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Abstract

The aim of this study was to carry out a detailed analysis of dental crown size and
morphology in the four main ethnic groups living in Malaysia; Malays, Chinese, Indians and

Negritos. The particular foc
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where the need to determine identity is hampered by lack of detailed dental records. The
outcomes of the study aiso have application in describing population affinities and histories in a
broader anthropological context.

Recent mass disasters have highlighted the important role played by the dentition in
confirming the identity of deceased persons. Although the use of dental structures to determine
age is well accepted, objective methods to discriminate gender and ethnicity based on dental
features have not been described or tested to any great extent. There are, however, situations
where such methods, if shown to have good predictive value, would make a valuable
contribution to forensic investigations.

Dental impressions of 790 individuals were obtained by the author over a 3-month
period and dental models were constructed from these impressions. Tooth size and dental
crown morphology were recorded from the dental models using digital callipers and visual
observation. The data were analysed to determine within- and between-group variation using
both univariate and multivariate analyses. Models to predict ethnicity and sex were developed
and tested for accuracy.

Metric tooth size data revealed no significant trends in directional asymmetry in any of
the groups. The Chinese sample showed dimensional variability in the dentition which
conformed to morphogenetic field theory and also displayed the most sexual dimorphism in
crown size. In terms of tooth size, the Malays and Chinese were close, while the Negritos were
distinctly separated from the other groups.

Morphological crown traits tended to be expressed symmetrically with little evidence of
sexual dimorphism. Phenetic distance estimates based on crown morphology indicated that
Malays, Chinese and Negritos could be grouped together to represent a Mongoloid group. The
Indians formed a separate group who displayed Indo-european features in their dentitions.

Tooth size data were used alone to generate sex prediction models in alf four groups,
and then they were combined with selected crown traits to evaluate ethnicity prediction models
between Malays, Chinese and Indians.

The most successful sex discrimination results, at 88% accuracy, were observed in the

Chinese group. Models generated for samples where groups were combined, to simulate a



situation where ethnicity was unknown, still provided over 80% accuracy in determining sex.
The ethnicity discrimination rates between Malays, Chinese and Indians were relatively low,
although the models that were developed performed better than chance. When Malays and
Chinese were pooled to form a Mongoloid group, predictability improved to 72% accuracy.
The use of logistic regression analysis on combined metric and non-metric data improved the
success rates to 87.6 - 91.5%.

This thesis provides the first comprehensive description of the dental characteristics of
the four main ethnic groups in Malaysia. The results have shown that predictive models can be
developed from dental data with sufficient predictive power to discriminate between the sexes
and ethnic groups. These models are potentially valuable in forensic cases where there are
low rates of dental caries or few dental restorations, or where dental records are incomplete.
The results are also valuable in a broader anthropological context in improving our

understanding of the affinities and histories of the different ethnic groups living in Malaysia.



Introduction

The origins of the Malaysian population can be described in two phases: prehistoric and
modern. From the prehistoric phase, two models are useful to describe population migrations
and origins. Jacob (1967) introduced the dual layer model, which indicated that northem
Mongoloid people migrated and invaded mainland Southeast Asia via South China. The invasion
during the Neolithic period introduced new genetic material to the indigenous people who were
believed to possess an Australomelanesoid appearance. The presence of indigenous people in
the area received support from Von Koenigswald (1952), Bellwood (1978) and Matsumura and
Majid (1999). Bellwood (1978) further commented that the Negritos, who are short, dark and
dolichocephalic, had escaped from breeding with the northern Mongoloids. He postulated that
small physical characteristics provided selective advantages for the Negritos to survive in
isolated mountainous areas, and this saved them from interbreeding with the northem
Mongoloids. This model also received support from Matsumura and Hudson (2005). The second
model postulates that modern Southeast Asians originated from Late Pleistocene people who
lived in Sundaland and who had undergone local evolutionary changes without genetic mixture.
This model is supported by Turner (1987), Tumer (1990), Hanihara (1992a) and Hanihara
(1992b). Hanihara (1992a) and Hanihara (1992b) included in this model the hypothesized role of
Proto-Malays who the author claimed as the indigenous direct lineage of the ancestral
population in Sundaland. The Proto-Malays include the Negritos (Aeta of Luzon) and Dayak of
Bomeo who the author believed were the intermediate ancestors of modern Southeast Asians
(Hanihara, 1992a).

The modern history of Malaysian populations includes a major influx of Chinese from
South China and Indians from South India during 19t century (Zainuddin, 2003). These events
have significantly contributed to the people we now see in modern Malaysia. The current
situation introduces challenges to dental practitioners and to forensic scientists. In the first
instance, normative data need to be established before predictive statistics for forensic
purposes can be applied.

Human identity has significant social and legal impact for both living and deceased
persons. Generally, for living persons, identity is important for security reasons such as banking
transactions, access to secure sites and facilities and in pre\}enting falsification of insurance
claims, to name but a few. The importance of identification of the deceased has been frequently
addressed for single and multiple casualties (Pretty and Swest, 2001), and in homicide
investigations (Brown, 1982; Rudnick, 1984; Rothwell et af., 1989; Whittaker, 1994),



From a legal perspective, death certificates cannot be issued unless the identity of the
person in question has been confirmed. A death certificate is an important document in enabling
a burial permit to be issued, for a family to claim life insurance and assets, and for a spouse to
remarry. An official burial ceremony will be delayed without a death certificate. This has a major
impact in Muslim communities since the dead are required to be buried as soon as possible after
death. Under Malaysian civil law, without a death certificate widow status and access to a
spouse's assets are frozen for seven years (Evidence Act 1950). This also applies to Muslim
women, under the enactment of Muslim Family Section 41(1) No. 1/1983, with seven years
being required before the declaration of death can be made by the Syariah court. This lengthy
period will obviously mean that many dependants will suffer financial hardship, although if any
insurance claims and assets can be settled smoothly after the loss of the sole breadwinner, a
family may be able to resume their regular life reasonably well,

Confirmation of identity can also be of considerable significance in civil and police
investigations following deaths. In aviation disaster investigations, identification of victims can
prove crucial in the reconstruction phase. From the nature and extent of injuries of victims and
matching against seat allocations, investigators may be able to determine the cause of an
accident. These findings can then be used to improve safety and prevent similar accidents in
the future.

Tooth size and morphology has been used successfully in anthropology because teeth
are generally hard and robust, do not decompose and are reasonably fire-resistant. Dahlberg
(1963) and Dahlberg (1985) indicated that tooth morphology can also be useful in forensic
applications, particularly in reconstructive identification processes. Dental traits proposed by
(Dahlberg, 1963) as suitable for use in forensic circumstances include cusp size, number and
location; simple and complex occlusal cusp-groove surface patterns; individual tooth
measurements; dimensional proportions between kinds of teeth (second premolar: first molar);
and number and arrangement of teeth. Irrespective of whether dental traits are used for
anthropologic or forensic applications, the main working principles are centered on the
assumption of strong genetic determination and individuality of the trait or group of traits
selected Dahlberg (1957).

