels. 

Standard Height and Craniofacial Growth 

A well-known relationship exists between growth of the craniofacial complex and general 

skeletal growth of the body. 5, 9 Standard height also known as stature was used as a measure of 

general skeletal maturation either by itself or in conjunction with hand-wrist radiographs. 34, 35 

Pubertal growth curves of stature were widely studied in the literature. Evidence from multiple 

authors found that the average ages at the onset and peak of pubertal growth in stature are 12 and 

14 for boys, and 10 and 12 in girls. 21, 36, 37 Mellion et al 19 however, found agreement with only 

the boys. They found the girls to be accelerated by almost a year, having the onset and peak in 

stature at 9.3 years and 10.9 years, respectively. 

When it comes to facial growth, there is variance in the literature regarding the relationship 

between the timing of the spurts in the face, and stature. A common observation was that the 
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maximum rate of the pubertal facial growth occurs slightly later than the statural growth peak. 18, 

20, 38-41 Bambha et al 38 noted that the durations of growth of both are similar during the pubertal 

growth. Others argued that the maximum facial growth coincides with maximum stature growth. 

5, 18, 42 Mellion et al 19 based on their larger sample argued that the onset in stature occurs at the 

same time as the onset in the face and the mandible in boys, and a bit earlier in girls. They found 

that in both sexes, the peak in stature has a shorter duration and occurs a few months before that 

of the face and mandible. 

It was also reported that of all the facial measurements, mandibular growth exhibited the 

most consistent relationship with growth in stature throughout adolescence. 18, 43, 44 The 

mandibular growth spurt was reported in some studies to occur about 6 months after the peak in 

stature velocity. 38, 45 Others, however, reported that peak to occur at almost the same time as the 

peak in stature, or the difference between the peaks of the two was found to be insignificant. 34, 35 

Furthermore, a significant association between skeletal maturity and facial growth was 

interpreted in studies relating delays or acceleration in facial growth in persons who exhibit 

delayed or accelerated skeletal maturity. 9, 38, 44, 46 On the other hand, Bishara et al 17 and Cozza et 

al 47 found stature and body measurements not to be good indicators of craniofacial growth. 17, 47 

It is recognized that the different parts of the body have different rates of growth and 

different timing of the increments of maximum growth. 48 Stature is composed of two major 

segments: Sitting height (defined as a measurement of the head plus the body trunk) and leg 

length (defined as a measure of the iliac height and the subischial leg length). (Figure 1) 49 
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Because it is the changes in the upper and lower body segments that cause statural growth, it is 

crucial to include the sitting height and leg length in ones analysis of growth. Moreover, it is 

important to recognize that the patterns of this relative growth of the trunk and lower extremities 

vary among different populations. 50-55 It has been established that leg length reaches its peak 

growth velocity earlier than the trunk or upper body. 56 These changes have been described by 

Gasser et al 57 who noted that in their sample, the pubertal leg length spurt preceded the trunk 

spurt by eight months. Likewise, Smith et al 58 and Cameron et al 59 found the peak velocity of 

leg length occurring before the peak velocity of the sitting height. Previous studies suggested 

that increases in stature are proportional. 56 However, there is evidence to indicate that leg length 

grows more in length than the sitting height. This evidence stemmed from longitudinal studies 

completed on US and Japanese children, adolescents, and young adults between the 1880’s and 

1960’s. 60-62 Divergences of adult dimensions of fathers and sons attending a university between 

1830 and 1930 yielded similar results in both populations, particularly in males, of larger 

generational increase in leg length than in sitting height. 63 The reverse, however, was evident in 

comparisons done on mothers and daughters, and the generational increase was larger in sitting 

height than in leg length, 62, 63 suggesting gender differences in the proportionality of stature. 

Data from the US National Health Survey (NHIS) done between 1966 and 1970 on white and 

black children aged 12-17 years old exhibited that white children of both sexes had larger mean 

lengths of the trunk while black children had greater mean lengths of the limbs. 49 

Evidence showed similar stature growth spurts when comparing the timing and magnitude 

of the peak velocities between American white and American black males aged 12-18 years old. 

49 There were no differences found in the mean heights between the two groups throughout a 
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twelve year span. The females spurt pattern however was quite dissimilar. Black girls’ mean 

height was found to be greater than the white girls’ mean heights in the younger portion of the 

twelve-year span. Black girls’ height spurt was found to occur half a year earlier than white girls’ 

spurt. White girls, however, continue to grow in height for a half year longer than black girls, 

enabling them to eliminate the shortage of the earlier years, and end up with 0.5 cm larger mean 

heights. 49 

Our recognition and the information currently available in the orthodontic literature on 

craniofacial growth mechanisms arise from the longitudinal craniofacial legacy collections 

completed on children who did not receive orthodontic treatment. Documentation of the growth 

processes in these collections included skull x-ray images, hand-wrist films, dental radiographs, 

facial photographs, and study casts of varied ethnicities and growth patterns. Most of them lack, 

however, anthropological measurements such as sitting heights or leg lengths. 64, 65 This may 

explain the lack of available evidence on those measurements and their relationship with 

craniofacial growth. Furthermore, there is a shortage of data on different ethnic groups, 

especially black adolescents, with them either not being included, or constituting less than 10% 

of all those legacy collections. 64 

Of the existing records on the aforementioned, is the data from the National Health Survey 

recorded between 1966 and 1970 on white and black children that was referenced earlier. 49 The 

results showed the mean sitting height in centimeters for white males aged 12-17 to be 78.3, 

81.9, 85.7, 88.7, 90.4, and 91.4 respectively. For black males, it was 75.6, 80.3, 82.6, 84.9, 86.9, 

and 88.3. For white females it was 80.7, 83.0, 84.7, 85.4, 86.2, and 86.4. For black females: 79.0, 
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80.4, 82.3, 82.7, 82.6, and 83.7. There was a proportionate increase in stature accounted for by 

the sitting height with each year of adolescence that was similar in all four groups. There was a 

consistent gender difference with the girls of each race having a greater proportionate sitting 

height than do the respective boys by the same magnitude. In addition, racial differences were 

noticeable with the sitting height/stature ratio having a bigger difference in white boys and girls 

than that of black boys and girls. Nonetheless, the whites constituted 84.74 percent while the 

blacks constituted only 14.76 percent of this population so the findings are to be interpreted with 

caution. 49 In comparison, a cross-sectional study in the town of Zagreb in Croatia assessed 

growth of 5,155 children (2,591 females and 2,564 males) in the age span of 3-18 years old. The 

study reported slightly higher numbers for the sitting heights than the white Americans averaging 

82.0 cm and 79.8 cm for the 12-year-old females and males respectively. The annual increase in 

sitting height was similar in both genders until the age of 9. At the age of 7 to 11 years, the 

growth velocity increased in girls and decreased in boys. Boys experienced a rapid growth of 

sitting height in the period of 11 to 13 years of age. As a result, boys had significantly longer 

sitting heights from the age of 14 to adulthood. The authors also assessed sexual dimorphism in 

stature and sitting height during growing years and found it to be similar to those observed in 

other populations of Europe. 

Stature and Vertical Facial Growth 

Orthodontists have habitually focused on the sagittal dental and skeletal relationships 

although many malocclusions are the reason of abnormal vertical development. A thorough 

understanding of both normal and abnormal vertical growth is necessary to evaluate developing 
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malocclusions and essentially treat patients with hyperdivergent and hypodivergent phenotypes. 

3, 66-68 According to Nanda, the patterns of the anterior vertical face are established at an early 

age and conserved during the progression of growth. 3 Vertical facial growth had been observed 

to continue well after puberty in both males and females and to continue at a modest level far 

into adult life. 69 Recognizing individuals with vertical facial extremes presents very important 

clinical implications such as initiating early orthodontic treatment, considerations for the length 

of the retention period, and the prediction of the adult occlusal situation during the period of 

mixed dentition. 3 Data for longitudinal vertical development of adolescents is inconsistent and 

limited and based on relatively small samples. 70 Multiple studies have shown that the 

mandibular plane angle decreases during adolescence. 71-74 A few on the other hand showed 

slight increases in the mandibular plane angle between 10 and 15 years of age. 70, 75 The upper-

to-lower facial height and the posterior-to-anterior facial height ratios have been described to 

both increase and decrease during adolescence, depending on the population sample and the sex. 

