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SUMMARY 

This thesis presents a three-dimensional computed tomography (3D-CT) analysis of 

craniofacial morphology and growth changes in Malaysian Malay subjects. A large number of 

CT scans (n=205) from birth to adulthood were gathered for this purpose. CT scans were 

obtained using a GE Lightspeed Plus Scanner. Craniofacial morphology has been analysed 

based on cephalometric landmarks located in three-dimensions, using specially-designed 

computer software.  

The main aims were to produce new 3D normative reference data for selected 

craniofacial variables in Malaysian Malays and to study growth changes in different 

craniofacial regions. 

The specific areas of investigation included: 

1. Construction of craniofacial growth references (in tabular and graphical formats) for 

Malaysian Malays; 

2. Quantitative analysis of growth changes in the craniofacial complex using linear and 

angular measurements derived from landmark data; 

3. Comparison of craniofacial measurements between males and females to determine 

the extent of sexual dimorphism; 

4. Quantitative analysis of the nature and extent of directional asymmetry of selected 

craniofacial regions; 

5. Comparisons of selected variables with published data from other ethnic groups. 
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Craniofacial morphology and growth changes were analysed using 3D osseous 

landmarks. A computer program, PERSONA, was used to locate and analyse the three-

dimensional cephalometric landmarks. The accuracy of landmark location was assessed using 

double determinations. Selected measurements were derived from the landmark data to 

describe the morphology of different craniofacial regions, e.g. facial skeleton, cranial base 

and cranial vault. 

Normative reference data for a large number of variables covering the skull, cranial 

base and face at selected age categories for males and females were constructed. These data 

were presented in tables and scatter plots of variables against age. From the normative data 

collected, patterns of growth changes of different craniofacial regions in three-dimensions 

were also investigated.  

Generally, each craniofacial region showed a unique growth pattern as observed from 

differential growth patterns. All measurements showed size increase from infancy to 

adulthood. Periods of increased size differences were also noted for most variables in all 

regions that corresponded to the timing of mid- and adolescent growth spurts.  

These extensive normative reference data, specific for age categories and sexes, 

provide normal references against which the craniofacial morphology of individuals with 

craniofacial abnormalities can be compared. Clinical applications of this quantitative 

approach to the craniofacial skeleton should facilitate the management of craniofacial 

abnormalities. 

Following the construction of normative data and description of growth changes for 

different craniofacial regions, intra-populational differences were studied. This included 

analysis of sexual dimorphism of the craniofacial structures and an investigation of 

asymmetry between paired left and right measurements.  
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Sexual dimorphism was observed for linear variables in this study. Differences in size 

between males and females were not very obvious during infancy as only a few variables 

showed significant differences. The number of variables that showed sexual dimorphism in 

size increased from infancy to adulthood. Sexual dimorphism in the craniofacial region was 

most evident during adulthood with 46% of variables displaying significant differences 

between the sexes. During infancy, only 3% of the variables showed significant size 

differences between the sexes, increasing to 7% during childhood. Magnitudes of sexual 

dimorphism were calculated to highlight the pattern of dimorphism in different craniofacial 

regions and across different ages. 

A small degree of directional asymmetry was noted in all of the craniofacial regions 

investigated. Asymmetry analysis revealed that the cranial base, face and mandible tended to 

be larger on the right side than the left. Other regions exhibited asymmetry but without any 

clear trend in direction.  Asymmetry percentages were also calculated to enable the patterns 

and magnitudes of asymmetry in different craniofacial regions to be compared. Generally, the 

amount of asymmetry exhibited in the craniofacial structures for Malaysian Malays was 

small.  

Having established that differences existed within the Malay sample, craniofacial data 

for Malays were compared with published data for two Caucasian populations. This analysis 

revealed that differences exist in craniofacial morphology between different ethnic groups. 

Some of the differences can be discerned from childhood but many variables only display 

differences during adulthood. Craniofacial structures tended to be smaller in Malays than in 

Caucasians.  

The intent of this investigation has been to provide clinicians with normative values of 

measurements that will be useful in diagnosis, treatment planning and post-operative care of 

patients with craniofacial abnormalities. Important treatment goals include producing a 
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balanced cranial and facial form to approximate that of unaffected people and also improving 

the quality of life of patients. Therefore, it is important for clinicians to be able to recognise 

the nature and extent of normal variation in craniofacial structures and also appreciate the 

growth changes that may occur over time, before investigating these changes in patients with 

craniofacial abnormalities. Comparisons of measurements of affected patients with well-

characterised referent data can facilitate diagnosis and overall patient management. Moreover, 

quantification based on three-dimensional data provides new insights into craniofacial growth 

changes and morphology compared with conventional 2D approaches. 



Table of Contents 
___________________________________________________________________________ 
 

___________________________________________________________________________  

TABLE OF CONTENTS 

________________________________________________________ 

DECLARATION ....................................................................................................................... ii 

ACKNOWLEDGEMENTS ..................................................................................................... iii 

SUMMARY .................................................................................................................................v 

CHAPTER 1 AN INTRODUCTION TO THE STUDY OF HUMAN 

CRANIOFACIAL GROWTH AND MORPHOLOGY ............................1 

1.1 Background to the Present Investigation .................................................................1 

1.2 Methods of Investigating the Craniofacial Morphology..........................................3 

 1.2.1 Craniometry ..............................................................................................3 

 1.2.2 Soft Tissue Anthropometry.......................................................................4 

 1.2.3 Cephalometric Radiography .....................................................................4 

 1.2.4 Computerised Tomography ......................................................................5 

1.3 The Malaysian Malays.............................................................................................7 

1.4 Overview of Normal Embryonic Craniofacial Development ..................................8 

 1.4.1 Development of the Face ..........................................................................8 

 1.4.2 Development of the Skull and Cranial Base...........................................11 

1.5 Overview of Normal Postnatal Craniofacial Growth ............................................12 

1.5.1 Postnatal Growth of the Facial Skeleton.................................................12 

1.5.2 Postnatal Growth of the Skull and Cranial Base.....................................13 

1.6 Aims of this Study .................................................................................................14 

1.7 Significance of this Study ......................................................................................15 

1.8  Structure of the Thesis ..........................................................................................16 

CHAPTER 2 GENERAL MATERIALS AND METHODS ..........................................17 

2.1 Introduction............................................................................................................17 

2.2 Planning Stage .......................................................................................................17 

2.3 Trip to University Sains Malaysia, Kota Bharu.....................................................18 

2.4 Data Collection ......................................................................................................19 

2.5 Materials ................................................................................................................21 

ix



Table of Contents 
___________________________________________________________________________ 
 

___________________________________________________________________________  

2.5.1 Sampling Method....................................................................................21 

2.5.1 Subjects...................................................................................................21 

2.6 Methods .................................................................................................................23 

2.6.1 Equipment, the CT Scanner ....................................................................23 

2.6.2 Accuracy of Computerised Tomography Data .......................................24 

2.6.3 Computed Tomography Protocols ..........................................................25 

2.6.3.1 Head alignment and Immobilisation.....................................25 

2.6.3.2 Scanning procedure...............................................................26 

2.6.4 CT Data Transfer ....................................................................................26 

2.6.5 3D-CT Reconstruction............................................................................28 