Many studies have shown that tooth size varies within and between populations in
several aspects: dimensional variability, the degree and pattern of sexual dimorphism, and
asymmetry (Moorrees, 1951; Moorrees, 1957; Gamn et al., 1968; Matis and Zwemer, 1971,



Hanihara, 1976; Townsend and Brown, 1979; Kieser and Preston, 1981; Kieser ef al., 1985;
Kieser, 1990; Yuen ef al., 1996; Yuen et al., 1997; Hanihara and Ishida, 2005).

Similarly, in a review by Scott and Tumer (1997), it was concluded that tooth
morphology was suitable for population characterization due to its low sexual dimorphism and
strong symmetry. Several researchers have found no significant sexual dimorphism for dental
traits (Garn ef al., 1966b; Bang and Hasund, 1971; Bang and Hasund, 1972; Hanihara, 1977;
Turner and Hanihara, 1977; Tumer and Scott, 1977; Hershey, 1979; Scott, 1980; Hassanali,
1982, Mayhall et al, 1982, Kieser, 1984; Thomas et al, 1986; Townsend et al, 1986:
Haeussler ef al, 1989; Townsend et al, 1990; Manabe et al, 1992; Rusmah, 1992;
Kannappan and Swaminathan, 1998) while others have noted higher frequencies for certain
features in males (Rothhammer ef al., 1968; Escobar ef af.,, 1977; Scott, 1977b; Townsend and
Brown, 1981a; Iwai-Liao et al., 1996; Hsu et al,, 1997) and occasionally in females (Harris and
Bailit, 1980). Several studies have indicated that dental traits tend to be expressed
symmetrically (Baume and Crawford, 1979; Harris and Bailit, 1980; Noss et al, 1983b:
Townsend et al., 1990) while others have reported some evidence of asymmetry (Meredith and
Hixon, 1954; Mayhall and Saunders, 1986; Moskona et al., 1996). Inter-trait associations tend
to be strong for traits within tooth classes e.g. shovelling on the central and lateral incisors
(Sofaer et al., 1972; Scott, 1977a) but normally weak between different traits (Gamn et al.,
1966a; Sofaer et al., 1972; Scott, 1978; Scott, 1979; Axelsson and Kirveskari, 1982; Motayam
et al, 1985, Macho and Cecchi, 1992). However, up until now there has been a gap in
knowiedge about normal variation of tooth size and morphology in Malaysian populations.

Thus, the study described, aims ta characterize variation in tooth size and dental crown
traits, within-groups as well as between-groups, to assess affinities in four major Malaysian
groups based on tooth size and frequencies of occurrence of their dental features and to

develop methods that could be used for forensic cases where the need to determine identity is
hampered by lack of quality of dental records.



Table 1 Distribution of participants according to sex and age within

four ethnic groups
Ethnic Sex N Mean SD
_group (years)
Malays Female 167 15.6 1.2
Male 126 16.1 1.3
Total 293 15.4 13
Chinese Female 88 14.5 13
Male 90 14.7 1.5
Total 178 146 14
Indians Female 131 15.8 14
Male 121 15.6 13
Total 252 15.7 1.3
Negritos Female 33 283 8.2
{Jahai) Male 34 30.5 13.1
Total 67 29.4 10.9
Total Female 419 16.4 4.4
Male 371 16.6 6.1
Total 790 16.5 5.2

N, sample size; SD, standard deviation



Table 2 Age and sex distribution of subjects for permanent tooth size

measurements
Ethnic
group Sex N  Mean" SD Age range

Malays Female 83 16.3 0.7 12-17
Male 75 16.0 0.8 12-17
Total 158 16.2 0.8 12-17

Chinese Female 69 14.5 1.4 12-17
Male 75 14.8 1.5 12-17
Total 144 147 14 12-17

Indians Female 78 15.9 1.5 13-18
Male 73 15.7 1.3 13-18
Total 151 15.8 1.4 13-18

Jahai Female 29 279 86 17-51
Male 26 265 108 13-51
Total 55 272 96 13-51

Total Female 259 17.0 50 12-51
Male 249 16.6 5.0 12-51
Total 508 16.8 5.0 12-51

N, sample size; SD, standard deviation; *, approximate age in years



Table 3 Basic descriptive statistics and sexual dimorphism for permanent tooth size in Malays

Tooth Female Male Total Levene's % sex
N Mean SD CV N Mean SD CV N Mean SD CV test dimorphism
Maxilla
Mesiodistal v
11 79 850 056 66 73 870 * 046 53 152 859 0.52 6.1 NS 24
12 80 700 065 93 73 7.08 058 8.2 153 7.04 062 88 NS 1.2
C 81 781 049 6.2 72 827 ** 043 52 153 803 051 64 NS 59
P1 83 7.44 041 55 73 752 042 586 156 748 042 56 NS 1.2
p2 83 699 043 6.2 73 7.03 043 6.1 156 7.01 043 6.1 NS 0.6
M1 77 1053 049 47 72 1069 052 438 149 1061 051 48 NS 14
70 990 059 6.0 67 1016 * 048 47 137 1003 055 55 S 2.7

M2




Table 3 (continued)

Tooth Female Male Total Levene's % sex
N Mean SO CV N  Mean SO CV N Mean SD CV test dimorphism
Maxilla

Buccolingual

11 80 7.13 048 6.7 69 741 ™ 049 66 149 726 050 6.9 NS 4.0
2 77 6.45 045 70 70 675 ™ 047 69 147 659 048 73 NS 47
C 78 7.92 052 6.6 69 829 ™ 053 64 147 810 05 69 NS 47
P1 81 9.49 046 49 73 977 * 050 541 154 962 050 52 NS 30
P2 81 9.40 054 57 72 960 * 054 56 153 949 055 58 NS 21
M1 79 11.18 049 44 69 1161 ™ 057 49 148 1138 057 50 NS 39
M2 76 11.05 062 56 72 14 ™ 070 6.2 148 1123 0.68 6.1 NS 33




Table 3 (continued)

Tooth Female Male Total Levene's % sex
N  Mean sD ¢V N Mean SDCV N Mean SD CV  test  dimorphism
Mandible
Mesiodistal
11 81 5.44 032 59 71 556 * 037 66 152 549 035 6.3 NS 2.3
12 81 6.06 038 6.3 73 6.14 034 56 154 6140 036 6.0 NS 1.2
C 80 6.77 039 58 73 729 ™ 041 56 153 698 045 65 NS 6.5
P1 80 7.28 042 58 75 743 * 045 6.1 155 736 044 6.0 NS 21
P2 79 7.32 045 6.2 72 7.39 046 6.3 151 735 046 6.2 NS 1.0
M1 78 1135 047 441 72 1166 * 050 4.3 150 1150 050 44 NS 2.7
M2 5 1028 064 63 60 1059 * 066 6.2 116 1044 067 64 NS 30




Table 3 (continued)