70, 75, 76 

The relationship between growth in stature and the vertical face is scarce in the literature. It 

is particularly limited on the relationship between the components of stature (sitting height and 

leg length) and craniofacial and vertical facial growth. In one mixed longitudinal study, the 

authors aimed to determine the patterns of vertical facial change during growth and wanted to 

distinguish its relationship with stature and head height. They found the vertical face to change at 

a rate closely resembling statural growth, and concluded that it is stature that is of larger 

importance than the head height in the prediction of vertical facial growth. 77 In terms of the 

growth velocity, Van der Beek et al 78 also studied the association between the patterns of the 
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vertical facial growth and statural growth in girls. Their sample consisted of 134 orthodontically 

treated girls from the Nijmegon growth study in the Netherlands. The vertical face dimensions of 

focus to them were the total anterior facial height, and the posterior facial height. The 

investigators extracted the growth velocity curves from the subjects’ individual growth curves. 

They found the average peak in stature velocity to occur at 12.8 years of age. They found no 

peaks, or the peaks could not be detected in nine percent of the subjects. For the anterior facial 

height, four percent of the cases had no peak or maximum velocity, and the mean age of the peak 

was 12.3 years of age. With respect to the posterior facial height, the mean age for the maximum 

growth velocity was 12.8 years. A stronger correlation that is also constant with age between the 

growth velocity of stature with the posterior facial height was established, while the correlation 

between the growth velocity of stature and the total anterior facial height was stronger at first but 

declined between 10 and 12 years of age. 78 

The Trunk and Growth of the Vertebral Column 

The occurrence of differential growth is not limited to long bones. As documented by 

measurements of the heights of vertebral bodies and intervertebral discs over age, vertebral 

bodies and intervertebral discs grow in well-defined patterns, which in turn, define the final 

length of the vertebral column. 79, 80 Schwytzer et al 81 studied the height of the vertebral growth 

zones in thirteen adolescents between the ages of 13 and 18 years old. They found that in the 

lumbar spine conditions resembled those found in the cervical spine. Their results stated that the 

height of the growth zones increases in a craniocaudal direction, a fact that could be related to 

the more marked growth of lumbar as compared to cervical or thoracic vertebrae. That being 
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said, the relationship between the growth patterns of cervical vertebrae as an indicator of skeletal 

maturation and thereof, timing of craniofacial growth, is well documented, and has been used for 

a long time by orthodontists to aid in orthodontic treatment planning. 19, 22, 24, 25, 82, 83 However, 

sitting height, being dependent on the growth amount of the cervical, thoracic and lumbar 

vertebrae, is an area that has not been looked at in the literature as it relates to skeletal 

maturation, craniofacial growth and growth prediction in orthodontics. 

Statement of the Problem 

Our study hypothesis was that statural events can have predictive evidence, which in turn, 

would be useful in planning the timing of orthodontic treatment. Due to the reported positive 

relationship between the pattern, timing, and growth of stature and the face, this cross-sectional 

study investigated the possible relationship between changes in the vertical face dimensions and 

statural growth. The focus of this study was the sitting height due to the lack of literature in this 

area. One study confirmed the presence of a strong correlation between the mandibular length 

and the sitting height, However, the study did not assess vertical face parameters and its potential 

correlation to sitting height. 84 Therefore, this study aimed to shed light to the relationship, if 

existent, between the sitting height, and the vertical face. 
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Aims 

The aim of the present cross-sectional study was to determine the correlation between 

the sitting height and the vertical face heights in pubertal and post-pubertal African black 

subjects. 

The more specific objectives were to: 

1. Assess the correlation of the vertical face height and the sitting height in females and 

males. 

2. Determine predictors of the vertical face height for purposes of implementing data 

clinically for growth modification in orthodontics. 
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INTRODUCTION 

In the field of orthodontics, it is crucial to understand how the facial structures grow and 

change throughout childhood, adolescence, and adulthood. Of particular importance is the 

understanding of where the growth occurs, in which direction, and how much growth remains in 

a patient undergoing orthodontic treatment. Growth in the vertical dimension is especially 

important because it is the last component to be completed and can be detrimental to the success 

of orthodontic treatment, dental, and craniofacial surgery that younger individuals undergo. 

Henceforth, prediction of growth and timing is a very desirable goal of orthodontists that is still 

to this date challenging. 1-4 

Various methods exist to determine a patient’s maturity such as sexual maturation 

characteristics, 7, 10, 12 dental development, 13-16 standard height, 9, 17-19, and skeletal maturation 

using radiographs including hand-wrist radiographs, 7, 20, 21 and cervical vertebral maturation. 22-

26 For a long period of time, standard height, also known as stature, was used as a measure of 

general skeletal maturation either by itself or in conjunction with hand-wrist radiographs. 34, 35 

Stature is composed of two major components: Sitting height and leg length. 49 The changes in 

the upper and lower body segments cause statural growth, therefore, it is important to include the 

sitting height and leg length in ones analysis of growth. Evidence shows that leg length reaches 

its peak growth velocity earlier than sitting height. 56 These changes were described by Gasser et 

al, 57 Smith et al, 58 and Cameron et al 59 who noted in their samples the pubertal leg length spurt 

preceded the trunk spurt by eight months on average. Although increases in stature have been 
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suggested as being proportional, 56 evidence from longitudinal studies 60-62 completed on US and 

Japanese samples showed larger generational increases in leg length than in sitting height in 

males. 63 The reverse was found to be true in females. 62, 63 This suggested possible gender 

differences in the proportionality of stature. 

Stature was also used as a measure of the amount and timing of craniofacial growth. A 

common observation was that maximum rate of pubertal facial growth occurs slightly later than 

the statural growth peak. 18, 20, 38-41 Bambha et al 38 noted the durations of growth of both are 

similar during the pubertal growth. Other authors argued the maximum facial growth coincides 

with maximum stature growth. 5, 18, 42 Of all the facial measurements, mandibular growth 

exhibited the most consistent relationship with growth in stature throughout adolescence. 18, 43, 44 

The mandibular growth spurt was reported in some studies to occur about 6 months after the 

peak in stature velocity. 38, 45 Others reported that peak to occur at almost the same time as the 

peak in stature, or the difference between the peaks of the two was found to be insignificant. 34, 35 

Documentation of the craniofacial growth process in the craniofacial legacy collections 

includes skull x-ray image, hand-wrist films, dental radiographs, facial photographs, and study 

casts. Many of these legacy collections lack anthropological measurements of sitting heights or 

leg lengths. 64, 65 This may explain the lack of available data on those measurements. 

Furthermore, there is a shortage of data on different ethnic groups, especially black adolescents, 

with them either not being included, or constituting less than 10% of all those legacy collections. 

64 
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A thorough understanding of both normal and abnormal vertical growth is necessary to 

evaluate developing malocclusions and essentially treat patients with hyperdivergent and 

hypodivergent phenotypes. 3, 66-68 According to Nanda, the patterns of the anterior vertical face 

are established at an early age and conserved during the progression of growth. 3 Vertical facial 

growth had been observed to continue well after puberty in both males and females and to 

continue at a modest level far into adult life. 69 Recognizing individuals with vertical facial 

extremes presents important clinical implications such as initiating early orthodontic treatment, 

considerations for the length of the retention period, and the prediction of the adult occlusal 

condition during the mixed dentition period. 3 The relationship between stature and development 

of the vertical face is scarce in the literature. It is particularly limited on the relationship between 

the components of stature (sitting height and leg length) and craniofacial and vertical facial 

growth. In one mixed longitudinal study, the authors aimed to determine the patterns of vertical 

facial change during growth and distinguish its relationship with stature and head height. They 

concluded that stature is of larger importance than head height in the prediction of vertical facial 

growth. 77 

Vertebral bodies and intervertebral discs grow in precise patterns that define the final length 

of the vertebral column. 79, 80 Schwytzer et al 81 studied the height of the vertebral growth zones 

and found that in the lumbar spine conditions closely resembled those in the cervical spine. Their 

results stated that the height of the growth zones increases in a craniocaudal direction, a fact that 

could be related to the more marked growth of the lumbar vertebrae as compared to the cervical 

or thoracic vertebrae. The relationship between the growth patterns of the cervical vertebrae as 

an indicator for skeletal maturation and thereof, timing of craniofacial growth, is well 
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documented, and has been used by orthodontists to aid in orthodontic treatment planning. 19, 22, 24, 

25, 82, 83 Yet, sitting height, which is dependent on the growth amount of the cervical, thoracic 

and lumbar vertebrae, is an area that has not been studied in the literature as it relates to skeletal 

maturation and craniofacial growth in orthodontics. 