2.6.6 Persona 3D Medical Imaging and Analysis Software ............................31 

2.6.7 Landmark Determination........................................................................32 

2.6.8 Definition of Anatomical Units ..............................................................35 

2.6.9 Measurements .........................................................................................36 

2.6.9.1 Methods of Measurement of Distances and Angles .........…36 

2.6.9.2 Measurement of Distances, Dimensions and Angles............37 

2.7 Overview of Statistical Analysis of Measurement Techniques .............................56 

2.8 Errors of Measurement and Analysis.....................................................................57 

2.8.1 Types of Errors .......................................................................................57 

2.8.2 Detecting Systematic Errors ...................................................................58 

2.8.3 Calculating Random Errors ....................................................................58 

2.8.4 Error Analysis for this Study ..................................................................59 

2.8.4.1 Landmark relocation error ....................................................61 

2.8.4.2 Errors of variables.................................................................63 

2.9 Conclusions............................................................................................................66 

CHAPTER 3 NEW 3D NORMATIVE REFERENCES FOR CRANIOFACIAL 

MORPHOLOGY IN MALAYSIAN MALAYS.......................................68 

3.1 Introduction............................................................................................................68 

3.2 References or Standards.........................................................................................70 

3.3 Types of Growth Studies .......................................................................................71 

3.3.1 Cross-sectional Studies ...........................................................................71 

3.3.2 Longitudinal Studies ...............................................................................72 

3.3.2 Mixed Longitudinal Studies....................................................................73 

3.4 Standardisation of Methods ...................................................................................73 

x



Table of Contents 
___________________________________________________________________________ 
 

___________________________________________________________________________  

3.5 Concepts of Human Growth ..................................................................................74 

3.6 Materials and Methods...........................................................................................76 

3.6.1 Data Collection .......................................................................................76 

3.6.2 CT Protocol.............................................................................................76 

3.6.3 Craniofacial Variables ............................................................................76 

3.6.4 Statistical Analysis..................................................................................77 

3.6.5 Curve Fitting ...........................................................................................77 

3.6.6 Errors of the Method...............................................................................78 

3.6.7 Data Cleaning Process ............................................................................78 

3.7 Results....................................................................................................................79 

3.8 Discussion............................................................................................................212 

3.8.1 Clinical Implications.............................................................................216 

3.9 Conclusion ...........................................................................................................218 

CHAPTER 4 INTRA-POPULATION COMPARISONS OF CRANIOFACIAL 

MORPHOLOGY IN MALAYSIAN MALAYS BASED ON 3D 

COMPUTED TOMOGRAPHY ..............................................................219 

4.1 Introduction..........................................................................................................219 

Section A 

4.2.1 Sexual Dimorphism of Craniofacial Structures ...................................................219 

4.2.2 Materials and Methods.........................................................................................222 

4.2.2.1 Data Collection .....................................................................................222 

4.2.2.2 CT Protocol...........................................................................................223 

4.2.2.3 Craniofacial Variables ..........................................................................223 

4.2.2.4 Statistical Analysis................................................................................223 

4.2.2.5 Errors of the Method and Data Cleaning ..............................................225 

4.2.3 Results..................................................................................................................225 

4.2.4 Discussion............................................................................................................257 

4.2.5 Conclusion ...........................................................................................................265 

Section B 

4.3.1 Nature and Extent of Craniofacial Asymmetry ...................................................267 

4.3.2 Materials and Methods.........................................................................................273 

4.3.2.1 Data Collection .....................................................................................273 

4.3.2.2 CT Protocol...........................................................................................273 

4.3.2.3 Craniofacial Variables ..........................................................................273 

xi



Table of Contents 
___________________________________________________________________________ 
 

___________________________________________________________________________  

4.3.2.4 Statistical Analysis................................................................................274 

4.3.2.5 Errors of the Method and Data Cleaning ..............................................275 

4.3.3 Results..................................................................................................................275 

4.3.4 Discussion............................................................................................................286 

4.3.5 Conclusion ...........................................................................................................292 

CHAPTER 5 INTER-POPULATION COMPARISONS OF CRANIOFACIAL 

MORPHOLOGY IN MALAYSIAN MALAYS BASED ON 3D 

COMPUTED TOMOGRAPHY ..............................................................293 

5.1 Introduction..........................................................................................................293 

5.2 Race or Ethnicity ................................................................................................294 

5.3 Differences between human populations.............................................................295 

5.4 Materials and Methods.........................................................................................300 

5.4.1 Data Collection .....................................................................................300 

5.4.2 CT Protocol...........................................................................................300 

5.4.3 Craniofacial Variables ..........................................................................300 

5.4.4 Magnification Corrections ....................................................................302 

5.4.5 Statistical Analysis................................................................................303 

5.4.6 Errors of the Method and Data Cleaning ..............................................303 

5.5 Results..................................................................................................................304 

5.6 Discussion............................................................................................................314 

5.7 Conclusion ...........................................................................................................318 

CHAPTER 6 GENERAL DISCUSSION AND CONCLUSION .................................319 

6.1 Introduction..........................................................................................................319 

6.2 3D-CT Analysis of Craniofacial Morphology of Malaysian Malays ..................322 

6.2.1 New Normative Reference Data for Malaysian Malays.......................322 

6.2.2 Growth Changes of Different Craniofacial Regions.............................324 

6.2.3 Sexual Dimorphism of Craniofacial Structures ....................................328 

6.2.4 Nature and Extent of Craniofacial Asymmetry ....................................331 

6.2.5 Differences in Craniofacial Morphology between Different Populations .. 

 ……………………………………………………………………….335 

6.2.6 Application of Craniofacial Data..........................................................336 

6.2.7 Summary of Findings............................................................................338 

6.3 Limitations of the Study ......................................................................................339 

xii



Table of Contents 
___________________________________________________________________________ 
 

___________________________________________________________________________  

6.4 Future Studies ......................................................................................................341 

6.5 General Conclusion..............................................................................................342 

 

REFERENCES…………………………………………………………………………........344 

APPENDIX I ETHICAL APPROVAL .............................................................................355 

APPENDIX II OSSEOUS LANDMARK DEFINITIONS (BY REGION) .......................357 

APPENDIX III ABSTRACT FOR PRELIMINARY MANDIBULAR MORPHOMETRIC 

ANALYSIS PRESENTED AT THE ANNUAL CONFERENCE OF 

INTERNATIONAL ASSOCIATION FOR DENTAL RESEARCH.........365 

APPENDIX V ACADEMIC ACTIVITIES ........................................................................367 

 

 
 

xiii



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xiv

LIST OF FIGURES 

CHAPTER 1 AN INTRODUCTION TO THE STUDY OF HUMAN CRANIOFACIAL 

GROWTH AND MORPHOLOGY…………………………………………1 

Figure 1.1 Three-dimensional reconstruction of the craniofacial skeleton (b) from axial 

CT slices (a). .......................................................................................................6 

Figure 1.2 Frontal and lateral views of a Malay male in his early twenties.........................8 

Figure 1.3  Some important steps in the formation of the face (After William Patten, from 

Morris, “Human Anatomy,” McGraw-Hill Book Company, New York in 

Lecture notes, Development of the Head and Neck, Department of Anatomy 

and Structural Biology, University of Otago, 1993)…………………………..9 

Figure 1.4 Drawings of the ossification centres for most bones of the head and face 