Tooth Female Male Total Levene's % sex
N Mean s Qv N Mean SO Cv N Mean SO CvV test dimorphism
Mandible
Buccolingual
" 68 5.76 038 66 60 597 * 037 6.2 128 5.86 039 66 NS 37
2 70 6.14 038 6.1 67 630 * 047 74 137 622 043 69 NS 2.7
C 73 7.12 048 68 67 752 * 059 78 140 7.31 057 78 3 5.6
P1 75 7.99 044 55 73 828 *™ 052 63 148 8.14 050 6.2 NS 3T
P2 70 8.55 047 55 68 881 ™ 041 47 138 8.68 046 53 NS 3.0
M1 76 10.81 046 43 72 1099 * 050 45 148 1090 049 45 NS 1.6
M2 72 1044 046 44 70 1084 * 058 54 | 142 1064 056 52 NS 3.7

N, sample size; SD, standard deviation; CV, coefficient of variation (% SD/mean); % sex dimorphism; (mean male-mean female/mean female)100;

S, equal variances not assumed; NS; equal variances assumed; *, p<0.05; **, p<0.01



Table 4 Basic descriptive statistics and sexual dimorphism for permanent tooth size in Chinese

Tooth Female Male Total Levene's % sex

N Mean SD CV N Mean SD _CV N Mean SD CV test dimorphism
Maxilla

Mesiodistal

k| 68 860 046 54 74 891 * 048 54 142 B8.76 049 56 NS 36

12 67 709 056 8.0 71 739 * 057 7.7 138 7.25 058 8.1 NS 43

C 66 807 043 53 74 838 *™ 048 58 140 8.23 048 59 NS 39

P1 68 752 042 56 73 776 *™ 041 53 141 764 043 56 NS 3.2

P2 66 706 041 58 71 730 * 044 6.1 137 718 044 6.2 NS 35

M1 68 1037 051 49 70 1067 * 047 44 138° 1052 051 49 NS 2.8

M2 53 991 059 59 56 1030 * 051 4.9 109 10.11 058 57 NS 4.0

0L



Table 4 (continued)

Tooth Female Male Total Levene's % sex
N  Mean SD CV N  Mean SD CV N Mean SD CV test dimorphism
Maxilla

Buccolingual :

1 66  7.09 040 57 66 741 * 049 66 132 725 047 65 NS 44
12 62 6.55 051 78 65 679 * 051 75 127 667 052 78 NS 37
C 63 8.1 049 6.1 65 835 * 058 69 128 823 055 66 NS 29
P1 66  9.57 047 49 72 1002 * 054 54 138 980 055 56 NS 4.6
P2 67 932 056 6.1 72 9.76 ™ 062 64 139 955 063 6.6 NS 4.7
M1 67 1119 050 45 73 1174 * 051 43 140 1148 057 50 NS 49
M2 5 1105 060 54 62 1158 * 078 67 118 1133 074 66 S 48

b



Table 4 (continued)

Tooth Female Male Total Levene's % sex
N Mean SD CV N  Mean SD CV N Mean SD CV test dimorphism
Mandible
Mesiodistal
11 65 5.48 033 6.0 74 560 * 032 58 139 554 033 6.0 NS 22
12 67 6.07 031 5.1 74 6.18 035 57 141 6143 034 55 NS 1.8
C 68 6.90 038 56 74 729 * 041 56 - 142 710 044 6.2 NS 57
P1 68 7.33 0.38 5.1 72 758 *™ 037 49 140 746 039 53 NS 34
p2 64 _ 7.26 045 6.2 72 758 * 043 57 136 743 047 6.3 NS 44
M1 68 11.21 051 486 72 1184 * 042 36 140 1143 052 45 NS 39
M2 10.13 054 53 45 1081 * 064 59 B8 1048 068 65 NS 6.7

43

4



Table 4 (continued)

Tooth Female Male Total Levene's % sex
N Mean SD ¢V N Mean SD CV N Mean SD CV test dimorphism
Mandible '

Buccolingual

11 62 5.75 035 6.1 59 600 ™ 036 59 121 587 037 64 NS 43

12 61 6.18 035 57 64 6.28 034 54 125 623 035 56 NS 1.7

C 64 7.23 049 67 69 747 * 061 8.1 133 736 056 76 S 33

P1 66 8.06 036 45 70 847 * 049 58 136 827 047 57 S 5.0

P2 60 8.59 040 47 71 892 * (056 6.2 131 877 052 59 S 38

M1 68  10.75 044 41 71 1113 ™ 044 40 139 1094 048 44 NS 3.5
42

M2 60  10.41 050 48 63 1085 ™ 050 4.6 123 1063 054 51 NS

N, sample size; SD, standard deviation; CV, coefficient of variation {100*SD/mean); % sex dimorphism (100*mean male-mean
female/mean female); S, variance was not equally assumed; NS, equal variance assumed; *, p<0.05; **, p<0.01

€l



Table 5 Basic descriptive statistics and sexu

al dimorphism for permanent tooth size in Indians

Tooth Female Male Total Levene's % sex

N Mean SD CV N Mean Sb CV N Mean SD CV test dimorphism
Maxilla

Mesiodistal .

ki 77 856 046 54 71 880 * 032 37 148 867 042 48 S 2.8

12 75 691 055 8.0 70  7.01 046 6.5 145 696 051 73 NS 13

G 73 766 041 54 68 796 * 0.3% 49 141 780 043 55 NS 39

P1 76 716 035 4.9 71 728 * 035 438 147 722 035 49 NS 1.8

P2 70 679 029 43 69 693 * 038 55 139 686 035 50 S 2.1

M1 74 10.37 052 5.0 69 1057 * 055 52 143 1046 0.54 52 NS 19

M2 59 1001 063 6.3 58 1028 * 064 6.3 117 1015 065 64 NS 27

145



Table 5 (continued)

Tooth Female Male Total Levene's % sex
N  Mean SD CV N  Mean SD CV N Mean SD CV test dimorphism
Maxilla

Buccolingual

1 73 7.08 051 72 67 737 ™ 045 6.2 140 721 050 7.0 NS 41
12 67 645 0.55 85 65 6.60 043 6.5 132 653 050 7.6 NS 23
C 71 780 054 69 62 812 ™ 054 66 133 795 05 7.0 NS 4.1
P1 75 934 044 47 72 969 ™ 047 438 147 951t 049 51 NS 38
P2 75 920 051 56 68 962 ™ 046 47 143 940 053 56 NS 45
M1 77 1118 059 53 70 1154 ™ 045 39 147 1135 056 49 NS 32
M2 71 1075 067 6.2 65 1117 ** 063 56 136 1095 068 6.2 NS 39

Gl



Table 5 (continued)

Tooth Female Male Total Levene's % sex
N Mean SD CV N  Mean SD__CV N Mean SD CV  test  dimorphism
Mandible