This cross-sectional study aimed to shed light to the relationship, if existent, between the 

growth patterns of the sitting height and the vertical face. The objectives of this study were to: 1) 

Determine the correlation between the sitting height and the vertical face heights in pubertal and 

post-pubertal African black subjects and identify the differences in the correlation of the vertical 

face height and the sitting height between females and males; and 2) Determine predictors of the 

vertical face height in order to aid in growth modification in orthodontics. 
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MATERIALS AND METHODS 

This cross-sectional study was conducted between November 2018 and May 2019. It 

aimed to determine the correlation between the sitting height and the vertical face dimensions in 

a sample of growing black individuals. The study was approved by the University at Buffalo 

Health Sciences Institutional Review Board (STUDY00002586). 

Sample Selection: 

The study sample was selected from a population of 658 healthy South African urban 

black children and adolescents recruited for a previous study. 84, 85 According to the evidence, the 

vertical face growth continues well after puberty and throughout life, hence, post-pubertal 

subjects were included. They were randomly selected from the sample of patients that underwent 

care at a dental clinic in South Africa. Inclusion criteria for the sample were 1) Healthy and 

growing African black female and male individuals of chronological ages 9-19 years old, 2) No 

previous orthodontic treatment done, and 3) Class I skeletal and dental growth pattern. All the 

subjects had lateral cephalograms, left hand-wrist radiographs, and anthropometric 

measurements taken. 
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Cephalometric Landmarks and Angles: 

One cephalostat was used to take all the lateral cephalometric radiographs with the 

subjects in habitual occlusion. One author manually traced and analyzed all cephalograms. 

Intraoperator error was clinically insignificant with less than 1%. 85 The craniofacial 

measurements analyzed were the upper anterior facial height (UAFH); measured from N to ANS, 

the lower anterior facial height (LAFH); measured from ANS to Me, the total facial height 

calculated as the sum of UAFH+LAFH, and the Y-axis growth angle. The landmarks and points 

are listed in Table 1, Fig. 1 and are defined as follows: 

Table 1: 

Cephalometric landmarks 86 

ANS (Anterior nasal sine) The most anterior point on the nasal spine 

Me (Menton) The lowest point on the symphyseal shadow 

N (Nasion) The most anterior point on the nasofrontal suture 

S (Sella) The midpoint of the sella turcica (pituitary fossa) 

Ba (Basion) The lower median point in the anterior margin of the 

foramen magnum 

Gn (Gnathion) The most anterior, inferior point on the mandibular 

symphysis 

Ar (Articulare) A point at the intersection of the image of the posterior 

margin of the ramus and the outer margin of the cranial 

base 
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Figure 1: 

Anthropometric Measurements: 

All the height measurements were made in centimeters. For the Stature: The subjects were 

instructed to stand with their heels together and soles contacting the platform, backs straight and 

stretched upwards to the fullest extent with the Frankfurt plane parallel to the floor. Stature was 

then measured using the horizontal arm of an anthropometer on a clinical scale. For the sitting 

height: This measurement included the trunk length plus the head length. Measurements were 

taken with the subjects sitting with the back stretched up straight and the knees resting directly 

over bench seats (35 cm in height). The head was postured in the Frankfurt plane. For the leg 
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length: This measurement was constructed and obtained by subtracting the standing height from 

84, 85 the sitting height. The subjects had their weight and BMI reported. 

Skeletal Age 

Left hand-wrist radiographs of the subjects were taken using one x-ray machine with a 

standardized target to film distance of 75 centimeters. The second edition of the Greulich and 

Pyle (GP) atlas was utilized to determine the subjects’ skeletal age. 8 The atlas comprises of 

reference radiographic images of left hand and wrists from birth till 19 years of age for males 

and females. This method is based on the fact that ossification centers in the hand and wrist 

bones appear in a sequential and fixed order. Bone age is calculated by comparing the degree of 

ossification in various hand and wrist bones with the nearest matching plate on the Atlas. 87, 88 A 

calibrated operator conducted all measurements. All the records were de-identified at the time of 

data collection. 

Statistical Analysis: 

All measurements were introduced into a Microsoft Excel spreadsheet and were analyzed 

using IBM SPSS software version 24 (SPSS Inc., Chicago, IL, USA). Descriptive statistics for 

all the variables were calculated. A normal distribution of the data was observed. The differences 

between females and males in anthropometric and craniofacial measurements were identified at 

each chronological and skeletal age. Pearson correlation coefficients were calculated to test for 

the association between chronological age and skeletal age, stature, sitting height and leg length, 
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weight, BMI, and the vertical craniofacial measurements. The correlations were two tailed and 

the significance level was set at 0.1%. Hinkle et al 89 methods were utilized to categorize the 

correlation coefficient values. An independent t-test was used to distinguish the results between 

females and males. Four multivariable regression models with a forward selection were used to 

determine the predictors of the vertical craniofacial measurements for the sample, and for both 

genders. The dependent variables of the models were the total face height, upper face height, the 

lower face height, and the Y axis growth angle. The independent variables were sex, BMI, 

chronological age, skeletal age, sitting height, and leg length. 
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RESULTS 

The sample population included a total of 562 children with chronological ages ranging 

from 9.0 to 19.3 years. The mean chronological age was 13.3 years old (SD=2.54) for the sample 

(Table 1), 13.23 years old (SD=2.59) for females, and 13.54 years old (SD=2.51) for males 

(Table 2). Females represented 51.4% of the sample, while males represented 48.6% (Table 3). 

The skeletal ages of the sample ranged from 6.0 and 21.5 and the mean skeletal age was 12.83 

(SD=2.63) (Table 4). Descriptive statistics of the sample’s anthropometric and craniofacial 

measurements are seen in Tables 5, 6, and 7 respectively. 

Stature showed gradual increase with age, but the rate slowed down/decreased in both 

genders after chronological age 16 years (Fig. 2). It was found that the most stature increases in 

females occurred between chronological ages 11 and 12 years old. In males, the greatest 

increases occurred between ages 14 and 16 years old. The leg length increased gradually with 

age until chronological age 16 years, when it then decreased in both genders (Fig. 3). The sitting 

height showed gradual increase parallel with age until age 17 years old in both genders (Fig. 4). 

The vertical face measurements at the different chronological and skeletal ages are shown in 

Figures 5, 6 and 7. Only one subject was of age 19 years old hence the graphs were designed to 

include 17+. The graphs showed that the increase in total face height continued until 

chronological age 16 years for females, and 17 years for males, suggesting increases in the facial 

height well after puberty. There was also a large difference in the means at this age with female’s 

total face height averaging 121.7mm (SD=7.02) and males 129.7mm (SD=6.64). It appeared 
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from the graphs that the increase in face height in males started at an earlier age and ended later 

than in females. 