(Lecture notes, Development of the Head and Neck, Department of Anatomy 

and Structural Biology, University of Otago, 1993).........................................10 

Figure 1.5 The main developmental divisions of the head and face (Lecture notes, 

Development of the Head and Neck, Department of Anatomy and Structural 

Biology, University of Otago, 1993)…………………………..……………..11 

Figure 1.6 Growth of the facial skeleton in downwards and forwards direction in relation 

to the cranium as shown by arrows (Enlow, 1990)...........................................13 

CHAPTER 2  GENERAL MATERIALS AND METHODS………………..…………….17 

Figure 2.1 The patient is positioned according to specified protocols prior to scanning 

with laser beam guidance for standardisation and a head strap is put in place to 

prevent movement during scanning………………………...………………..25 

Figure 2.2 The radiographer played a major role in obtaining the CT scans, image 

processing and data storage. An additional remote Advantage computer 

workstation proved to be very useful for copying data to CDROM.................27 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xv

Figure 2.3 A ‘clipping’ procedure was applied to remove objects such as the head holder, 

face mask or intubation tube that may obscure viewing of reconstructed 

images. (a) Before and (b) after removal of the face mask (arrow) in this 

subject using the ‘clipping’ procedure..............................................................30 

Figure 2.4 The clipped CT data in slice format were rendered to produce 3D images. The 

usual 3D images rendered are those outlined. X axis chop was usually 

performed at the stage of landmark determination. The other file directories 

contained instructions for rendering if required................................................31 

Figure 2.5 Example of a computer screen containing all the windows needed for landmark 

identification. ....................................................................................................33 

Figure 2.6 The outline of a bone could be viewed and superimposed on the bone by 

selecting the appropriate command in the program. In this example, the outline 

for the mandible has been selected. Wire-frames provided an aid to 

visualisation of separate anatomical regions and formed a part of the procedure 

for checking errors in placement of the landmarks...........................................34 

Figure 2.7 3D-CT of the skull in frontal and posterior views showing measurements for 

cranial vault width.............................................................................................39 

Figure 2.8 3D-CT of the skull in lateral and mid-sagittal views showing measurements for 

cranial vault height............................................................................................40 

Figure 2.9 3D-CT of the skull in lateral view showing measurements for cranial vault 

length.................................................................................................................41 

Figure 2.10 3D-CT of the cranial base from superior and inferior views showing 

measurements for cranial base width. ...............................................................42 

Figure 2.11 3D-CT of the cranial base from superior and mid-sagittal views showing 

measurements for cranial base length. ..............................................................43 

Figure 2.12 3D-CT of the orbit showing measurements for orbital width...........................44 

Figure 2.13 3D-CT of the orbit showing measurements for orbital height and length. .......45 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xvi

Figure 2.14 3D-CT of the nasal bone showing measurements for nasal width and length..46 

Figure 2.15 3D-CT of the nasal bone showing measurements for nasal height...................47 

Figure 2.16 3D-CT of the maxilla showing measurements for maxillary width. ................48 

Figure 2.17 3D-CT of the maxilla showing measurements for maxillary height and length.49 

Figure 2.18 3D-CT of the zygoma showing measurements for zygomatic width, height and 

length.................................................................................................................50 

Figure 2.19 3D-CT of the mandible showing measurements for mandibular width, height 

and length..........................................................................................................51 

Figure 2.20 3D-CT of the skull showing measurements for inter-regional regions.............52 

Figure 2.21 3D-CT images (a) to (j) showing angular measurements. ................................53 

CHAPTER 3 NEW 3D NORMATIVE REFERENCES FOR CRANIOFACIAL 

MORPHOLOGY IN MALAYSIAN MALAYS...........................................69 

Figure 3.1 Graphs of maximum cranial width (cindx.l-cindx.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). .............................................................................................................91 

Figure 3.2 Graphs of interasterion width (as.l-as.r) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)................92 

Figure 3.3 Graphs of interporion width (po.l-po.r) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)................93 

Figure 3.4 Graphs of cranial height (ba-br) versus age for males and females from birth to 

adulthood (above) and from birth to age five years (below). ...........................94 

Figure 3.5 Graphs of left lateral cranial vault height (br-po.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). .............................................................................................................95 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xvii

Figure 3.6 Graphs of right lateral cranial vault height (br-po.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). .............................................................................................................96 

Figure 3.7 Graphs of anterior cranial vault height (n-br) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below) .......97 

Figure 3.8 Graphs of posterior cranial vault height (l-br) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below) .......98 

Figure 3.9 Graphs of lambdoid height (l-o) versus age for males and females from birth to 

adulthood (above) and from birth to age five years (below). ...........................99 

Figure 3.10 Graphs of maximum cranial length (cindxa-cindxp) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................100 

Figure 3.11 Graphs of left lateral cranial vault length (spc.l-as.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below) ............................................................................................................101 

Figure 3.12 Graphs of right lateral cranial vault length (spc.r-as.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................102 

Figure 3.13 Graphs of anterior cranial base width (spa.l-spa.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................103 

Figure 3.14 Graphs of anterior clinoid width (ac.l-ac.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....104 

Figure 3.15 Graphs of superior spheno-occipital synchondrosis width (petsa.l-petsa.r) 

versus age for males and females from birth to adulthood (above) and from 

birth to age five years (below). .......................................................................105 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xviii

Figure 3.16 Graphs of inferior spheno-occipital synchondrosis width (pts.l-pts.r) versus 

age for males and females from birth to adulthood (above) and from birth to 

age five years (below).....................................................................................106 

Figure 3.17 Graphs of posterior cranial fossa width (petp.l-petp.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................107 

Figure 3.18 Graphs of external cranial base width (ss.l-ss.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................108 

Figure 3.19 Graphs of foramen magnum width (fmlhg.l-fmlhg.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................109 

Figure 3.20 Graphs of left anterior cranial fossa length (sor.l-spa.l) versus age for males 

and females from birth to adulthood (above) and from birth to age five years 

(below) ............................................................................................................110 

Figure 3.21 Graphs of right anterior cranial fossa length (sor.r-spa.r) versus age for males 

and females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................111 

Figure 3.22 Graphs of left lateral middle cranial fossa length (spa.l-petp.l) versus age for 

males and females from birth to adulthood (above) and from birth to age five 

years (below)...................................................................................................112 

Figure 3.23 Graphs of right lateral middle cranial fossa length (spa.r-petp.r) versus age for 

males and females from birth to adulthood (above) and from birth to age five 

years (below)...................................................................................................113 

Figure 3.24 Graphs of left petrous ridge length (petsa.l-petp.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below) ............................................................................................................114 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xix

Figure 3.25 Graphs of right petrous ridge length (petsa.r-petp.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below) ............................................................................................................115 

Figure 3.26 Graphs of left spheno-occipital synchondrosis length (pts.l-petsa.l) versus age 

for males and females from birth to adulthood (above) and from birth to age 

five years (below) ...........................................................................................116 

Figure 3.27 Graphs of right spheno-occipital synchondrosis length (pts.r-petsa.r) versus 

age for males and females from birth to adulthood (above) and from birth to 

age five years (below).....................................................................................117 

Figure 3.28 Graphs of foramen magnum length (ba-o) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....118 

Figure 3.29 Graphs of posterior inferior cranial base length (ba-h) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below) ............................................................................................................119 