Mesiodistal
11 76 543 033 62 73 5.52 028 51 149 547 031 57 NS 18
12 7% 591 036 6.0 72 6.07 * 035 58 148 599 036 6.0 NS 26
' 74 662 031 47 72 699 ™ 037 53 146 681 039 57 NS 5.6
P1 76 719 042 58 72 7.30 032 44 148 724 038 5.2 NS 1.4
P2 72 122 044 62 68 738 * 040 54 140 730 043 59 NS 2.3
M1 75 11.06 053 48 69 1133 * 056 4.9 144 1119 056 50 NS 24
M2 47 1029 063 61 42 1050 050 4.7 89 1039 058 586 NS 21

91



Table 5 (continued)

Tooth Female Male Total Levene's % sex
N Mean SO CV N  Mean SD Cv N Mean SD CV test dimorphism
Mandible

Buccolingual
1 69 589 043 82 67  6.03 036 60 136 596 043 7.3 NS 24
12 72 6.18 041 67 68  6.25 040 6.3 140 621 041 65 NS 1.2
C 65 7.04 054 77 52 7.21 047 65 17 711 052, 72 NS 24
P1 74 807 047 58 69 819 044 53 143 8143 045 586 NS 16
P2 75 863 049 57 72 884 * 049 55 147 873 050 57 NS 24
M1 74 1069 048 45 711097 * 046 4.2 145 10.83 049 45 NS 2.6
M2 68 1034 057 56 62 1065 * 050 47 130 1049 056 53 NS 3.0

N, sampie size; SD, standard deviation; CV, coefficient of variation (% SD/mean); % sex dimorphism; (mean male-mean female/mean
female)100; S, equal variances not assumed; NS; equal variances assumed; *, p<0.05; **, p<0.01

L)



Table 6 Basic descriptive statistics and sexual dimorphism for permanent tooth size in Jahai

Tooth Female Male Total Levene's % sex
N Mean SD CV N Mean SD CV N Mean SD CV test dimorphism
Maxilla

Mesiodistal

1 25 829 054 65 21 860 048 56 46 843 053 63 NS ag
12 25 664 052 79 24 703 050 71 49 683 054 80 NS 59
G 27 7.65 040 53 25 793 043 54 52 778 043 56 NS 37
P1 28 721 040 55 26 717 038 53 54 719 039 54 NS 0.6
P2 26 6.86 035 5.1 21 680 027 40 47 683 032 46 NS 0.9
M1 25 10.28 046 45 22 1058 055 52 47 1042 052 50 NS 3.0
M2 27 980 049 50 24 995 052 53 51 987 051 51 NS 15

8l



Table 6 (continued)

Tooth Female Male Total Levene's % sex
N  Mean SD CV N Mean SD Ccv N Mean SD CV ftest dimorphism
Maxilla

Buccolingual
" 21 713 058 82 12 747 042 586 33 726 055 76 NS 47
2 18 640 035 55 13 6.72 054 81 31 653 046 71 NS 5.1
C 24 830 035 42
P1 22 935 041 44 16 941 055 58 38 938 047 50 NS 0.6
P2 24 939 044 47 16 947 051 54 40 942 046 49 NS 0.8
M1 18 1130 037 33 11 1197 050 42 * 29 1155 053 46 NS 5.9
M2 21 11.05 064 58 13 1135 068 6.0 3¢ 1117 066 59 NS 27

61



Table 6 (continued)

Tooth Female Male Total Levene's % sex
N Mean SD CvV N Mean SD cv N Mean SD CV test dimorphism
Mandible

Mesiodistal
11 25 5.30 028 5.2 21 545 028 5.2 48 537 029 54 NS 28
12 29 6.05 047 78 23 619 042 6.8 52 6.1 045 74 NS 2.3
C 28 685 035 5.1 23 728 049 67 *™ 51 7.04 047 66 NS 6.3
P1 28 7.16 051 71 22 710 039 55 50 7.13 046 64 NS 08
P2 27 7.16 037 5.2 22 703 034 48 49 710 036 5.0 NS -1.8
M1 22 11.01 053 438 20 1135 049 44 * 42 1117 053 48 NS 30
M2 24 10.02 050 50 19 993 064 64 43  9.98 056 56 NS 09

0¢



Table 6 (continued)

Tooth Female Male Total Levene's % sex

N  Mean SD  CV N Mean SD CV N Mean SD CV test dimorphism
Mandible

Buccolingual

i1

12

c

P1 18 795 060 75 15 8.00 042 53 33 797 052 65 NS 0.5

P2 16 838 053 6.3 16 849 057 67 32 844 054 65 NS 1.3

M1 15 1053 051 48 16 1079 066 6.1 31 1066 059 56 NS 25

M2 18 1045 057 55 17 1060 061 58 35 1052 059 56 NS 14

N, sample size; SD, standard deviation; CV, coefficient of variation (% SD/mean); % sex dimorphism ; (mean male-mean female/mean

female)100; S, equal variances not assumed; NS, equal varian,ces assumed; *, p<0.05; **, p<0.01

(¥4



Table 7 Matrix of Penrose shape coefficients for three ethnic groups (pooled-sex

data)
Malays Chinese Indians
Malays - 0.022322 |  0.044253
Chinese 0.022322 | - 0.071694
Indians 0.044253 0.07169%4 | -

28 variables were used

Dendrogram using Ward method

Rescaled Distance Cluster Combine

0 5 10 15 20 25
tmmmmmm - e ommme e Fomm e fmm e +
Malays _J
Chinese
Indians

Figure 1 Dendrogram of three Malaysian ethnic groups

22
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Table 8 Matrix of Penrose shape coefficients for four ethnic groups (pooled-sex data)

Malays Chinese Indians Jahai
Malays | - 0.02395 [ 0.040397 | 0.064303
Chinese 0.02395 | - 0.064814 | 0.097989
Indians 0.040397 | 0.064814 | - 0.091255
Jahai 0.064303 | 0.097989 | 0.091255 | -

24 variables were used

Dendrogram using Ward method

Rescaled Distance Cluster Combine

0 5 10 15 20 25
- o m——— Fom————— Fm———————— Fmm——————— +
Malays
Chinese J
Indians
Jahai

Figure 2 Dendrogram of four Malaysian ethnic groups



Table 9 General linear modeling muitivariate analysis of variance for three ethnic groups