Results of the correlations between the anthropometric and the craniofacial measurements 

of the sample and by gender are presented in Tables 8, 9, and 10. A strong correlation was found 

between the chronological age and the skeletal GP age of the sample (r=0.89, p <0.001). The 

stature had a stronger correlation with the leg length (r=0.92, p <0.001) in comparison to the 

sitting height (r=0.84, p <0.001). The sitting height showed a moderate correlation with the leg 

length (r=0.57, p <0.001). The sitting height showed a positive moderate correlation with the 

total face height (r=0.58, p <0.001) and its components: the upper face height (r=0.46, p <0.001) 

and the lower face height (r=0.49, p <0.001), with a stronger correlation with the lower facial 

height. Tables 11 and 12 show the pearson correlation coefficients between the sitting height and 

the vertical face dimensions in females and males, respectively. The sitting height showed 

positive correlations with the total face height, upper and lower face heights in both genders. 

Tables 13, 14, 15, and 16 present the stepwise multiple regression analyses models for the 

sample. Models were created for the total face height (N-ANS+ANS-Me), upper face height (N-

ANS), lower face height (ANS-Me), and the Y axis growth angle. Sitting height appeared to be 

the biggest predictor for the sample’s total face height. The model revealed that 34% of the 

variation in the total face height can be explained by the sitting height. Utilizing the regression 

equation, we found that for every one centimeter increase in the sitting height, the total face 

height increased by 0.3 mm. 
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When the lower face height was modeled, chronological age was found to be the biggest 

predictor followed by the sitting height. It was found that an increase of 0.3 mm in the lower face 

height occurred as the chronological age increased by one year, and an increase of one 

centimeter in the sitting height resulted in a 0.2 mm increase in the lower face height. Again, the 

sitting height was found to be the strongest predictor for the upper face height. The sitting height 

contributed to the variation in upper face height by 22%. It was found that an increase of one 

centimeter in the sitting height resulted in a 0.2 mm increase in the upper face height. Sex was 

found to be the only predictor for the Y axis angle, contributing by 0.02% to the variation of this 

angle. 

To assess for sexual dimorphism, predictions were made for females and males separately. 

(Tables 17 - 24) In females, all the vertical face dimensions including the total, lower, and upper 

face heights as well as the Y axis growth angle showed the sitting height as their biggest 

predictor. The sitting height contributed to the change in the total face height, lower face height, 

upper face height, and Y axis by 34%, 23%, 23%, and 0.02% respectively. For males, the 

skeletal age, followed by the sitting height were the strongest predictors for the total face height 

and the lower face height. They contributed by 40%, and 32% respectively. The upper face 

height however, did not show the sitting height as a predictor, instead the chronological age 

followed by the leg length showed to be stronger predictors. Similarly, the Y axis did not show 

the sitting height as a predictor. 
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DISCUSSION 

It is known that body proportions are related to genetic influences and show variations 

among different populations. Eveleth and Tanner reviewed proportion reports from different 

populations, and confirmed that body proportions are highly determined by a genetic 

constitution. 90 The authors reported that these proportions are different for European, African, 

and Oriental populations. Unfortunately, reference values relating to the proportions of the sitting 

height and the leg length are scarce in the literature. An assessment of stature and body 

proportions between blacks and whites in the US gives an example of this genomic and 

environmental effect on growth. Anthropometric data of a nationally representative sample of 

blacks and whites aged 18 to 74 years that was published in the first National Health and 

Nutrition Survey (NHANES I) of the US showed no significant differences in average height 

between black and white females and males. When education, income, and other variables were 

controlled, however, the body proportions of the two groups were different. Krogman et al 55 

found that for the same height, blacks living in Philadelphia had shorter trunks and longer 

extremities than whites. Hamill et al (83) found this was also true for a national sample of black 

and white youths of 12 to 17 years old, and it was the case for adults 20 to 49 years old measured 

for the NHANES III survey performed between 1988 and 1994. The same was found in Lee et al 

50 study on the differences in body size and proportions in 2,171 multi-ethnic London primary 

school children aged 5 to 11 years old. Children aged less than 11 years old and of a Black 

African/Caribbean ethnicity were found to be significantly taller, heavier, had larger body size, 

and relatively longer legs than children of other ethnicities that were included. These differences 

in body proportions between blacks and whites seem likely, as the blacks tend to have a more 
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sub-Saharan African genomic origins than the whites. Multiple theories were established 

historically regarding the sub-Saharan African heights. One popular theory was by Roberts et al 

91 in 1953 which related heights to climate. They found African heights to increase with 

temperature and to fall with relative humidity. They proposed that Africans have an ideal body 

profile for the tropical climate due to the tall and slim bodies which help with the the loss of the 

body heat. 

In our south African sample, the mean stature, sitting height, and the mean leg length were 

found to be 146cm, 74.3cm, and 71.87cm respectively. When we compared those parameters to 

other populations, they consistently appeared lower. Our sample showed shorter statures overall. 

The heights reported for African American males and females in the Cycle III Health 

Examination Survey conducted from 1966-70, (48) and in the NHANES III survey completed on 

white and black American children, adolescents, and young adults between 1988–1994 showed 

higher means than the current sample. The findings were also consistent with studies on Turkish 

children of ages 6-18 years old, (82) and Dutch children of ages 0-21 years old who exhibited 

higher average means for those body parameters. Similarly, data from two large scale cross-

sectional surveys on Chinese children aged 0-18 showed higher means of these parameters. We 

also compared our data to Thai 54 and British 53 children aged 11-18 years old. Thai schoolboys’ 

leg lengths appeared to be similar to the leg lengths of boys in our sample. However, the sitting 

height, as well as the height parameters of British children appeared to be higher than our 

sample. 
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The shorter stature, sitting height, and leg length of our sample could be due to 

environmental factors such as the geographical region our sample is from, or the socioeconomic 

status (SES) of the children. Children’s normal development is enhanced by a healthy 

environment and sufficient nutrition. Deprivation leads to inhibition of body growth. As a result, 

children suffering from malnutrition fall behind on their growth potential and on average become 

shorter adults. This usually will reflect in a population’s mean height. 92, 93 Furthermore, one 

study confirmed the relationship between parent’s low SES and poor health, as well as delayed 

children development from infancy until adulthood. (83) Another reason for our samples shorter 

stature could be due to the fact that our sample was collected from south African black children 

in 1987. In the last century, increases in body size, growth rate and consequently early 

maturation has been recorded in many countries. 94 In China, a cross sectional survey was 

performed in 1993 on twenty five thousand Chinese children aged 0 to 18 years old. They 

compared their findings to the last growth survey done in 1963 and found definite secular 

changes. They found an increase in the final adult standing height of 3.6cm in boys, and 2.7cm in 

girls, in which 1.8cm in boys and 0.5cm in girls was accounted for by the sitting height. Thus 

most of the height increase had occurred in the leg length in girls. They found that the secular 

change brought about an earlier sexual maturation which manifested as more marked height 

differences during the pubertal years. 95 In Turkey, they analyzed growth trends of Turkish 

children from a school in Ankara over the period 1993-2003. Similarly, they noticed a positive 

secular trend and an upward displacement of growth curves in this10 year interval. They found in 

the 2003 survey, boys and girls were taller in all age groups than their colleagues from the 

previous study. In boys aged 7-15 years old, the height increments increased between 1.7 and 5.5 

cm/decade. For girls of the same age, the increments increased by 1.8 and 5.7 cm/decade. 96 The 
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same positive trend with an increase of mean stature and its components was observed in the 

Netherlands, 97 Vanuatu, 98 and in Nordic populations of Denmark, Finland, Norway and 

Sweden. 99 They all attributed those secular changes to the improved nutritional, hygienic, and 

health status of their populations throughout the years. Unfortunately, data does not exist 

currently regarding secular changes of African populations. 

Our sample presented an increasing trend in sitting height with chronological age, that was 

parallel to the increase in stature. This is in agreement with a previous study. (85) In females, the 

increase in both stature and sitting height was found to be greatest between ages 12 and 15 years 

old. In males, the increase in both of these parameters was greater after age 15. In terms of the 

leg length, the females showed the most increase between 11 and 12 years old, while in the 

males it was between 14 and 16 years of age. These findings could be suggestive of the effect of 

the pubertal spurt on growth, and the known fact that it occurs earlier in females. 37, 56 However, 

our study is of a cross sectional nature which does not allow us to determine peaks in growth and 

thus confirm that finding. The subjects’ leg length increased until age 16 years old then started 

decreasing in both females and males. The sitting height on the contrary continued to increase 

past age 16 in both genders but the increase was more pronounced in males than females, who 

showed increases until age 17. This paralleled the increase in stature which seems to be mostly 

due to the increases in the sitting height at that age. These results are in agreement with a 

longitudinal study which looked into the growth of the body, leg, and trunk from childhood to 

adulthood and found that the leg length growth spurt led the sitting height spurt by eight months. 