Figure 3.30 Graphs of cranial base length (ba-n) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)..............120 

Figure 3.31 Graphs of posterior cranial base length (ba-s) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below) .....121 

Figure 3.32 Graphs of anterior cranial base length (s-n) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below) .....122 

Figure 3.33 Graphs of anterior superior orbital width (sor.l-sor.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below) ............................................................................................................123 

Figure 3.34 Graphs of interorbital width (morfl.l-morfl.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below) .....124 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xx

Figure 3.35 Graphs of maximum orbital width (lor.l-lor.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................125 

Figure 3.36 Graphs of anterior inferior orbital width (or.l-or.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................126 

Figure 3.37 Graphs of posterior orbital width (ofa.l-ofa.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below) .....127 

Figure 3.38 Graphs of left orbital distance (lor.l-morfl.l) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....128 

Figure 3.39 Graphs of right orbital distance (lor.r-morfl.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................129 

Figure 3.40 Graphs of left orbital height (sor.l-or.l) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)..............130 

Figure 3.41 Graphs of right orbital height (sor.r-or.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....131 

Figure 3.42 Graphs of left superior orbital length (ofa.l-sor.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................132 

Figure 3.43 Graphs of right superior orbital length (ofa.r-sor.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................133 

Figure 3.44 Graphs of left inferior orbital length (ofa.l-or.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................134 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxi

Figure 3.45 Graphs of right inferior orbital length (ofa.r-or.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................135 

Figure 3.46 Graphs of left medial orbital length (ofa.l-morfl.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................136 

Figure 3.47 Graphs of right medial orbital length (ofa.r-morfl.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................137 

Figure 3.48 Graphs of left lateral orbital length (ofa.l-slor.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................138 

Figure 3.49 Graphs of right lateral orbital length (ofa.r-slor.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................139 

Figure 3.50 Graphs of superior nasal width (snm.l-snm.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....140 

Figure 3.51 Graphs of inferior nasal width (inm.l-inm.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....141 

Figure 3.52 Graphs of nasal aperture width (al.l-al.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....142 

Figure 3.53 Graphs of left nasal height (n-al.l) versus age for males and females from birth 

to adulthood (above) and from birth to age five years (below). .....................143 

Figure 3.54 Graphs of right nasal height (n-al.r) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)..............144 

Figure 3.55 Graphs of nasal aperture height (na-ans) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....145 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxii

Figure 3.56 Graphs of posterior nasal height (pns-h) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)..............146 

Figure 3.57 Graphs of left naso-maxillary suture length (inm.l-snm.l) versus age for males 

and females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................147 

Figure 3.58 Graphs of right naso-maxillary suture length (inm.r-snm.r) versus age for 

males and females from birth to adulthood (above) and from birth to age five 

years (below)...................................................................................................148 

Figure 3.59 Graphs of nasal bone length (na-n) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)..............149 

Figure 3.60 Graphs of vomerine length (h-ans) versus age for males and females from birth 

to adulthood (above) and from birth to age five years (below). .....................150 

Figure 3.61 Graphs of maximum maxillary width (zmi.l-zmi.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................151 

Figure 3.62 Graphs of posterior superior maxillary width (ms.l-ms.r) versus age for males 

and females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................152 

Figure 3.63 Graphs of posterior inferior maxillary width (mxt.l-mxt.r) versus age for males 

and females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................153 

Figure 3.64 Graphs of posterior palatal width (gpf.l-gpf.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....154 

Figure 3.65 Graphs of anterior upper face height (n-ans) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....155 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxiii

Figure 3.66 Graphs of anterior maxillary alveolar height (ans-pr) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................156 

Figure 3.67 Graphs of left posterior maxillary height (mxt.l-ms.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................157 

Figure 3.68 Graphs of right posterior maxillary height (mxt.r-ms.r) versus age for males 

and females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................158 

Figure 3.69 Graphs of left anterior zygo-maxillary suture length (or.l-zmi.l) versus age for 

males and females from birth to adulthood (above) and from birth to age five 

years (below)...................................................................................................159 

Figure 3.70 Graphs of right anterior zygo-maxillary suture length (or.r-zmi.r) versus age 

for males and females from birth to adulthood (above) and from birth to age 

five years (below). ..........................................................................................160 

Figure 3.71 Graphs of left inferior maxillary length (mxt.l-pr) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................161 

Figure 3.72 Graphs of right inferior maxillary length (mxt.r-pr) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................162 

Figure 3.73 Graphs of palatal length (pns-ans) versus age for males and females from birth 

to adulthood (above) and from birth to age five years (below). .....................163 

Figure 3.74 Graphs of superior interzygomatic width (zt.l-zt.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................164 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxiv

Figure 3.75 Graphs of inferior interzygomatic width (zti.l-zti.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................165 

Figure 3.76 Graphs of left zygomatic height (slor.l-zmi.l) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....166 

Figure 3.77 Graphs of right zygomatic height (slor.r-zmi.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................167 

Figure 3.78 Graphs of left zygomatic length (zti.l-or.l) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....168 

Figure 3.79 Graphs of right zygomatic length (zti.r-or.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....169 

Figure 3.80 Graphs of left zygomatic arch length (zt.l-au.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................170 

Figure 3.81 Graphs of right zygomatic arch length (zt.r-au.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................171 

Figure 3.82 Graphs of intergonial width (go.l-go.r) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)..............172 

Figure 3.83 Graphs of intercondylar width (cd.l-cd.r) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....173 

Figure 3.84 Graphs of left superior ramus distance (cd.l-ct.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................174 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxv

Figure 3.85 Graphs of right superior ramus distance (cd.r-ct.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................175 

Figure 3.86 Graphs of anterior mandibular alveolar height (gn-id) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................176 

Figure 3.87 Graphs of left ramus height (cd.l-go.l) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)..............177 

Figure 3.88 Graphs of right ramus height (cd.r-go.r) versus age for males and females from 

birth to adulthood (above) and from birth to age five years (below)..............178 

Figure 3.89 Graphs of left mandibular body length (go.l-gn) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................179 

Figure 3.90 Graphs of right mandibular body length (go.r-gn) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................180 

Figure 3.91 Graphs of left total mandibular length (gn-cd.l) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................181 

Figure 3.92 Graphs of right total mandibular length (gn-cd.r) versus age for males and 

females from birth to adulthood (above) and from birth to age five years 

(below). ...........................................................................................................182 

Figure 3.93 Graphs of inter-regional s-pns length for males and females from birth to 

adulthood (above) and from birth to age five years (below). .........................183 

Figure 3.94 Graphs of inter-regional s-ans length for males and females from birth to 

adulthood (above) and from birth to age five years (below). .........................184 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxvi

Figure 3.95 Graphs of inter-regional ba-pns length for males and females from birth to 

adulthood (above) and from birth to age five years (below). .........................185 

Figure 3.96 Graphs of inter-regional ba-ans length for males and females from birth to 

adulthood (above) and from birth to age five years (below). .........................186 

Figure 3.97 Graphs of left total face length (au.l-ans) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....187 

Figure 3.98 Graphs of right total face length (au.r-ans) versus age for males and females 

from birth to adulthood (above) and from birth to age five years (below). ....188 

Figure 3.99 Graph of cranial base angle (ba-s-n) versus age for males and females 

combined from birth to adulthood. .................................................................189 