Hypothesis Observed
Effect Value F df Error df Sig. Power®
Sex Pillai's Trace 0.402 10.07 28 420 0.0000 1.000
Wilks' Lambda 0.598 10.07 28 420 0.0000 1.000
Hotelling's Trace 0.672 10.07 28 420 0.0000 1.000
Roy's Largest
Root 0.672 10.07 28 420 0.0000 1.000
Ethnicity Pillai's Trace 0.552 5.74 56 842 0.0000 1.000
Wilks' Lambda 0.509 6.01 56 840 0.0000 1.000
Hotelling's Trace 0.841 6.29 56 838 0.0000 1.000
Roy's Largest _
Root 0.656 9.86 28 421 0.0000 1.000
Sex*Ethnicity Pillai's Trace 0.189 1.57 56 842 0.0059 1.000
Wilks' Lambda 0.820 1.56 56 840 0.0061 1.000
Hotelling's Trace 0.209 1.56 56 838 0.0063 1.000
Roy's Largest
Root 0.114 1.72 28 421 0.0138 0.992

a, Computed using alpha = .05

ve



Table 10 Classification accuracy for sex prediction in Malays

Predicted
Group
Membership Total
Sex Female Male
Cases Selected  Original Count  Female 68 15 83
Male 13 62 75
% Female 819 181 100.0
Male 17.3 827 100.0
Cross-
validated Count Female 66 17 83
Male 16 59 75
% Female 795 205 100.0
Male 213 787 100.0
Cases Not
Selected Original Count Female 13 3 16
Male 5 11 16
% Female 813 188 100.0
Male 31.3 688 100.0
82.3% of selected original grouped cases correctly classified.
75.0% of unselected original grouped cases correctly classified.
79.1% of selected cross-validated grouped cases correctly classified.
Table 11 Classification accuracy for sex prediction in Chinese
Predicted Group
Membership Total
Sex Female Male
Cases Selected Original Count Female 59 10 69
Male 14 61 75
% Female 85.5 14.5 100.0
Male 18.7 81.3 100.0
Cross- Count Female 58 11 69
validated Male 14 61 75
% Female 84.1 15.9 100.0
Male 18.7 81.3 100.0
Cases Not Original Count Female 16 3 19
Selected Male 3 11 14
% Female 84.2 15.8 100.0
Male 21.4 786 100.0

83.3% of selected original grouped cases correctly classified. -
81.8% of unselected original grouped cases correctly classified.
82.6% of selected cross-validated grouped cases correctly classified.
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Table 12 Classification accuracy for sex prediction in Indians
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Predicted Group
Membership Total
Sex Female Male
Cases Selected Original Count Female 58 20 78
Male 18 55 73
% Female 74.4 256 100.0
Male 247 75.3 100.0
Cross- Count Female 56 22 78
validated Male 18 85 73
% Female 71.8 28.2 100.0
Male 247 75.3 100.0
Cases Not Original Count Female 13 4 17
Selected Male 5 12 17
% Female 76.5 235 100.0
Male 29.4 70.6 100.0

74 .8% of selected original grouped cases correctly classified.
73.5% of unselected original grouped cases correctly classified.
73.5% of selected cross-validated grouped cases correctly classified.

Table 13 Classification accuracy for sex prediction in Jahai

Predicted Group
Membership Total
Sex Female Malie
Original Count Female 25 4 29
Male 5 21 26
% Female 86.2 13.8 100.0
Male 19.2 80.8 100.0
Cross-validated Count Female 25 4 29
Male 7 19 26
% Female 86.2 13.8 100.0
Male 269 73.1 100.0

83.6% of original grouped cases correctly classified.



Table 14 Classification accuracy for sex predictions in pooled ethnic groups

Predicted Group
Membership Total
Sex Female Male
Cases

Selected Original  Count Female 188 42 230
Male 61 162 223
% Female 81.7 18.3 100.0
Male 274 72,6 100.0
Cross- Count Female 184 46 230
validated Male 64 159 223
% Female 80.0 20.0 100.0
Male 287 71.3 100.0
Cases Not Original  Count Female 47 5 52
Selected Male 13 34 47
% Female 90.4 9.6 100.0
Male 27.7 723 100.0

Cross validation is done only for those cases in the analysis. In cross validation,
each case is classified by the functions derived from all cases other than that

case.

77.3% of selected original grouped cases correctly classified.

81.8% of unselected original grouped cases correctly classified.
75.7% of selected cross-validated grouped cases correctly classified.

27



Table 15 Sample distributions according to ethnicity and sex (metric analysis)

Ethnic Sex N
Malays Female 83
Male 75
Total 158
Chinese Female 69
Male 75
Total 144
Indians Female 78
Male 73
Total 151
Total Female 230
Male 223
Total 453

Table 16 Sample distributions for Mongoloids and Indians (metric analysis)

Ethnic Sex N
Malays Female 37
Male 36
Total 73
Chinese Female 36
Male 37
Total 73
Indians Female 73
Male 73
Total 146
Total Female 146
Male 146

Total 292




Table 17 Canonical discriminant function coefficients for prediction of ethnicity using pooled-sex data (three ethnic groups)

Canonical Discriminant Function Coefficients

Function
1 Functions at Group Centroids

SMEAN(RL_U1_MD) -1.0655 Function
SMEAN(RL_U3_MD) 1.1428 Ethnicity 1
SMEAN(RL_U4_MD) 1.6581 Mongoloids 0.75
SMEAN(RL_U7_MD) -1.0967 indians -0.75
SMEAN(RL_U7_BL) 0.5062 Unstandardized canonical
SMEAN(RL_L6_MD) 0.9192 discriminant functions evaluated at
SMEAN(RL_L1_BL) -0.6685 group means
SMEAN(RL_L5 BL) -0.7988
(Constant) -6.1227

Unstandardized coefficients

6¢
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Table 18 Hit ratio matrix for prediction of ethnicity using pooled-sex data (Mongoloids

vs Indians)
Predicted Group
Membership Total

Ethnicity Mongoloids Indians
Cases Original Count  Mongoloids 113 33 146
Selected Indians 35 111 146
% Mongoloids 77.4 226 100.0
Indians 24.0 76.0 100.0
Cross- Count  Mongoloids 113 33 146
validated Indians 37 109 146
% Mongoloids 77.4 226 100.0
Indians 253 74.7 100.0
Cases Not  Original Count  Mongoloids 24 10 34
Selected Indians 12 22 34
% Mongoloids 70.6 294 100.0
Indians 35.3 647 100.0

76.7% of selected original grouped cases correctly classified.
67.6% of unselected original grouped cases correctly classified.
76.0% of selected cross-validated grouped cases correctly

classified.



Figure 3 Frequencies of occurrence of dental crown traits in four ethnic groups using dichotomous data
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Table 19 Mean measure of divergence coefficients matrix

Malays Chinese Indians Jahai
Malays - | 0.068497 | 0.144152 | 0.074692
Chinese 0.000 -1 0.319978 | 0.227152
Indians 0.000 0.000 -1 0.186229
Jahai 0.000 0.000 0.000 -

Tests of significance in cells below diagonal

MMD coefficients in cells above diagonal

Figure 4 Dendrogram of four ethnic groups with sexes pooled

Dendrogram using Ward Method

Rescaled Distance Clusler Combine
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Figure 5 Dendrogram of three ethnic groups with sexes pooled

Dendrogram using Ward Method

Rescaled Distance Cluster Combine
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Table 20 Distribution of ethnic group according to sex and age (non-metric analysis)

Ethnic Sex N Mean SD
group (years)

Malays Female 167 15.6 1.2

Male 126 15.1 1.3
Total 293 15.4 1.3
Chinese Female 88 145 1.3
Male 90 147 1.5
Total 178 14.6 14
Indian Female 131 15.8 14
Male 121 15.6 1.3
Total 252 15.7 13