(51) Other studies arrived at similar conclusions indicating that the peak velocity of the leg 

length spurt occurred before the peak velocity of the sitting height. (52,53) 
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We compared the vertical face dimensions of our sample to Northern Nigerian children aged 

12-15 years old, and Brazilian black children with a mean age of 13. Our sample showed longer 

total and lower facial height means than both the Nigerian and Brazilian children, but similar 

upper facial heights to both populations. 100, 101 The total facial height in both genders increased 

gradually and paralleled the chronological age. Males facial height increase started earlier at age 

9 and continued increasing later than that of the females (until 17 years). Females facial height 

started increasing at age 10 and showed no increases beyond 16 years old. When we looked into 

the components of the face height in females, the means for the vertical face dimensions were 

smaller than the males. The males total and lower facial heights were larger and they continued 

increasing later than females. This comes in accordance with the consensus in the literature that 

males tend to have greater lower facial heights than females, and that African males specifically 

have increased lower facial heights which has been described as a compensation to their large 

mandibular bodies and risk of Class III malocclusion. 102 

A critical factor that may lead to variation in the facial height is the continual eruption of 

teeth. The amount and rate of this process of continual eruption varies in individuals and across 

genders and depends on the rate of general maturity of the subjects, and their pattern of growth 

of the facial skeleton. Studies conducted on pre-pubertal, pubertal, and post-pubertal children 

aged 9-25 years old demonstrated that this continual eruption is considered to be a dentoalveolar 

compensatory mechanism by which the teeth and alveolar processes adapt to the changes in 

sagittal, vertical and transversal jaw relationships during growth. 103, 104 However, studies have 

shown continued eruption of the teeth into the third, and the fourth decades of life, exhibiting 
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that this eruption continues for a significant period after the cessation of facial growth. 105-107 If 

this eruption is only dento-alveolar, this could lead to a backward rotation of the mandible, 

which in turn leads to an increase in the lower facial height in the long-term. 

When we correlated the subjects’ sitting height and the vertical face dimensions, we found a 

positive correlation between the two parameters. In both genders, a moderate correlation was 

found between the sitting height, and the total face height, as well as the upper and lower face 

heights. Aljewair et al 84 performed a retrospective cross sectional study on the same South 

African children population. Their study aimed to assess the correlation between general 

craniofacial growth and stature components. They found similar results to ours of a strong 

correlation between the sitting height and the mandibular length and lower facial height of their 

sample. No prior research has been conducted on this relationship between the sitting height and 

the vertical face growth. Unfortunately, this limited our ability to compare these specific results 

to prior data. 

Apart from the strong correlation that was found between the sitting height and the vertical 

face dimensions, the multivariate regression analysis revealed the sitting height to be in fact, a 

good predictor for all the vertical face dimensions. It was found that for every centimeter 

increase in the sitting height, the total face height increased by 0.3mm in both genders. This 

growth pattern of the sitting height and the close correlation it has with the face height is 

possibly based on the growth pattern of the vertebral column. The cervical vertebral maturation 

and growth, also known as CVM, is used in orthodontics to predict the timing of growth. The 

human body grows in a cephalocaudal direction. 108 The vertebral bodies gradually increase in 
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size and thickness going down the vertebral column leading to delayed growth of the trunk 

vertebrae in comparison to the cervical vertebrae. 80 We would possibly be underestimating an 

individual’s facial growth if we reference that growth by their stage within the cervical vertebrae 

growth index only. Literature on vertebral column growth shows that growth of the trunk 

vertebrae continues after the termination of growth in the cervical vertebrae. From our study, this 

growth seems to parallel that of the face height, which implies that the sitting height could be a 

beneficial tool in determining the vertical face growth timing. 

To the best of our knowledge, this is the first study that looked into the relationship between 

the sitting height and the vertical face growth. Our large sample size of South African black 

children allowed it to be a good representative of their population, but results of this study cannot 

be generalized to other racial groups. Furthermore, the large sample size made for reliable data 

with a high level of confidence. However, a limitation of our study is its cross-sectional nature, 

which enabled us to describe and compare the different values within the sample, but not to 

follow up the subject’s growth changes over time or provide a definite cause and effect 

relationship like a longitudinal study. Future longitudinal studies on how the sitting height grows 

in relation to the face height on different populations would be of value. 
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CONCLUSIONS 

• A strong correlation was found between the chronological age and the skeletal GP age of 

the sample (r=0.89, p < 0.001). 

• The sitting height showed a moderate correlation with the total face height (r=0.58, p < 

0.001) and its components: the upper face height (r=0.46, p < 0.001) and the lower face 

height (r=0.49, p < 0.001) of the sample. 

• In both gender, the sitting height showed a moderate correlation with the total face 

height, upper face height, and lower face height. 

• The multivariate regression model suggested the following for the sample: 

1. Sitting height, sex, leg length, BMI, and chronological age predict total face 

height. (R Square=0.46). 

2. Chronological age, sitting height, sex, and BMI predict lower face height. (R 

Square=0.33) 

3. Sitting height, leg length, sex, and BMI predict upper face height. (R 

Square=0.29) 

4. Sex is the only predictor for the y axis growth angle. (R Square=0.02) 

• For females, sitting height was found to be the biggest predictor for all the vertical face 

dimensions. 

• For males, skeletal age and sitting height were the strongest predictors for the total face 

height and the lower face height. The chronological age and leg length were predictors 

for the upper face height. 
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LIST OF TABLES 

Table 1. Mean Sample Chronological Age in Years 

N Minimum Maximum Mean Std. Deviation 

Chronological AGE 562 9.0 19.3 13.38 2.55 

Valid N (listwise) 562 

Table 2. Mean Chronological Age for Females and Males in Years 

Sex N Mean Std. Minimum Maximum 
Deviation 

Female 289 9.0 19.3 13.23 2.59 

Male 273 9.0 18.8 13.54 2.51 

Total 562 9.0 19.3 13.38 2.55 

Table 3. Gender Sample Statistics 

Frequency Percent Valid Percent Cumulative 
Percent 

Valid Female 289 51.4 51.4 51.4 

Male 273 48.6 48.6 100.0 
Total 562 99.8 100.0 

Table 4. Sample Skeletal Age Using the Greulich & Pyle (GP) Index 

N Minimum Maximum Mean Std. 
Deviation 

GP AGE 556 6.0 21.5 12.83 2.64 

Valid N 556 
(listwise) 
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Table 5. Mean Anthropometric Measurements of The Sample (Heights shown in Cm, 
Weight in Kg) 

N Minimum Maximum Mean Std. Deviation 

Stature 555 110.5 181.5 146.20 12.55 

SITTING HEIGHT 554 95.7 136.0 
CHAIR TAKEN TO 109.34 5.97 
BE 35 CM 

Leg length 554 32.5 98.5 71.87 8.13 

Sitting height 554 60.7 101.0 74.34 5.97 

Weight 554 18.0 83.0 39.53 11.48 

Body mass index 554 9.666 35.650 18.14 3.23 

Table 6. Mean Anthropometric Measurements for Females and Males (Heights shown in 
Cm, Weight in Kg) 

Sex N Mean Std. Minimu Maximu Studen p-
Deviation m m t’s t value 

Female Stature 285 112.5 173.1 145.58 11.86 -1.19 0.23 

SITTING HEIGHT 284 96.0 124.5 
CHAIR TAKEN TO 109.10 5.70 -0.99 0.32 
BE 35 CM 
Leg length 284 35.0 86.3 71.51 7.34 -1.07 0.29 