Figure 3.100 Graph of nasal angle (s-n-na) versus age for males and females combined from 

birth to adulthood............................................................................................190 

Figure 3.101 Graph of interorbital angle (morfl.l-n-morfl.r) versus age for males and 

females combined from birth to adulthood.....................................................191 

Figure 3.102 Graph of left zygoma projection angle (petsa.l-au.l-zt.l) versus age for males 

and females combined from birth to adulthood. .............................................192 

Figure 3.103 Graph of right zygoma projection angle (petsa.r-au.r-zt.r) versus age for males 

and females combined from birth to adulthood.. ............................................193 

Figure 3.104 Graph of left gonial angle (cd.l-go.l-gn) versus age for males and females 

combined from birth to adulthood. .................................................................194 

Figure 3.105 Graph of right gonial angle (cd.r-go.r-gn) versus age for males and females 

combined from birth to adulthood ..................................................................195 

Figure 3.106 Graph of anterior mandibular angle (go.l-gn-go.r) versus age for males and 

females combined from birth to adulthood.. ...................................................196 

Figure 3.107 Graph for petrous posterius anterior angle (petp.l-es-petp.r) versus age for 

males and females combined from birth to adulthood....................................197 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxvii

Figure 3.108 Graph of angle s-n/ac.l-spa.l versus age for males and females combined from 

birth to adulthood............................................................................................198 

Figure 3.109 Graph of angle s-n/ac.r-spa.r versus age for males and females combined from 

birth to adulthood............................................................................................199 

Figure 3.110 Graph of cranial base/palatal plane angle (s-n/ans-pns) versus age for males 

and females combined from birth to adulthood. .............................................200 

Figure 3.111 Graph of palatal plane/face height angle (n-ans/ans-pns) versus age for males 

and females combined from birth to adulthood ..............................................201 

Figure 3.112 Graph of cephalic index (cindx.l-cindx.r : cindxa-cindxp) versus age for males 

and females combined from birth to adulthood ..............................................202 

Figure 3.113 Graph of left orbital index (sor.l-or.l : lor.l.morfl.l) versus age for males and 

females combined from birth to adulthood.....................................................203 

Figure 3.114 Graph of right orbital index (sor.r-or.r : lor.r-morfl.r) versus age for males and 

females combined from birth to adulthood.....................................................204 

CHAPTER 4 INTRA-POPULATION COMPARISONS OF CRANIOFACIAL 

MORPHOLOGY IN MALAYSIAN MALAYS BASED ON 3D 

COMPUTED TOMOGRAPHY ..................................................................219 

Section A Sexual Dimorphism of Craniofacial Structures .........................................219 

Figure 4.2.1 3D-CT reconstruction of the craniofacial complex showing skeletal appearance 

of a male and a female in 0 to 1 year age category.........................................234 

Figure 4.2.2 3D-CT reconstruction of the craniofacial complex showing skeletal appearance 

of a male and a female in 5 to 10 years age category. ....................................234 

Figure 4.2.3 3D-CT reconstruction of the craniofacial complex showing skeletal appearance 

of a male and a female in 18 years and above age category. ..........................235 

Figure 4.2.4 3D-CT reconstruction of the cranial base of a male and a female in 5 to 10 

years age category...........................................................................................235 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxviii

Figure 4.2.5 3D-CT reconstruction of the cranial base of a male and a female in 18 years 

and above age category...................................................................................236 

Figure 4.2.6 Variables that showed sexual differences during infancy are overlaid on the 

3D-CT reconstructions....................................................................................260 

Figure 4.2.7 Variables that showed sexual differences during childhood are overlaid on the 

3D-CT reconstructions....................................................................................261 

Figure 4.2.8 Variables that showed sexual differences during adulthood are overlaid on the 

3D-CT reconstructions....................................................................................262 

Section B Nature and Extent of Craniofacial Asymmetry .........................................267 

Figure 4.3.1 3D-CT reconstructions with those dimensions that showed significant 

directional asymmetry indicated. Those where the right side was larger than 

the left are indicated on the subject’s right and those where the left side was 

larger than the right are indicated on the subject’s left. ..................................282 

Figure 4.3.2 Scatter plot for asymmetry index values of anterior cranial fossa length versus 

age. ..................................................................................................................283 

Figure 4.3.3 Scatter plot for asymmetry index values of mandibular body length versus 

age.. .................................................................................................................284 

Figure 4.3.4 Scatter plot for asymmetry index values of posterior lesser wing of sphenoid 

length versus age.............................................................................................284 

Figure 4.3.5 Scatter plot for asymmetry index values of zygomatic height versus age. .....285 

CHAPTER 5 INTER-POPULATION COMPARISONS OF CRANIOFACIAL 

MORPHOLOGY BASED ON 3D COMPUTED TOMOGRAPHY........293 

Figure 5.1 Craniofacial variables for inter-population comparisons are overlaid on 3D-CT 

reconstructions of the skull. Linear variables are displayed in (a) and (b) and 

angular variables are displayed in (c) and (d). ................................................302 



List of Figures 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxix

Figure 5.2 Palatal length (pns-ans) from Malay, Michigan and Bolton-Brush studies 

plotted on the same graph for males and females. ..........................................308 

Figure 5.3 Upper face height (n-ans) from Malay, Michigan and Bolton-Brush studies 

plotted on the same graph for males and females. ..........................................308 

Figure 5.4 Maxillary alveolar height (ans-pr) from Malay and Michigan studies plotted 

on the same graph for males and females .......................................................309 

Figure 5.5 Anterior cranial base length (s-n) from Malay, Michigan and Bolton-Brush 

studies plotted on the same graph for males and females...............................309 

Figure 5.6 Posterior cranial base length (ba-s) from Malay, Michigan and Bolton-Brush 

studies plotted on the same graph for males and females. ..............................310 

Figure 5.7 Cranial base length (ba-n) from Malay and Michigan studies plotted on the 

same graph for males and females. .................................................................310 

Figure 5.8 Foramen magnum length (ba-o) from Malay and Michigan studies plotted on 

the same graph for males and females ............................................................311 

Figure 5.9 Inter-regional length (s-pns) from Malay and Michigan studies plotted on the 

same graph for males and females. .................................................................311 

Figure 5.10 Inter-regional length (s-ans) from Malay and Michigan studies plotted on the 

same graph for males and females. .................................................................312 

Figure 5.11 Inter-regional length (ba-pns) from Malay and Michigan studies plotted on the 

same graph for males and females. .................................................................312 

Figure 5.12 Inter-regional length (ba-ans) from Malay and Michigan studies plotted on the 

same graph for males and females. .................................................................313 

Figure 5.13 Angle ba-s-n from Malay and Michigan studies plotted on one graph with 

measurements for males and females combined.............................................313 

Figure 5.14 Angle s-n/ans-pns from Malay and Michigan studies plotted on one graph with 

measurements for males and females combined.............................................314 

 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxx

LIST OF TABLES 

CHAPTER 2  GENERAL MATERIALS AND METHODS………………..…………….17 

Table 2.1 Distribution of subjects and their medical conditions displayed according to 

craniofacial regions…………………………………………………………..22 

Table 2.2 Number of subjects in different age intervals and average ages (±SD) within 

each category ....................................................................................................24 

Table 2.3 Landmark relocation error ................................................................................61 

Table 2.4 Magnitudes of errors of variables .....................................................................63 