N, sample size; SD, standard deviation

Table 21 Distribution of Mongoloid and Indian samples with complete data (non-metric

analysis)
Sex
Ethnicity Female Male Total
Mongoloids Count 138 117 255
% 541 459 100.0
Indians Count 76 70 146
% 52.1 479 100.0
Total Count 214 187 401

% 53.4 46.6 100.0




Table 22 Classification matrix for prediction of ethnicity using a logistic regression

analysis
Predicted
Observed  Selected Cases Unselected Cases
Mongoloid _ Indian % Mongoloid _ Indian %

Step 1 Mongoloid 237 18 92.9 8 0 100.0

Indian 82 64 438 4 7 63.6
Overall Percentage 75.1 78.9
Step 2 Mongoloid 237 18 92.9 8 0 100.0

Indian 82 64 438 4 7 63.6
Overall Percentage 75.1 789
Step 3 Mongoloid 240 15 941 8 0 100.0

Indian 85 61 418 6 5 455
Overall Percentage 751 68.4
Step 4 Mongoloid 202 53 79.2 8 0 100.0

Indian 43 103 70.5 6 5 455
Overall Percentage 76.1 68.4
Step5  Mongoloid 224 31 87.8 8 0 100.0

Indian 56 90 61.6 5 6 54.5
QOverall Percentage 78.3 13.7

Some of the unselected cases are not classified due to missing values in the independent variables.



Table 23 Sample distribution for combined metric and non-metric data

Ethnicity
Sex Mongoloid Indian  Total
Females Count 88 42 130
% 53.0 457 504
Males Count 78 50 128
% 47.0 54.3 496
Total Count 166 92 258

% 100.0 1000  100.0




Table 24 Hit ratios using all variables as input
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Predicted
Original Tests sample

Observed Mongoloid _Indian % Mongoloid __Indian %

Step 1 Ethnicity =~ Mongoloid 152 14 91.6 47 2 95.9
indian 15 7 837 8 16 66.7

Overall Percentage 88.8 86.3

Step 2 Ethnicity ~ Mongoloid 152 14 91.6 47 2 95.9
indian 15 77 83.7 8 16 66.7

Overall Percentage 88.8 86.3

Step 3 Ethnicity ~ Mongoloid 152 14 91.6 47 2 95.9
Indian 15 77 83.7 8 16 66.7

Overall Percentage 88.8 86.3

Step 4 Ethnicity =~ Mongoloid 153 13 922 47 2 95.9
Indian 16 76 82.6 8 16 66.7

Overall Percentage 88.8 86.3

Step 5 Ethnicity ~ Mongoloid 152 14 91.6 47 2 95.9
indian 15 77 83.7 8 16 66.7

Overall Percentage 88.8 86.3

Step 6 Ethnicity ~ Mongoloid 153 13 922 47 2 95.9
Indian 14 78 84.8 8 16 66.7

Overall Percentage 89.5 86.3

Step 7 Ethnicity ~ Mongoloid 155 1" 934 46 3 938
Indian 15 77 83.7 8 16 66.7

Overall Percentage 89.9 84.9

Step 8 Ethnicity ~ Mongoloid 154 12 92.8 46 3 939
Indian 15 7 83.7 8 16 66.7

Overall Percentage 89.5 84.9

Step 9 Ethnicity Mongoloid 155 11 934 46 3 93.9
Indian 17 75 815 8 16 66.7

Overall Percentage 89.1 84.9

Step 10  Ethnicity =~ Mongoloid 155 1" 93.4 46 3 93.9
Indian 16 76 82.6 8 16 66.7

Overall Percentage 89.5 ' 84.9

Step 11 Ethnicity =~ Mongoloid 155 1 93.4 47 2 95.9
Indian 15 77 83.7 8 16 66.7

Overall Percentage 89.9 86.3
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Table 24 (continued)
Predicted
Original Tests sample
Observed  Ethnicity Mongoloid  Indian %  Mongoloid Indian %
Step12 Ethnicity  Mongoloid 156 10 94.0 48 1 98.0
Indian 14 78 84.8 8 16 667
Overall Percentage 90.7 87.7
Step 13  Ethnicity  Mongoloid 157 9 94.6 48 1 98.0
Indian 13 79 85.9 8 16 66.7
Overall Percentage 915 87.7
Step 14  Ethnicity  Mongoloid 156 10 94.0 47 2 95.9
Indian 13 79 85.9 8 16 66.7
Overall Percentage 911 86.3
Step 15 Ethnicity  Mongoloid 154 12 92.8 47 2 95.9
Indian 16 76 82.6 8 16 66.7
Overall Percentage 89.1 86.3
Step 16 Ethnicity  Mongoloid 154 12 92.8 47 2 858
Indian 14 78 84.8 8 16 66.7
Overall Percentage 89.9 86.3
Step 17  Ethnicity ~ Mongoloid 154 12 92.8 47 2 95.9
Indian 13 79 85.9 8 16 667 .
Overall Percentage 90.3 86.3
Step 18  Ethnicity  Mongoloid 155 11 934 47 2 95.9
Indian 15 77 83.7 8 16  66.7
Overall Percentage 89.9 86.3
Step 19 Ethnicity  Mongoloid 154 12 92.8 47 2 95.9
Indian 14 78 84.8 8 16  66.7
Overall Percentage 89.9 86.3
Step20 Ethnicity  Mongoloid 155 1" 934 47 2 95.9
Indian 13 79 85.9 8 16 66.7
Overall Percentage 90.7 86.3
Step21  Ethnicity  Mongoloid 155 11 93.4 46 3 93.9
Indian 15 77 83.7 9 15 625
Overall Percentage 899 83.6
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Table 9.6 (continued)
Predicted
Original Tests sample

Observed  Ethnicity  Mongoloid Indian % Mongoloid _Indian %
Step 23  Ethnicity  Mongoloid 156 10 94.0 46 3 93.9
Indian 18 74 80.4 8 16 66.7
Overall Percentage 89.1 84.9
Step 24 Ethnicity Mongoloid 154 12 92.8 46 3 93.9
indian 19 73 79.3 8 16 66.7
Overall Percentage 88.0 84.9
Step 25 Ethnicity Mongoloid 153 13 92.2 46 3 93.9
Indian 19 73 79.3 8 16 66.7
Overall Percentage 87.6 84.9
Step 26  Ethnicity  Mongoloid 153 13 92.2 45 4 918
Indian 18 74 80.4 8 16 66.7
Overall Percentage 88.0 83.6

All combinations of linear regression models up to 26 steps give predictions that are

statistically better than chance. Proportion chance criterion benchmark at 54% and 56% for

original and tests sample respectively. All combinations of linear regression mode! also
exceeded Press's Q critical value of 3.84 (1 degree of freedom; p<0.05)



Table 25 Hit ratios using 20 metric and 13 non-metric variables as input
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Predicted
Original Tests sample
Ethnicity Ethnicity