Sitting height 284 61.0 89.5 74.10 5.70 -0.99 0.32 

Weight 284 18.0 83.0 40.44 12.39 1.92 0.06 

Body mass index 284 11.749 33.536 18.67 3.63 4.00 <0.001 

Male Stature 270 110.5 181.5 146.85 13.23 

SITTING HEIGHT 270 95.7 136.0 
CHAIR TAKEN TO 109.60 6.24 
BE 35 CM 
Leg length 270 32.5 98.5 72.25 8.88 

Sitting height 270 60.7 101.0 74.60 6.24 

Weight 270 19.2 66.4 38.58 10.38 

Body mass index 270 9.666 35.650 17.58 2.64 
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Table 7. Mean Craniofacial Measurements of the Sample and by Gender (In mm) 

Sex N Mean Std. Minim Maximu Student’s P-value 
Deviat um m t 

ion 
Femal SN_Anterior cranial base 278 66.08 4.35 29.13 76.43 -4.59 <0.001 
e 

SBa_Posterior cranial base 278 41.17 3.22 15.72 50.40 -6.08 <0.001 
BaN_Total cranial base 278 99.34 4.69 88.95 112.16 -7.02 <0.001 
length 
ArANS_Maxillary 276 87.77 6.24 69.61 116.72 -3.08 0.00 
length/length of midface 
S PNS_Posterior upper 275 45.72 3.88 29.52 66.71 -2.39 0.02 
facial height 
N ANS_Anterior upper 276 47.03 3.84 33.62 57.25 -4.23 <0.001 
facial height 
ANS Me_Anterior lower 272 68.50 5.58 50.05 83.78 -4.62 <0.001 
facial height 
Ar Gn_Mandibular length 273 113.97 7.45 95.41 134.23 -1.46 0.14 
NSBa_Cranial base angle 277 133.92 5.28 119.17 148.74 -1.21 0.23 
Y AXIS_growth axis angle 272 68.99 4.24 58.69 89.98 -3.45 0.00 
C3 axis 248 10.12 1.90 5.01 15.33 -0.71 0.48 
Odontoid to C5 247 73.13 6.24 54.95 88.30 -0.46 0.65 
Total length of 5 first 246 13.88 2.56 7.10 21.49 -0.70 0.49 
cervical vertebrae 
Total face height 272 115.51 7.67 95.76 137.65 -5.37 <0.001 

Male SN_Anterior cranial base 272 67.71 3.99 39.78 80.80 
SBa_Posterior cranial base 272 42.92 3.53 33.13 55.34 
BaN_Total cranial base 272 102.36 5.39 86.95 121.72 
length 
ArANS_Maxillary 271 89.36 5.88 54.84 108.70 
length/length of midface 
S PNS_Posterior upper 260 46.67 5.31 36.85 113.31 
facial height 
N ANS_Anterior upper 259 48.43 3.81 40.11 68.65 
facial height 
ANS Me_Anterior lower 255 70.72 5.46 58.54 90.29 
facial height 
Ar Gn_Mandibular length 267 114.93 7.81 92.82 138.24 
NSBa_Cranial base angle 272 134.51 6.19 112.12 148.91 
Y AXIS_growth axis angle 254 70.42 5.29 58.00 126.98 
C3 axis 235 10.24 1.84 5.21 16.32 
Odontoid to C5 233 73.38 5.91 58.57 89.03 
Total length of 5 first 233 14.05 2.55 7.00 20.83 
cervical vertebrae 
Total face height 255 119.11 7.72 101.76 147.77 

Total SN_Anterior cranial base 550 66.88 4.25 29.13 80.80 
SBa_Posterior cranial base 550 42.04 3.49 15.72 55.34 
BaN_Total cranial base 550 100.83 5.26 86.95 121.72 
length 
ArANS_Maxillary 547 88.56 6.11 54.84 116.72 
length/length of midface 
S PNS_Posterior upper 535 46.18 4.65 29.52 113.31 
facial height 
N ANS_Anterior upper 535 47.71 3.89 33.62 68.65 
facial height 
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ANS Me_Anterior lower 527 69.57 5.63 50.05 90.29 
facial height 
Ar Gn_Mandibular length 540 114.45 7.64 92.82 138.24 
NSBa_Cranial base angle 549 134.21 5.75 112.12 148.91 
Y AXIS_growth axis angle 526 69.68 4.82 58.00 126.98 
C3 axis 483 10.18 1.87 5.01 16.32 
Odontoid to C5 480 73.25 6.08 54.95 89.03 
Total length of 5 first 479 13.96 2.56 7.00 21.49 
cervical vertebrae 
Total face height 527 117.25 7.90 95.76 147.77 

Table 8. Pearson Correlation Coefficients Between Anthropometric and Craniofacial 
Measurements for The Sample 

Total face height ANS Me N ANS SN SBa Y AXIS 
Anterior lower Anterior Anterior Posterio growth 

facial height upper cranial r axis 
facial base cranial angle 
height base 

Pearson 
Correlation 

Stature 0.60 0.50 0.50 0.46 0.37 -0.06 

Weight 0.59 0.51 0.47 0.45 0.33 -0.05 

Chronological AGE 0.57 0.50 0.44 0.42 0.26 0.02 

GP AGE 0.57 0.49 0.45 0.43 0.28 -0.03 

Sex 0.23 0.20 0.19 0.19 0.25 0.15 

Leg length 0.50 0.41 0.43 0.39 0.30 -0.03 

Sitting height 0.59 0.50 0.47 0.44 0.38 -0.08 

Sig. (1-tailed) 

Stature 0.00 0.00 0.00 0.00 0.00 0.10 

Weight 0.00 0.00 0.00 0.00 0.00 0.14 

Chronological AGE 0.00 0.00 0.00 0.00 0.00 0.33 

GP AGE 0.00 0.00 0.00 0.00 0.00 0.22 

Sex 0.00 0.00 0.00 0.00 0.00 0.00 

Leg length 0.00 0.00 0.00 0.00 0.00 0.25 

Sitting height 0.00 0.00 0.00 0.00 0.00 0.04 

N 517 517 525 540 540 516 
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Table 9. Pearson Correlation Coefficients Between Anthropometric and Craniofacial 
Measurements for Females 

Females Total face ANS Me N ANS SN SBa Y 
height Anterior lower Anterior Anterior Posteri AXIS 

facial height upper cranial or growth 
facial base cranial axis 
height base angle 

Pearson 
Correlation 

Stature 0.62 0.52 0.49 0.46 0.33 -0.10 

Weight 0.64 0.53 0.49 0.49 0.33 -0.07 

Chronological AGE 0.55 0.46 0.42 0.43 0.16 -0.06 

GP AGE 0.55 0.45 0.44 0.43 0.21 -0.08 

Leg length 0.55 0.46 0.42 0.36 0.24 -0.06 

Sitting height 0.59 0.48 0.48 0.49 0.38 -0.12 

Sig. (1-tailed) 

Stature 0.00 0.00 0.00 0.00 0.00 0.06 

Weight 0.00 0.00 0.00 0.00 0.00 0.13 

Chronological AGE 0.00 0.00 0.00 0.00 0.00 0.17 

GP AGE 0.00 0.00 0.00 0.00 0.00 0.09 

Leg length 0.00 0.00 0.00 0.00 0.00 0.17 

Sitting height 0.00 0.00 0.00 0.00 0.00 0.02 

N 265 265 269 271 271 265 
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Table 10. Pearson Correlation Coefficients Between Anthropometric and Craniofacial 
Measurements for Males 

Males Total face ANS Me N ANS SN SBa Y 
height Anterior lower Anterior Anterior Posteri AXIS 

facial height upper cranial or growth 
facial base cranial axis 
height base angle 

Pearson 
Correlation 

Stature 0.60 0.49 0.51 0.46 0.40 -0.04 
Weight 0.64 0.56 0.50 0.47 0.40 0.00 
Chronological AGE 0.60 0.54 0.45 0.40 0.32 0.08 
GP AGE 0.61 0.53 0.47 0.43 0.33 -0.01 
Leg length 0.47 0.36 0.44 0.41 0.33 -0.02 
Sitting height 0.59 0.52 0.46 0.39 0.38 -0.06 