CHAPTER 3 NEW 3D NORMATIVE REFERENCES FOR CRANIOFACIAL 

MORPHOLOGY IN MALAYSIAN MALAYS...........................................69 

Table 3.1 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for maximum cranial width (cindx.l-cindx.r) at different age intervals............91 

Table 3.2 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for maximum cranial width (as.l-as.r) at different age intervals. .....................92 

Table 3.3 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for interporion width (po.l-po.r) at different age intervals. ..............................93 

Table 3.4 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for cranial height (ba-br) at different age intervals. .........................................94 

Table 3.5 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left lateral cranial vault height (br-po.l) at different age intervals. .............95 

Table 3.6 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right lateral cranial vault height (br-po.r) at different age intervals. ..........96 

Table 3.7 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior cranial vault height (n-br) at different age intervals. .....................97 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxi

Table 3.8 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior cranial vault height (l-br) at different age intervals. ....................98 

Table 3.9 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for lambdoid height (l-o) at different age intervals...........................................99 

Table 3.10 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for maximum cranial length (cindxa-cindxp) at different age intervals. ........100 

Table 3.11 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left lateral cranial vault length (spc.l-as.l) at different age intervals.........101 

Table 3.12 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right lateral cranial vault length (spc.r-as.r) at different age intervals. ....102 

Table 3.13 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior cranial base width (spa.l-spa.r) at different age intervals............103 

Table 3.14 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior clinoid width (ac.l-ac.r) at different age intervals. ......................104 

Table 3.15 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for superior spheno-occipital synchondrosis width (petsa.l-petsa.r) at different 

age intervals. ...................................................................................................105 

Table 3.16 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for inferior spheno-occipital synchondrosis width (pts.l-pts.r) at different age 

intervals...........................................................................................................106 

Table 3.17 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior cranial fossa width (petp.l-petp.r) at different age intervals. .....107 

Table 3.18 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for external cranial base width (ss.l-ss.r) at different age intervals. ...............108 

Table 3.19 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for foramen magnum width (fmlhg.l-fmlhg.r) at different age intervals.........109 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxii

Table 3.20 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left anterior cranial fossa length (sor.l-spa.l) at different age intervals. ...110 

Table 3.21 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right anterior cranial fossa length (sor.r-spa.r) at different age intervals.111 

Table 3.22 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left lateral middle cranial fossa length (spa.l-petp.l) at different age 

intervals...........................................................................................................112 

Table 3.23 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right lateral middle cranial fossa length (spa.r-petp.r) at different age 

intervals...........................................................................................................113 

Table 3.24 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left petrous ridge length (petsa.l-petp.l) at different age intervals. ...........114 

Table 3.25 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right petrous ridge length (petsa.r-petp.r) at different age intervals. ........115 

Table 3.26 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left spheno-occipital synchondrosis length (pts.l-petsa.l) at different age 

intervals...........................................................................................................116 

Table 3.27 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right spheno-occipital synchondrosis length (pts.r-petsa.r) at different age 

intervals...........................................................................................................117 

Table 3.28 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for foramen magnum length (ba-o) at different age intervals.........................118 

Table 3.29 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior inferior cranial base length (ba-h) at different age intervals......119 

Table 3.30 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for cranial base length (ba-n) at different age intervals. .................................120 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxiii

Table 3.31 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior cranial base length (ba-s) at different age intervals. ..................121 

Table 3.32 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior cranial base length (s-n) at different age intervals. ......................122 

Table 3.33 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior superior orbital width (sor.l-sor.r) at different age intervals. ......123 

Table 3.34 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for interorbital width (morfl.l-morfl.r) at different age intervals. ...................124 

Table 3.35 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for maximum orbital width (lor.l-lor.r) at different age intervals. .................125 

Table 3.36 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior inferior orbital width (or.l-or.r) at different age intervals. ..........126 

Table 3.37 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior orbital width (ofa.l-ofa.r) at different age intervals. ..................127 

Table 3.38 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left orbital distance (lor.l-morfl.l) at different age intervals. ....................128 

Table 3.39 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right orbital distance (lor.r-morfl.r) at different age intervals. .................129 

Table 3.40 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left orbital height (sor.l-or.l) at different age intervals. ............................130 

Table 3.41 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right orbital height (sor.r-or.r) at different age intervals. .........................131 

Table 3.42 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left superior orbital length (ofa.l-sor.l) at different age intervals..............132 

Table 3.43 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right superior orbital length (ofa.r-sor.r) at different age intervals. .........133 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxiv

Table 3.44 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left inferior orbital length (ofa.l-or.l) at different age intervals. ...............134 

Table 3.45 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right inferior orbital length (ofa.r-or.r) at different age intervals. ............135 

Table 3.46 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left medial orbital length (ofa.l-morfl.l) at different age intervals. ...........136 

Table 3.47 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right medial orbital length (ofa.r-morfl.r) at different age intervals. ........137 

Table 3.48 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left lateral orbital length (ofa.l-slor.l) at different age intervals................138 

Table 3.49 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right lateral orbital length (ofa.r-slor.r) at different age intervals. ...........139 

Table 3.50 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for superior nasal width (snm.l-snm.r) at different age intervals. ...................140 

Table 3.51 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for inferior nasal width (inm.l-inm.r) at different age intervals. .....................141 

Table 3.52 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for nasal aperture width (al.l-al.r) at different age intervals...........................142 

Table 3.53 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left nasal height (n-al.l) at different age intervals. ....................................143 

Table 3.54 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right nasal height (n-al.r) at different age intervals. .................................144 

Table 3.55 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for nasal aperture height (na-ans) at different age intervals. ..........................145 

Table 3.56 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior nasal height (pns-h) at different age intervals. ...........................146 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxv

Table 3.57 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left naso-maxillary suture length (inm.l-snm.l) at different age intervals. 147 

Table 3.58 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right naso-maxillary suture length (inm.r-snm.r) at different age intervals.148 

Table 3.59 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for nasal bone length (na-n) at different age intervals. ...................................149 

Table 3.60 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for vomerine length (h-ans) at different age intervals. ...................................150 

Table 3.61 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for maximum maxillary width (zmi.l-zmi.r) at different age intervals. ..........151 

Table 3.62 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior superior maxillary width (ms.l-ms.r) at different age intervals..152 

Table 3.63 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior inferior maxillary width (mxt.l-mxt.r) at different age intervals.153 

Table 3.64 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for posterior palatal width (gpf.l-gpf.r) at different age intervals. ..................154 

Table 3.65 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior upper face height (n-ans) at different age intervals. ....................155 

Table 3.66 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior maxillary alveolar height (ans-pr) at different age intervals. ......156 

Table 3.67 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left posterior maxillary height (mxt.l-ms.l) at different age intervals........157 

Table 3.68 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right posterior maxillary height (mxt.r-ms.r) at different age intervals. ...158 

Table 3.69 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left anterior zygo-maxillary suture length (or.l-zmi.l) at different age 

intervals...........................................................................................................159 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxvi

Table 3.70 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right anterior zygo-maxillary suture length (or.r-zmi.r) at different age 

intervals...........................................................................................................160 

Table 3.71 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left inferior maxillary length (mxt.l-pr) at different age intervals.............161 

Table 3.72 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right inferior maxillary length (mxt.r-pr) at different age intervals. .........162 