Observed Mongoloid  Indian % Mongoloid  Indian %

Step 1 Ethnicity  Mongoloid 162 14 91.6 46 3 93.9
Indian 14 78 84.8 1 13 54.2

Overall Percentage 89.1 80.8

Step 2 Ethnicity  Mongoloid 152 14 91.6 46 3 939
Indian 14 78 84.8 10 14 58.3

Overall Percentage 89.1 82.2

Step 3 Ethnicity  Mongoloid 152 14 91.6 45 4 91.8
indian 14 78 84.8 10 14 58.3

Overall Percentage 89.1 80.8

Step 4 Ethnicity  Mongoloid 150 16 90.4 45 4 91.8
Indian 14 78 84.8 1 13 54.2

Overall Percentage 88.4 79.5

Step 5 Ethnicity  Mongoloid 153 13 922 45 4 91.8
Indian 14 78 84.8 11 13 54.2

Overall Percentage 89.5 795

Step 6 Ethnicity ~ Mongoloid 151 15 91.0 45 4 91.8
Indian 14 78 84.8 10 14 583

Overall Percentage 88.8 80.8

Step 7 Ethnicity ~ Mongoloid 151 15 -91.0 46 3 939
Indian 14 78 84.8 10 14 58.3

Overall Percentage 88.8 82.2

Step 8 Ethnicity  Mongoloid 152 14 91.6 46 g 439
Indian 11 81 88.0 10 14 58.3

Overall Percentage 90.3 82.2
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Table 9.7 (continued)
Predicted
Original Tests sample
Ethnicity Ethnicity
Observed Mongoloid Indian %  Mongoloid  Indian %
Step 9 Ethnicity ~ Mongoloid 151 15 910 46 3 93.9
Indian 13 79 859 10 14 58.3
Overall Percentage 89.1 82.2
Step 10 Ethniciy Mongoloid 151 15 91.0 46 < 93.9
Indian 12 80 870 9 15 625
Overall Percentage 89.5 83.6
Step 11 Ethnicity  Mongoloid 153 13 92.2 46. 3 939
Indian 14 78 84.8 9 15 625
Overall Percentage 89.5 83.6
Step 12  Ethnicity =~ Mongoloid 154 12 928 46 3 939
indian 15 77 837 9 15 625
Overall Percentage 89.5 836
Step 13 Ethnicity ~ Mongoloid 153 13 92.2 47 2 959
Indian 15 77 83.7 9 15 62.5
Overalf Percentage 89.1 849
Step 14  Ethnicity =~ Mongoloid 152 14 91.6 47 2 95.9
Indian 16 76 826 9 15 625
Overall Percentage 88.4 849
Step 15  Ethnicity  Mongoloid 151 15 91.0 47 2 95.9
Indian 18 74 80.4 11 13 54.2
Overall Percentage 87.2 822

All combinations of linear regression models up to 15 steps

give predictions that are
statistically better than chance. Proportion chance criterion benchmark at 54% and 56% for

original and tests sample respectively. All combinations of linear regression model also

exceeded Press's Q critical value of 3.84 (1 degree of freedom; p<0.05).



Materials and methods

Abbreviations used in this study:

Ccv coefficient of variation

FDI  Federation Dentaire Internationale

11 | central incisor; 12, lateral incisor; C, canine; P1, first premolar; P2, second premolar;
M1, first molar; M2, second molar. |

MD  mesiodistal diaméter; BL, buccolingual diameter

S standard deviation;f, mean; n, sample size

Ui upper central incisor, U12, upper lateral incisor; UC, upper canine; UP1, upper first

premolar, UP2, upper second premolar; UM1, upper first molar; UM2, upper second

molar.

Sample

Dental models were collected from secondary schoolchildren and adults from public
schools in Kelantan and Perak, and the Orang Asli new resettlement village in Perak. Alginate
impressions and dental models were made according to manufacturer's instructions to avoid
bias from impression materials and casting distortion. All oral examinations and impressions
were undertaken in a mobile clinic vehicle, and diestone was poured immediately after rinsing
the impressions under running tap water. All impressions were obtained using rigid steel trays.

Table 1 shows the age and sex distribution of subjects. Overall, young participants
were selected so that interproximal wear would be minimal. There were approximately equal
numbers of males and females in each ethnic group. For odontometric analyses, only 508 of
the 790 sets of dental models were measured due to time constraints (Table 2). The sample
sizes in three groups; Malays, Chinese and Indians were considered sufficient for this study.
The sample for the Jahai included all dental models collected during the field trip that satisfied
the inclusion criteria, but the total number was relatively small. Accordingly, some variables
with very small sample sizes were omitted from analysis. For non-metric interpopulation affinity
and within-group variation studies, samples involved were as in Table 1. Table 15 and 16 show

the sample distributions for ethnicity predictions using metric data. Table 20 and 21 show
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sample used in ethnicity predictions using non-metric data and Table 23 shows sample
distribution for ethnicity predictions using combined metric and nhon-metric variables.

Sample sizes needed to provide adequate statistical power were estimated using PS
software version 1.0.17 (Dupont and Plummer, 1997). The calculations set the power of the
study at 80% to detect statistically significant differences at an alpha level of 5%. The
calculations assumed a standard deviation of 0.5mm and equal sample sizes in the two groups
(for independent t-tests). For paired t-tests, the sample size of the two groups is always equal.

Inclusion criteria

All participants and parents of participants were asked to complete questionnaires
seeking information about the participants' demography, ancestry and health. For underage
(<18 years old) schoolchildren, written consent from parents was obtained before any
procedures. Inclusion criteria were as follows: healthy, no craniofacial anomaties, no mixture of
ancestry for three generations, and measurement landmarks not obscured by any restorations,

caries, calculus, excessive tooth crown wear or casting defects.

Definitions of measurements

Mitutoyo digital calipers with modified beaks were used which enabled crown size
measurements to be made to 0.01mm accuracy. The calipers were connected to a personal
computer that enabled data to be transferred automatically to an Excel program (Microsoft
Officeworks).

Measurements of mesiodistal diameters followed the definition of Moorrees (1957);
that is, the maximum mesiodistal diameter of the dental crown was measured with the calipers
held parallel with the labial/buccal and occlusal surfaces. For anterior teeth, the beaks were
held paraflel to the tooth axial axis. When a tooth was malposed or rotated, the measurement
was taken between the points where it was assumed that normal contact should have occurred
with the neighboring tooth. The buccolingual diameter was measured perpendicular to the
mesiodistal plane and represented greatest distance between buccalllabial and lingual
surfaces.

All right and left teeth, except third molars, were measured. Bilateralism was tested
before deciding to use data from the right tooth only in inter-population comparisons.
Replacement with the value for the left tooth was considered when the right tooth failed to
comply with the inclusion criteria, e.g. was missing or distorted due to caries. This enabled
sample sizes to be maximized.
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Error study

The mesiodistal and buccolingual diameters were measured twice on different
occasions for 60 subjects. The number of paired observations ranged from 29 to 59 for different
teeth. The differences between the first and second recordings were analyzed by calculating
the standard deviation of a single determination using the method of Dahlberg (1940), Se, { Y
(d?) / 2n} . The error variance, S¢2, was calculated by squaring the Dahiberg statistic and
expressing it as a percentage of the total observed variance: error variance (%) =
(Se%/S02)*100. According to Houston (1983), error variance should not exceed three percent of
the total and if it exceeds 10 percent, the method of measurement needs to be reassessed.
The coefficient of reliability can also be calculated as 1-(error variance (Se?)/total observed
variance (Sq2)).

Systematic error was assessed using paired t-tests. Significant results indicate a trend
of intra-observer error in which there may be consistent differences (either larger or smaller) on
the first or the second occasion.

Error assessment for non-metric study utilized 160 pairs of observations and presented
as percent of concordances.

Statistical analyses

Statistical analyses were applied with the use of SPSS (Statistical Packages for Social |

Science) computer program version 12.0.1 (SPSS Inc., 1989-2001) and Excel 2000 program
(Microsoft Corporation 1983-2001).

Normality testing

Two tests, graphical plots (normal quantile plots) and stafistical tests (modified
Kolmogorov Smimov and Shapiro Witks) (Moore and McCabe, 2003), were used to assess
normality of the data used in the asymmetry and inter-population studies. Normal quantile plots
can also be used to assess extreme outlier(s) and they are useful for assessing normality when

sample sizes are small (<30). With small sample sizes, statistical tests are less suitable.
Therefore, both tests were used, as appropriate.
Outliers

Outlier cases were identified using standard scores (z-scores) calculated by
subtracting each value from the corresponding sample mean and then dividing by the standard

deviation. Cases with a z-score larger than four were checked for frank errors that may have
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occurred during measurement acquisition and/or data management. The formula of z-score is
as follows:

2= (X-X)/ SD
X, individual measurement; X, sample mean; SD, standard deviation
Descriptive statistics

Mean values ()—(), standard deviations, (s or SD), sexual dimorphism rankings, and

coefficients of variation (CV) were calculated.

Mean and standard deviation

The mean of n observations was calculated as:
X=1ny X,

The standard deviation, s, is the square root of the variance s2:
s= {(1(n-1) 3 (X = X)2p%

- Sexual dimorphism ranking

The magnitude of sexual dimorphism for each variable was calculated using the
formula provided by Gam ef al. (1964):

100*(_)( males - )_(females)/)_( females.

Coefficients of variation

Coefficients of variation (CV) were used to quantify relative variability and enabled
comparisons between different variables with different mean values.

The formula used to calculate CV was as follows:

CV= (s/X)*100.

Values for CV were compared between males and females using the Mann Whitney U-
test.
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Table 26 Dental crown trait classification used in this study

Breakpoint for
ASU dichotomous

Traits Tooth  Classification grade Score data

Winging 11,21 Bilateral winging 1 1 1-present
Unilateral winging 2 2 23-absent
Counter wing and straight 34 3

Shovel 11,21 Absent 0 0 01-absent
Trace 12 1 23-present
Semi 34 2
Shovel 56 3

Metaconule 16,26 Absent 0 0 (0-absent
Weak cuspule 12 1 123-present
Small cuspule 3 2
Small/moderate cusp 45 3

Carabelli frait* 16,26  Absent a 0 0-absent
Pit & furrow be 1 123-present
Tubercle defg 2
Cusp h 3

Hypocone 17,27 Absent/ridge 01 0 01-absent
Cuspule 2 1 23-present
Reduced cusp 34 2
Large 56 3

Distal accessory 3343  Absent 0 0 0-absent

ridge Weak 12 1 12-present
Strong 345 2

Lingual cusp 35,45 One 1 t-one cusp

number Two 2 234-not one
Three 3 cusp
Four 4 .

Protostylid 36,46  Absent 0 0 0-absent
Weak 123 1 12-present
Strong 4567 2

Metaconulid 36,46 Absent 015 0 0-absent
Small 123 1 12-present
Large 4 2

Entoconulid 3646  Absent 0 0 0-absent
Weak 12 1 12-present
Strong 34 2

Deflecting wrinkle 36,46 Absent 01 0 01-absent
Weak 2 1 2-present
Strong 3 2

Cusp number 3747 Four 4 4-four cusp
Five 5 56-not four cusp
Six 6

Groove pattern® 3747 Y Y 1 1-Y pattern
+ + 2 23-+, X pattern
X X 3

* observation using Dahlberg plaque P10

* observation using Dahlberg plague P12A
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Non-parametric tests

These are distribution-free statistical tests. Two types were used in this study; chi-
square and Fisher's exact test. There are several assumptions underlying the use of chi-square
including independent observations, random sampling and expected cell counts not less than
five. In any analysis with expected cell numbers less than five, Fisher's exact test is indicated
(Howitt and Cramer, 2003; Moore and McCabe, 2003). Fisher's exact test gives the probability
for a one-tail distribution based on the proportion of factorials of total frequencies for each
column and row divided by factorials of each frequency in observed cells and the sum total of
columns and rows. In order to estimate probability for two tails, the probability derived should
be divided by two.

In calculating chi-square:

if the observed cells contain frequencies of a,b,c and d

a b (atb)
c d (c+d)
(atc) (b+d) T= (atbtc+d)

then chi-square= T(ad-bc)¥ {(a+c)(b+d)(a+b)(c+d)}

However, if the expected cells contain values less than five, Fisher's exact Test should be
applied:

Fisher's exact probability (2 tails)= {(a+c)!.(b+d)!.(a+b)!.(c+d)!} {(alblc!d!T!).(2)}

Another type of non-parametric statistics used was the Wilcoxon sign rank test for two related
samples. This was applied in the asymmetry study for several variables in Jahai sample for
whom assumptions relating to the paired t-test were violated.

Penrose shape distance coefficients

The sum of the relative size difference for all dependent variables between two
samples may be calculated according to the formula provided by Penrose (1954). According to
Penrose (1954) tooth shape has been shown to be useful in calculating phenetic distance. In
addition, Corruccini (1973) supported the use of Penrose shape distance coefficients for
taxonomic assessment. To contro! size differences between the sexes, standardized raw
scores for mesiodistal and buccolingual measurements across ethnic groups for each variable
were used in the phenetic distance assessment. Since four variables in the Jahai sample were
omitted from this study, only 24 were used for phenetic assessment between the four

Malaysian groups. Otherwise, for comparisons between the three groups, excluding the Jahai,
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Parametric tests

Student's t-tests were applied to compare the means between two samples. Two types
of ttest were used in this study; depending on whether the samples were related or
independent samples. For the independent t-tests, the variances of the two samples were first
checked for homoscedasticity using a Levene test. SPSS program provided p-values of mean
values comparison, for equal variances and unequal variances. If the test was significant, p-
values were chosen for unequal var