Sig. (1-tailed) 
Stature 0.00 0.00 0.00 0.00 0.00 0.26 
Weight 0.00 0.00 0.00 0.00 0.00 0.48 
Chronological AGE 0.00 0.00 0.00 0.00 0.00 0.12 
GP AGE 0.00 0.00 0.00 0.00 0.00 0.46 
Leg length 0.00 0.00 0.00 0.00 0.00 0.37 
Sitting height 0.00 0.00 0.00 0.00 0.00 0.18 

N 252 252 256 269 269 251 

Table 11. Pearson Correlation Coefficients Between Sitting Height and Vertical Face 
Measurements in Females 

Females 

Sitting height Total face height 0.59 <0.001 267 22 

Upper facial height 0.48 <0.001 267 22 

Lower facial height 0.48 <0.001 267 22 

Upper facial height Lower facial height 0.30 <0.001 267 22 

Table 12. Pearson Correlation Coefficients Between Sitting Height and Vertical Face 
Measurements in Males 

Males 

Sitting height Total face height 0.59 <0.001 252 21 

Upper facial height 0.46 <0.001 252 21 

Lower facial height 0.52 <0.001 252 21 

Upper facial height Lower facial height 0.36 <0.001 252 21 
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Table 13. Multivariate Linear Regression Model with Forward Selection for The Total 
Face Height for the Sample 

Model Summary 
Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 
1 .585a 0.34 0.34 6.41 
2 .621b 0.39 0.38 6.20 
3 .652c 0.43 0.42 6.00 
4 .675d 0.46 0.45 5.85 
5 .679e 0.46 0.46 5.83 
a. Predictors: (Constant), Sitting height 
b. Predictors: (Constant), Sitting height, Sex 
c. Predictors: (Constant), Sitting height, Sex, Leg length 
d. Predictors: (Constant), Sitting height, Sex, Leg length, Body mass index 
e. Predictors: (Constant), Sitting height, Sex, Leg length, Body mass index, 
Chronological AGE 

Coefficientsa 

Model Unstandardized Standardized t Sig. 95.0% Confidence Interval 
Coefficients Coefficients for B 

B 

5 (Constant) 
Sitting height 
Sex 
Leg length 
Body mass index 
Chronological AGE 

57.56 
0.35 
3.72 
0.22 
0.43 
0.39 

a. Dependent Variable: Total face height 

Std. Beta Lower Upper 
Error Bound Bound 

3.92 14.70 0.00 49.87 65.25 
0.07 0.26 4.96 0.00 0.21 0.48 
0.53 0.24 7.02 0.00 2.68 4.76 
0.04 0.22 5.07 0.00 0.13 0.30 
0.10 0.18 4.39 0.00 0.24 0.63 
0.17 0.13 2.26 0.02 0.05 0.74 

Table 14. Multivariate Linear Regression Model with Forward Selection for The Anterior 
Lower Face Height for the Sample 

Model Summary 
Mode R R Square Adjusted R 
l Square 
1 .500a 0.25 0.25 
2 .531b 0.28 0.28 
3 .557c 0.31 0.31 
4 .568d 0.32 0.32 
5 .578e 0.34 0.33 
a. Predictors: (Constant), Chronological AGE 

Std. Error of 
the Estimate 

4.89 
4.78 
4.69 
4.66 
4.62 

b. Predictors: (Constant), Chronological AGE, Sitting height 
c. Predictors: (Constant), Chronological AGE, Sitting height, Sex 
d. Predictors: (Constant), Chronological AGE, Sitting height, Sex, Body 
mass index 
e. Predictors: (Constant), Chronological AGE, Sitting height, Sex, Body 
mass index, Leg length 
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Coefficientsa 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval 
for B 

B Std. Error Beta Lower 
Bound 

Upper 
Bound 

5 (Constant) 
Chronological 
AGE 

35.14 
0.35 

3.10 
0.14 0.16 

11.32 
2.56 

0.00 
0.01 

29.04 
0.08 

41.23 
0.62 

Sitting height 
Sex 

0.19 
2.26 

0.06 
0.42 

0.20 
0.20 

3.40 
5.38 

0.00 
0.00 

0.08 
1.43 

0.30 
3.09 

Body mass 
index 

0.28 0.08 0.16 3.58 0.00 0.13 0.44 

Leg length 0.10 0.03 0.15 3.08 0.00 0.04 0.17 

a. Dependent Variable: ANS Me_Anterior lower facial height 

Table 15. Multivariate Linear Regression Model with Forward Selection for The Anterior 
Upper Face Height for the Sample 

Model Summary 
Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 
1 .467a 0.22 0.22 3.44 
2 .508b 0.26 0.26 3.36 
3 .534c 0.29 0.28 3.30 
4 .545d 0.30 0.29 3.27 
a. Predictors: (Constant), Sitting height 
b. Predictors: (Constant), Sitting height, Leg length 
c. Predictors: (Constant), Sitting height, Leg length, Sex 
d. Predictors: (Constant), Sitting height, Leg length, Sex, Body mass index 

Coefficientsa 

Model Unstandardized Standardize t Sig. 95.0% Confidence Interval 
Coefficients d for B 

Coefficients 
B Std. Error Beta Lower Upper 

Bound Bound 
4 (Constant) 22.04 1.85 11.93 0.00 18.41 25.66 

Sitting height 0.16 0.03 0.25 4.82 0.00 0.10 0.23 
Leg length 0.12 0.02 0.25 5.53 0.00 0.08 0.16 
Sex 1.48 0.29 0.19 5.04 0.00 0.90 2.06 
Body mass index 0.16 0.05 0.14 3.09 0.00 0.06 0.27 

a. Dependent Variable: N ANS_Anterior upper facial height 
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Table 16. Multivariate Linear Regression Model with Forward Selection for The Y Axis 
Growth Angle for the Sample 

Model Summary 
Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 
1 .151a 0.02 0.02 4.81 
a. Predictors: (Constant), Sex 

Coefficientsa 

Model Unstandardized Coefficients Standardized t Sig. 95.0% Confidence Interval for 
Coefficients B 

B Std. Error Beta Lower Upper Bound 
Bound 

1 (Constant) 67.50 0.67 101.53 0.00 66.20 68.81 
Sex 1.47 0.42 0.15 3.46 0.00 0.64 2.30 

a. Dependent Variable: Y AXIS_growth axis angle 

Table 17. Multivariate Linear Regression Model with Forward Selection for The Total 
Face Height for Females 

Model Summary 
Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 
1 .591a 0.35 0.35 6.20 
2 .628b 0.40 0.39 5.99 
3 .659c 0.43 0.43 5.80 
a. Predictors: (Constant), Sitting height 
b. Predictors: (Constant), Sitting height, Leg length 
c. Predictors: (Constant), Sitting height, Leg length, Body mass index 

Coefficientsa 

Model Unstandardized Standardize t Sig. 95.0% Confidence Interval 
Coefficients d for B 

Coefficients 
B Std. Error Beta Lower Upper 

Bound Bound 
3 (Constant) 59.70 4.82 12.38 0.00 50.20 69.20 

Sitting height 0.29 0.10 0.22 2.85 0.01 0.09 0.49 
Leg length 0.34 0.07 0.33 5.30 0.00 0.22 0.47 
Body mass 0.54 0.13 0.26 4.27 0.00 0.29 0.78 
index 

a. Dependent Variable: Total face height 
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Table 18. Multivariate Linear Regression Model with Forward Selection for The Anterior 
Lower Face Height for Females 

Model Summary 
Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 
1 .480a 0.23 0.23 4.92 
2 .520b 0.27 0.27 4.80 
3 .551c 0.30 0.30 4.70 
4 .545d 0.30 0.29 4.71 
a. Predictors: (Constant), Sitting height 
b. Predictors: (Constant), Sitting height, Leg length 
c. Predictors: (Constant), Sitting height, Leg length, Body mass index 
d. Predictors: (Constant), Leg length, Body mass index 

Coefficientsa 

Model Unstandardized Standardize t Sig. 95.0% Confidence Interval 
Coefficients d for B 

Coefficients 
B Std. Error Beta Lower Upper 

Bound Bound 
4 (Constant) 39.76 2.90 13.73 0.00 34.06 45.46 

Leg length 0.28 0.04 0.38 6.92 0.00 0.20 0.37 
Body mass 
index 0.46 0.08 0.30 5.55 0.00 0.29 0.62 

a. Dependent Variable: ANS Me_Anterior lower facial height 

Table 19. Multivariate Linear Regression Model with Forward Selection for The Anterior 
Upper Face Height for Females 

Model Summary 
Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 
1 .481a 0.23 0.23 3.36 
2 .500b 0.25 0.24 3.33 
3 .516c 0.27 0.26 3.30 
a. Predictors: (Constant), Sitting height 
b. Predictors: (Constant), Sitting height, Leg length 
c. Predictors: (Constant), Sitting height, Leg length, Body mass index 

Coefficientsa 

Model Unstandardized Standardize t Sig. 95.0% Confidence Interval 
Coefficients d for B 

Coefficients 
B Std. Error Beta Lower Upper 

Bound Bound 
3 (Constant) 24.08 2.73 8.82 0.00 18.71 29.46 

Sitting height 0.16 0.06 0.24 2.77 0.01 0.05 0.27 
Leg length 0.11 0.04 0.21 3.00 0.00 0.04 0.18 
Body mass 0.17 0.07 0.17 2.46 0.02 0.03 0.31 index 

a. Dependent Variable: N ANS_Anterior upper facial height 
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Table 20. Multivariate Linear Regression Model with Forward Selection for The Y Axis for 
Females 

Model Summary 

Mode R R Square Adjusted R Std. Error of 

l Square the Estimate 

1 .123a 0.02 0.01 4.26 

a. Predictors: (Constant), Sitting height 

Model 

1 (Constant) 
Sitting height 

Unstandardized 
Coefficients 

B Std. Error 

75.74 3.38 
-0.09 0.05 

Coefficientsa 

Standardize 
d 

Coefficients 
Beta 

-0.12 

t 

22.39 
-2.01 

Sig. 

0.00 
0.05 

95.0% Confidence Interval 
for B 

Lower Upper 
Bound Bound 

69.08 82.40 
-0.18 0.00 

a. Dependent Variable: Y AXIS_growth axis angle 

Table 21. Multivariate Linear Regression Model with Forward Selection for The Total 
Face Height for Males 

Model Summary 
Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 
1 .607a 0.37 0.37 6.13 
2 .638b 0.41 0.40 5.95 
3 .652c 0.43 0.42 5.88 
4 .660d 0.44 0.43 5.83 
5 .658e 0.43 0.43 5.84 
6 .668f 0.45 0.44 5.78 
a. Predictors: (Constant), GP AGE 
b. Predictors: (Constant), GP AGE, Sitting height 
c. Predictors: (Constant), GP AGE, Sitting height, Chronological AGE 
d. Predictors: (Constant), GP AGE, Sitting height, Chronological AGE, 
Body mass index 
e. Predictors: (Constant), Sitting height, Chronological AGE, Body mass 
index 
f. Predictors: (Constant), Sitting height, Chronological AGE, Body mass 
index, Lower body height 
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Coefficientsa 

Model Unstandardized Standardize t Sig. 95.0% Confidence Interval 
Coefficients d for B 

Coefficients 
B Std. Error Beta Lower Upper 

Bound Bound 
6 (Constant) 65.97 5.16 12.78 0.00 55.80 76.14 

Sitting height 0.34 0.09 0.27 3.83 0.00 0.16 0.51 
Chronological 
AGE 0.79 0.24 0.25 3.31 0.00 0.32 1.26 

Body mass index 0.45 0.16 0.16 2.88 0.00 0.14 0.76 
Leg length 0.13 0.05 0.15 2.46 0.02 0.03 0.24 

a. Dependent Variable: Total face height 

Table 22. Multivariate Linear Regression Model with Forward Selection for The Anterior 
Lower Face Height for Males 

Model Summary 

Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 
1 .538a 0.29 0.29 4.61 
2 .570b 0.33 0.32 4.50 
3 .586c 0.34 0.34 4.45 
a. Predictors: (Constant), Chronological AGE 
b. Predictors: (Constant), Chronological AGE, Sitting height 
c. Predictors: (Constant), Chronological AGE, Sitting height, Body mass 
index 

Coefficientsa 

Model Unstandardized Standardize t Sig. 95.0% Confidence Interval 
Coefficients d for B 

Coefficients 
B Std. Error Beta Lower Upper 

Bound Bound 
3 (Constant) 40.86 3.72 10.98 0.00 33.53 48.18 

Chronological 0.69 0.17 0.31 4.20 0.00 0.37 1.02 AGE 
Sitting hright 0.20 0.07 0.23 3.00 0.00 0.07 0.33 
Body mass index 0.31 0.12 0.15 2.64 0.01 0.08 0.55 

a. Dependent Variable: ANS Me_Anterior lower facial height 
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Table 23. Multivariate Linear Regression Model with Forward Selection for The Anterior 
Upper Face Height for Males 

Model Summary 
Mode R R Square Adjusted R Std. Error of 
l Square the Estimate 

1 .467a 0.22 0.22 3.38 
2 .498b 0.25 0.24 3.32 
3 .523c 0.27 0.27 3.27 
4 .519d 0.27 0.26 3.28 
a. Predictors: (Constant), GP AGE 
b. Predictors: (Constant), GP AGE, Leg length 
c. Predictors: (Constant), GP AGE, Leg length, Sitting height 
d. Predictors: (Constant), Leg length, Sitting height 

Coefficientsa 

Model Unstandardized Standardize t Sig. 95.0% Confidence Interval 
Coefficients d for B 

Coefficients 
B Std. Error Beta Lower Upper 

Bound Bound 
4 (Constant) 25.16 2.53 9.94 0.00 20.18 30.15 

Leg length 0.12 0.03 0.28 4.57 0.00 0.07 0.17 
Sitting height 0.20 0.04 0.32 5.09 0.00 0.12 0.27 

a. Dependent Variable: N ANS_Anterior upper facial height 

Table 24. Multivariate Linear Regression Model with Forward Selection for The Y Axis 
Growth Angle for Males 

Model U

B 

nstandardized 
Coefficients 

Std. Error 

Coefficientsa 

Standardize t 
d 

Coefficients 
Beta 

Sig. 95.0% Co

Lower 
Bound 

nfidence Interval 
for B 

Upper 
Bound 

Warnings 

No variables were entered into the equation. 
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A 

D 

A. Stature 
B. Eye height (standing) 
C. Mid shoulder height 
D. Waist height 
E. Buttocks height 

l 
F. Sitting height 
G. Eye height (sitting) 
H. Upper arm length 
I. Lower arm/hand length 
J. Upper leg length 
K. Lower leg length 

LIST OF FIGURES 

Figure 1. Illustration of the Sitting height and Leg Length Adapted from RL Huston, Principles of 
Biomechanics (CRC Press 2009) 
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Figure 2. Graphical Representation of the Means of Stature with Chronological Age 
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Figure 3. Graphical Representation of the Means of the Leg Length with Chronological Age 
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Figure 4. Graphical Representation of the Means of the Sitting Height and Chronological Age 
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Figure 5. Graphical Representation of the Means of the Total face height and Chronological Age 

48 



      

  

 

 

 

 
   

    

      

  

 

 

 

 

 
    

    

 

• • 

r 

( 
f 

I • l ~ ~ + -- I 
I 

• 
• • • • • 

I • I I • ·- I - • ~ + + 

~ I 

• • 

l • 
• • • I • • • • I 

~ t • ------=- T T 

• • • I • --- I I • • 
~ ~ t t • 

N	  ANS_Anterior  Upper  Facial  Height  (mm)  

Female Male 

55 

45 

50 

40 
8 9 10 11 12 13 14 15 16 17 18 

Chronological Age (in years) 
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Figure 7. Graphical Representation of the Means of the Lower face height and the Chronological 
Age 
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