Table 3.73 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for palatal length (pns-ans) at different age intervals. ....................................163 

Table 3.74 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for superior interzygomatic width (zt.l-zt.r) at different age intervals............164 

Table 3.75 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for inferior interzygomatic width (zti.l-zti.r) at different age intervals...........165 

Table 3.76 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left zygomatic height (slor.l-zmi.l) at different age intervals. ...................166 

Table 3.77 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right zygomatic height (slor.r-zmi.r) at different age intervals.................167 

Table 3.78 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left zygomatic length (zti.l-or.l) at different age intervals. .......................168 

Table 3.79 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right zygomatic length (zti.r-or.r) at different age intervals. ....................169 

Table 3.80 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left zygomatic arch length (zt.l-au.l) at different age intervals. ................170 

Table 3.81 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right zygomatic arch length (zt.r-au.r) at different age intervals. .............171 

Table 3.82 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for intergonial width (go.l-go.r) at different age intervals..............................172 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxvii

Table 3.83 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for intercondylar width (cd.l-cd.r) at different age intervals. .........................173 

Table 3.84 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left superior ramus distance (cd.l-ct.l) at different age intervals...............174 

Table 3.85 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right superior ramus distance (cd.r-ct.r) at different age intervals............175 

Table 3.86 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for anterior mandibular alveolar height (gn-id) at different age intervals. .....176 

Table 3.87 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left ramus height (cd.l-go.l) at different age intervals...............................177 

Table 3.88 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right ramus height (cd.r-go.r) at different age intervals............................178 

Table 3.89 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left mandibular body length (go.l-gn) at different age intervals. ..............179 

Table 3.90 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right mandibular body length (go.r-gn) at different age intervals.............180 

Table 3.91 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left total mandibular length (gn-cd.l) at different age intervals. ...............181 

Table 3.92 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right total mandibular length (gn-cd.r) at different age intervals..............182 

Table 3.93 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for inter-regional s-pns length at different age intervals.................................183 

Table 3.94 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for inter-regional s-ans length at different age intervals.................................184 

Table 3.95 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for inter-regional ba-pns length at different age intervals. .............................185 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxviii

Table 3.96 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for inter-regional ba-ans length at different age intervals. .............................186 

Table 3.97 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for left total face length (au.l-ans) at different age intervals. .........................187 

Table 3.98 Means (M), standard deviations (SD), minimum and maximum values (in mm) 

for right total face length (au.r-ans) at different age intervals. ......................188 

Table 3.99 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for cranial base angle (ba-s-n) at different age intervals. ..................189 

Table 3.100 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for nasal angle (s-n-na) at different age intervals. .............................190 

Table 3.101 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for interorbital angle (morfl.l-n-morfl.r) at different age intervals. ...191 

Table 3.102 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for left zygoma projection angle (petsa.l-au.l-zt.l) at different age 

intervals...........................................................................................................192 

Table 3.103 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for right zygoma projection angle (petsa.r-au.r-zt.r) at different age 

intervals...........................................................................................................193 

Table 3.104 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for left gonial angle (cd.l-go.l-gn) at different age intervals..............194 

Table 3.105 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for right gonial angle (cd.r-go.r-gn) at different age intervals. .........195 

Table 3.106 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for anterior mandibular angle (go.l-gn-go.r) at different age 

intervals….......................................................................................................196 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xxxix

Table 3.107 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for petrous posterius anterior angle (petp.l-es-petp.r) at different age 

intervals...........................................................................................................197 

Table 3.108 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for angle s-n/ac.l-spa.l at different age intervals. ..............................198 

Table 3.109 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for angle s-n/ac.r-spa.r at different age intervals. .............................199 

Table 3.110 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for cranial base/palatal plane angle (s-n/ans-pns) at different age 

intervals...........................................................................................................200 

Table 3.111 Means (M), standard deviations (SD), minimum and maximum values (in 

degree) for palatal plane/face height angle (n-ans/ans-pns) at different age 

intervals...........................................................................................................201 

Table 3.112 Means (M), standard deviations (SD), minimum and maximum values for 

cephalic index (cindx.l-cindx.r : cindxa-cindxp) at different age intervals. ...202 

Table 3.113 Means (M), standard deviations (SD), minimum and maximum values for left 

orbital index (sor.l-or.l : lor.l.morfl.l) at different age intervals. ...................203 

Table 3.114 Means (M), standard deviations (SD), minimum and maximum values for right 

orbital index (sor.r-or.r : lor.r-morfl.r) at different age intervals. .................204 

Table 3.115 Differences in measurements for cranial vault variables in males and females 

between 0-1 years and adulthood, and between 3-5 years and adulthood, as 

well as percentages of the differences. ...........................................................205 

Table 3.116 Differences in measurements for cranial base variables in males and females 

between 0-1 years and adulthood, and between 3-5 years and adulthood, as 

well as percentages of the differences. ...........................................................206 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xl

Table 3.117 Differences in measurements for orbital variables in males and females 

between 0-1 years and adulthood, and between 3-5 years and adulthood, as 

well as percentages of the differences. ...........................................................207 

Table 3.118 Differences in measurements for nasal variables in males and females between 

0-1 years and adulthood, and between 3-5 years and adulthood, as well as 

percentages of the differences.........................................................................208 

Table 3.119 Differences in measurements for maxillary variables in males and females 

between 0-1 years and adulthood, and between 3-5 years and adulthood, as 

well as percentages of the differences. ...........................................................209 

Table 3.120 Differences in measurements for zygomatic variables in males and females 

between 0-1 years and adulthood, and between 3-5 years and adulthood, as 

well as percentages of the differences. ...........................................................210 

Table 3.121 Differences in measurements for mandibular variables in males and females 

between 0-1 years and adulthood, and between 3-5 years and adulthood, as 

well as percentages of the differences. ...........................................................211 

Table 3.122 Differences in measurements for inter-regional variables in males and females 

between 0-1 years and adulthood, and between 3-5 years and adulthood, as 

well as percentages of the differences. ...........................................................211 

CHAPTER 4 INTRA-POPULATION COMPARISONS OF CRANIOFACIAL 

MORPHOLOGY IN MALAYSIAN MALAYS BASED ON 3D 

COMPUTED TOMOGRAPHY ..................................................................219 

Section A Sexual Dimorphism of Craniofacial Structures .........................................219 

Table 4.2.1 Adjusted mean and adjusted SE for cranial vault variables for males and 

females at age interval 0 to 1 year. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................237 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xli

Table 4.2.2 Adjusted mean and adjusted SE for cranial base variables for males and 

females at age interval 0 to 1 year. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................238 

Table 4.2.3 Adjusted mean and adjusted SE for orbital variables for males and females at 

age interval 0 to 1 year. Probability of age (p age) and sex (p sex) differences 

and R2 and adjusted R2 are also presented. .....................................................239 

Table 4.2.4 Adjusted mean and adjusted SE for nasal variables for males and females at 

age interval 0 to 1 year. Probability of age (p age) and sex (p sex) differences 

and R2 and adjusted R2 are also presented. .....................................................239 

Table 4.2.5 Adjusted mean and adjusted SE for maxillary variables for males and females 

at age interval 0 to 1 year. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................240 

Table 4.2.6 Adjusted mean and adjusted SE for zygomatic variables for males and females 

at age interval 0 to 1 year. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................240 

Table 4.2.7 Adjusted mean and adjusted SE for mandibular variables for males and 

females at age interval 0 to 1 year. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................241 

Table 4.2.8 Adjusted mean and adjusted SE for inter-regional variables for males and 

females at age interval 0 to 1 year. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................241 

Table 4.2.9 Adjusted mean and adjusted SE for angular and index variables for males and 

females at age interval 0 to 1 year. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................242 

Table 4.2.10 Adjusted mean and adjusted SE for cranial vault variables for males and 

females at age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................242 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xlii

Table 4.2.11 Adjusted mean and adjusted SE for cranial base variables for males and 

females at age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................243 

Table 4.2.12 Adjusted mean and adjusted SE for orbital variables for males and females at 

age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................244 

Table 4.2.13 Adjusted mean and adjusted SE for nasal variables for males and females at 

age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................244 

Table 4.2.14 Adjusted mean and adjusted SE for maxillary variables for males and females 

at age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................245 

Table 4.2.15 Adjusted mean and adjusted SE for zygomatic variables for males and females 

at age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................245 

Table 4.2.16 Adjusted mean and adjusted SE for mandibular variables for males and 

females at age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................246 

Table 4.2.17 Adjusted mean and adjusted SE for inter-regional variables for males and 

females at age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................246 

Table 4.2.18 Adjusted mean and adjusted SE for angular and index variables for males and 

females at age interval 5 to 10 years. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................247 

Table 4.2.19 Adjusted mean and adjusted SE for cranial vault variables for males and 

females at age interval 18 years and above. Probability of age (p age) and sex 

(p sex) differences and R2 and adjusted R2 are also presented. ......................247 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xliii

Table 4.2.20 Adjusted mean and adjusted SE for cranial base variables for males and 

females at age interval 18 years and above. Probability of age (p age) and sex 

(p sex) differences and R2 and adjusted R2 are also presented. ......................248 

Table 4.2.21 Adjusted mean and adjusted SE for orbital variables for males and females at 

age interval 18 years and above. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................249 

Table 4.2.22 Adjusted mean and adjusted SE for nasal variables for males and females at 

age interval 18 years and above. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................249 

Table 4.2.23 Adjusted mean and adjusted SE for maxillary variables for males and females 

at age interval 18 years and above. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................250 

Table 4.2.24 Adjusted mean and adjusted SE for zygomatic variables for males and females 

at age interval 18 years and above. Probability of age (p age) and sex (p sex) 

differences and R2 and adjusted R2 are also presented. ..................................250 

Table 4.2.25 Adjusted mean and adjusted SE for mandibular variables for males and 

females at age interval 18 years and above. Probability of age (p age) and sex 

(p sex) differences and R2 and adjusted R2 are also presented. ......................251 

Table 4.2.26 Adjusted mean and adjusted SE for inter-regional variables for males and 

females at age interval 18 years and above. Probability of age (p age) and sex 

(p sex) differences and R2 and adjusted R2 are also presented. ......................251 

Table 4.2.27 Adjusted mean and adjusted SE for angular and index variables for males and 

females at age interval 18 years and above. Probability of age (p age) and sex 

(p sex) differences and R2 and adjusted R2 are also presented. ......................252 

Table 4.2.28 The magnitudes of differences between males and females for cranial vault 

variables at different age categories are presented as percentage of 

dimorphism. ....................................................................................................252 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xliv

Table 4.2.29 The magnitudes of differences between males and females for cranial base 

variables at different age categories are presented as percentage of 

dimorphism. ....................................................................................................253 

Table 4.2.30 The magnitudes of differences between males and females for orbital variables 

at different age categories are presented as percentage of dimorphism..........254 

Table 4.2.31 The magnitudes of differences between males and females for nasal variables 

at different age categories are presented as percentage of dimorphism..........254 

Table 4.2.32 The magnitudes of differences between males and females for maxillary 

variables at different age categories are presented as percentage of 

dimorphism. ....................................................................................................255 

Table 4.2.33 The magnitudes of differences between males and females for zygomatic 

variables at different age categories are presented as percentage of 

dimorphism. ....................................................................................................255 

Table 4.2.34 The magnitudes of differences between males and females for mandibular 

variables at different age categories are presented as percentage of 

dimorphism. ....................................................................................................255 

Table 4.2.35 The magnitudes of differences between males and females for inter-regional 

variables at different age categories are presented as percentage of 

dimorphism. ....................................................................................................256 

Table 4.2.36 The magnitudes of differences between males and females for angular and 

index variables at different age categories are presented as percentage of 

dimorphism. ....................................................................................................256 

Section B Nature and Extent of Craniofacial Asymmetry .........................................267 

Table 4.3.1 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for raw asymmetry are displayed for cranial vault 

variables. .........................................................................................................278 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xlv

Table 4.3.2 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for raw asymmetry are displayed for cranial base 

variables. .........................................................................................................278 

Table 4.3.3 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for raw asymmetry are displayed for orbital 

variables…. .....................................................................................................278 

Table 4.3.4 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for raw asymmetry are displayed for maxillary and 

nasal variables.................................................................................................279 

Table 4.3.5 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for raw asymmetry are displayed for zygomatic and 

face variables. .................................................................................................279 

Table 4.3.6 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for raw asymmetry are displayed for mandibular 

variables. .........................................................................................................279 

Table 4.3.7 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for asymmetry index are displayed for cranial vault 

variables. .........................................................................................................279 

Table 4.3.8 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for asymmetry index are displayed for cranial base 

variables. .........................................................................................................280 

Table 4.3.9 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for asymmetry index are displayed for orbital 

variables. .........................................................................................................280 

Table 4.3.10 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for asymmetry index are displayed for maxillary and 

nasal variables.................................................................................................280 



List of Tables 
_____________________________________________________________________________  
 

_____________________________________________________________________________  
 xlvi

Table 4.3.11 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for asymmetry index are displayed for zygomatic and 

face variables. .................................................................................................281 

Table 4.3.12 Mean, median, standard deviation (SD), standard error (SE), minimum, 

maximum and p values for asymmetry index are displayed for mandibular 

variables. .........................................................................................................281 

CHAPTER 5 INTER-POPULATION COMPARISONS OF CRANIOFACIAL 

MORPHOLOGY BASED ON 3D COMPUTED TOMOGRAPHY........293 

Table 5.1 Comparison of selected linear and angular variables between Michigan and 

Malay studies for males and females at age 6 years .......................................306 

Table 5.2 Comparison of selected linear and angular variables between Michigan and 

Malay studies for males and females at age 16 years .....................................306 

Table 5.3 Comparison of selected linear variables between Bolton-Brush and Malay 

studies for males and females at age 1 year....................................................307 

Table 5.4 Comparison of selected linear variables between Bolton-Brush and Malay 

studies for males and females at age 6 year....................................................307 

Table 5.5 Comparison of selected linear variables between Bolton-Brush and Malay 

studies for males and females at age 18 year..................................................307 

 


	TITLE PAGE: CRANIOFACIAL GROWTH CHANGES IN MALAYSIAN MALAY CHILDREN AND YOUNG ADULTS: A CROSS-SECTIONAL 3-DIMENSIONAL CT STUDY
	DECLARATION
	ACKNOWLEDGEMENTS
	SUMMARY
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES




