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a , b c~ *M. Yaşar Işcan , Susan R. Loth , Christopher A. King ,
d eDing Shihai , Mineo Yoshino

a727 NW 7th Drive, Boca Raton, Florida, 33486, USA
bDepartment of Anatomy, University of Pretoria, P.O. Box 2034 Pretoria 0001, South Africa

cDepartment of Anthropology, University of Hawaii, Honolulu, HI 96822-2223, USA
dDepartment of Anatomy, Qingdao Medical College, Qingdao 266021, Shandong, Peoples Republic of

China
eFirst Medico–Legal Section, National Research Institute of Police Science, 6, Sanban-Cho, Chiyoda-Ku,

Tokyo 102, Japan

Received 1 November 1997; accepted 17 July 1998

Abstract

Determination of sex from the skeleton is vital to medicolegal investigations. There is no longer
any question that populations differ in size and proportions and these differences affect the metric
assessment of sex. The extent of variation in sexual dimorphism among Asian Mongoloids within
and between regions has not been quantified by discriminant function analysis, nor have standards
for most groups been introduced for the humerus. Therefore, the purpose of this research is to
establish metric standards for sex determination from the humerus of Chinese, Japanese and Thais,
as well as to compare size and sexual dimorphism in these Asian Mongoloid populations. The
database for this study consisted of documented skeletal samples from China (N587), Japan
(N590), and Thailand (N5104). Six standard dimensions, including maximum length, vertical
head diameter, minimum midshaft diameter, maximum midshaft diameter, midshaft circumfer-
ence, and epicondylar breadth were taken and subjected to stepwise and direct discriminant
function analysis. Of dimensions selected by the stepwise function, vertical head diameter and
epicondylar breadth were the only elements common to all there groups. Overall, mean accuracies
were highest using formulae produced by the stepwise procedure and ranged from 86.8% in the
Chinese to 92.4% in the Japanese to 97.1% in the Thais. Group comparisons also revealed that
while the Chinese had the largest measurements, they were the least dimorphic. The reverse was
true for the Thais and the Japanese were intermediate on both counts. In cross validation tests,
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classification accuracy decreased in all cases where a formula from one group was applied to
another. It was therefore concluded even though all individuals were Asian Mongoloids, these
regionally diverse populations exhibited significant metric differences that affect sex determination
from the skeleton. These findings confirm those of previous studies that there is a need for group
specific metric standards of assessment.  1998 Elsevier Science Ireland Ltd. All rights
reserved.

Keywords: Human identification; Humerus; Discriminant function analysis; Sex determination;
China, Japan, Thailand, Asia

1. Introduction

Since osteometric methods for the determination of sex from the skeleton are
population specific, researchers from around the world have conducted studies to
establish group specific standards of assessment [1]. Just as variation has been found
both within and between European and American populations for example, Asians, too,
have been shown to exhibit significant regional differences [2–4]. Numerous cranial and
postcranial sexing studies have emerged from East Asia, including those on Japanese
[5–12] and Chinese skulls [13–23]. Postcranial work in Japan encompasses the scapula,
femur and tibia [5,6,24–27] as well as the sacrum and pelvis [28,29]. Similar studies
were also conducted on Chinese long bones [30–39,39] and pelvis [33,40] and even on
the patella [41]. In comparison, studies resulting in the production of sexing standards
from Southeast Asia are very limited [42–44] and none have been published on the
humerus.

Recent work has revealed size differentials between Thais and Chinese from Hong
Kong. King and associates [45] observed that Thais are smaller than East Asians such as
the Chinese, and the most significant difference between them is femur length. Although
Thais are shorter, shaft and epiphyseal diameters are comparable, suggesting relatively
greater robusticity. Moreover, the selection of different femoral dimensions by the
stepwise discriminant function for each population indicated that sexual dimorphism is
concentrated in different portions of this bone. In Asia, the humerus has rarely been
tapped as a site for sex determination even though it has often demonstrated even greater
diagnostic accuracy than other long bones, including the femur [37,46,47]. Therefore,
the purpose of this research is to establish metric standards for the determination of sex
from the humerus of Chinese, Japanese and Thais, as well as to compare size and sexual
dimorphism in these regionally diverse Asian Mongoloid populations.

2. Materials and methods

The database for this study consisted of documented skeletal samples from China,
Japan, and Thailand. The Chinese skeletal remains were excavated from cemeteries near
the cities of Qingdao (Shandong) and Chang Chun (Liaoning) [39]. The collection
contained 87 relatively complete, well-preserved, adult skeletons of known sex who died
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as recently as the 1930s. The Japanese series is located at Jikei Medical University,
Tokyo, and is composed of about 90 skeletons [12,27]. Although some bones were not
available, preservation was excellent. The sample consisted of adults obtained from the
anatomy department where they were collected between 1960 and 1970, and was
predominantly comprised of individuals who lived through the second World War. The
Thai sample has 104 individuals from Chiang Mai or adjacent villages who died at
Chiang Mai University Hospital between 1993 and 1996 [44].

A total of six humeral dimensions were taken (to the nearest millimeter and from the
left side when possible) using an osteometric board, sliding caliper, and steel tape.
Measurements include maximum length, vertical head diameter, minimum midshaft
diameter, maximum midshaft diameter, midshaft circumference, epicondylar breadth and
were taken according standard procedure [1,48,49]. Specimens with obvious pathologies
were not included in the study.

To assess population differences, measurements from the Chinese, Japanese, and
Thais were compared using a t-test. Data were then analyzed with a mainframe SPSSX
program [50]. Stepwise discriminant function analysis (Method5Wilks with F51.0 to
enter and F51 to remove) was used to select the combination of variables that best
discriminate between the sexes. When male and female sample sizes differed, sectioning
points were calculated by averaging the group centroids. In addition, selected variables,
alone and in combination, were subjected to direct discriminant function analysis to
develop formulae to determine sex from fragmentary remains. When single dimensions
were used, a demarking point was calculated as the average of the group means.
Cross-population tests were then carried out between all of the samples using the
stepwise formula derived from one sample on the others.

3. Results

Table 1 presents descriptive statistics for all three samples. All male dimensions are
significantly greater than those of females (P,0.001). The Student’s t-test in Table 2
indicates that significant differences vary both by population and sex. Overall, the
Chinese have the largest average dimensions, especially in maximum length. By region,
the only significant difference between the East Asians (Chinese and Japanese) was
maximum length which is longer in Chinese males. In contrast, six dimensions were
significantly different between the East Asian Chinese and Southeast Asian Thais, but
only midshaft circumference was significantly varied in both sexes. Similarly, a total of
five significantly different measurements were detected in the other Southeast Asian /
East Asian comparison of Thai and Japanese males and females, but these were mostly
limited to midshaft dimensions and all were larger in the Japanese. The only dimension
that exhibited no significant differences was epicondylar breadth.

The stepwise discriminant function analyses for each population appears in Table 3.
Different combinations of the six measurements were selected by the function in all
three samples. Four variables were selected for the Chinese and Japanese, and three were
included for the Thais (Table 3). The only dimensions common to all groups were
epicondylar breadth and vertical head diameter. Interestingly, these most consistently
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Table 1
Means standard deviations and univariate F-ratios of humeral dimensions in Chinese, Japanese, and Thais

aVariables Males Females F-ratio
(mm)

Mean SD Mean SD

Chinese
N 41 33

Max. length 313.7 16.46 283.6 13.68 70.91
Vertical head diameter 44.9 2.77 39.7 2.54 70.09
Midshaft circumference 64.3 5.09 57.9 6.36 22.80
Min. midshaft diameter 17.0 2.14 15.0 1.78 18.83
Max. midshaft diameter 22.0 2.20 19.6 2.11 23.02
Epicondylar breadth 60.4 8.65 52.3 3.20 26.07

Japanese
N 44 35

Max. length 297.4 10.42 276.9 17.10 43.13
Vertical head diameter 44.1 1.75 39.1 2.57 103.30
Midshaft circumference 65.5 4.78 57.3 5.29 53.33
Min. midshaft diameter 17.6 1.39 15.7 1.69 45.29
Max. midshaft diameter 22.7 1.83 19.9 1.85 54.64
Epicondylar breadth 59.8 2.27 52.1 3.79 122.25

Thai
N 70 34

Max. length 300.6 15.65 278.9 13.67 47.34
Vertical head diameter 44.4 2.11 38.2 2.34 179.90
Midshaft circumference 61.2 3.74 53.1 4.00 102.50
Min. midshaft diameter 16.7 2.18 13.9 1.39 46.96
Max. midshaft diameter 21.3 1.64 19.3 3.50 15.71
Epicondylar breadth 60.3 2.92 52.1 2.28 204.40
aAll significant at P,0.001 with d.f.572 for Chinese; 77 for Japanese; and 102 for Thais.

dimorphic areas showed the least population variation (Table 2). Table 4 displays the
canonical coefficients and constants produced by the analyses of all groups. Function 1
contains values generated by the stepwise procedure. The direct discriminant approach
was then used to determine the diagnostic accuracy of individual and combined variables
(that can be useful in sexing a fragmentary bone), and these appear as Functions 2
through 7. The standardized coefficient quantifies the contribution of a given variable to
overall classification, while the structure coefficient analyzes the correlation between the
variables and the function. To calculate the discriminant score from Function 1 for Thais
(Table 4), simply multiply each dimension by its coefficient and add them together
along with the constant as follows:

0.2215440(epicondylar breadth) 1 0.2160145(vertical head diameter) 2

0.0820202(midshaft circumference) 2 23.21353(constant) 5 Discriminant Score

The score is then compared with the sectioning point (20.58185) to determine which
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Table 2
Student’s t-test and level of significance between the means in Chinese, Japanese, and Thais

Males Females

t P t P

Chinese and Japanese
Max. length 5.49 0.001 1.77 0.081
Vertical head diameter 1.68 0.096 0.90 0.370
Midshaft circumference 21.18 0.243 0.48 0.633
Min. midshaft diameter 21.34 0.185 21.57 0.122
Max. midshaft diameter 21.51 0.135 20.58 0.561
Epicondylar breadth 0.49 0.626 0.19 0.852

Chinese and Thai
Max. length 4.19 0.001 1.40 0.167
Vertical head diameter 1.20 0.233 2.45 0.017
Midshaft circumference 3.62 0.001 3.70 0.001
Min. midshaft diameter 0.85 0.400 2.95 0.004
Max. midshaft diameter 2.02 0.046 0.45 0.653
Epicondylar breadth 0.10 0.922 0.22 0.825

Japanese and Thai
Max. length 21.18 0.242 20.54 0.594
Vertical head diameter 20.74 0.464 1.52 0.133
Midshaft circumference 5.37 0.001 3.63 0.001
Min. midshaft diameter 2.39 0.019 4.85 0.001
Max. midshaft diameter 4.24 0.001 0.89 0.375
Epicondylar breadth 21.06 0.290 20.01 0.989

Table 3
aStepwise discriminant function analysis of the Chinese, Japanese and Thai humerus

Step Variables Wilks Equiv. d.f.
entered lambda F-ratio

Chinese
1 Max. length 0.50383 70.91 1,72
2 Vertical head diameter 0.44867 43.62 2,71
3 Epicondylar breadth 0.43062 30.85 3,70
4 Midshaft circumference 0.41816 24.00 4,69

Japanese
1 Epicondylar breadth 0.38645 122.25 1,77
2 Vertical head diameter 0.34727 71.42 2,76
3 Min. midshaft diameter 0.34074 48.37 3,75
4 Midshaft circumference 0.32081 39.17 4,74

Thai
1 Epicondylar breadth 0.33286 204.43 1,102
2 Vertical head diameter 0.28772 125.02 2,101
3 Min. midshaft diameter 0.28285 84.51 3,100
a All six variables were included in the analysis.
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Table 4
Canonical discriminant function coefficients for the humerus in Chinese, Japanese, and Thai samples

aFunctions and Raw Standard Structure Group

variables coefficient coefficient coefficient centroids

Chinese
Stepwise analysis

1 Max. length 0.0411495 0.63 0.84 M51.0439

Vertical head diameter 0.1970659 0.53 0.84 F521.2969

Epicondylar breadth 0.0499184 0.34 0.51

Midshaft circumference 20.0524754 20.30 0.48

Constant 220.36060

Sectioning point 20.12650

Direct analysis

2 Vertical head diameter 0.3221408 0.86 0.96 M50.9094

Epicondylar breadth 0.0437006 0.30 0.59 F521.1299

Constant 216.20353

Sectioning point 20.11025

3 Vertical head diameter 0.3820897 1.02 0.99 M50.8735

Midshaft circumference 20.0062366 20.04 0.57 F521.0852

Constant 215.89166

Sectioning point 20.10585

4 Epicondylar breadth 0.0950590 0.65 0.86 M50.6208

Midshaft circumference 0.0977436 0.56 0.80 F520.7713

Constant 211.40636

Sectioning point 20.07525

5 Vertical head diameter Male .42.6. Female

6 Midshaft circumference Male .61.5. Female

7 Epicondylar breadth Male .56.8. Female

Japanese
Stepwise analysis

1 Vertical head diameter 0.2396615 0.52 0.80 M51.2812

Min midshaft diameter 20.3620515 20.55 0.43 F521.6106

Epicondylar breadth 0.2100037 0.64 0.87

Midshaft circumference 0.0953087 0.48 0.57

Constant 221.71991

Sectioning point 20.16470

Direct analysis

2 Vertical head diameter 0.2222240 0.48 0.92 M51.2072

Epicondylar breadth 0.2136390 0.65 0.84 F521.5176

Constant 221.35581

Sectioning point 20.15520

3 Vertical head diameter 0.3864432 0.83 0.97 M51.0499

Midshaft circumference 0.0552263 0.28 0.70 F521.3199

Constant 219.60852

Sectioning point 20.13500
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Table 4. Continued

aFunctions and Raw Standard Structure Group

variables coefficient coefficient coefficient centroids

4 Epicondylar breadth 0.2793073 0.85 0.97 M51.1474

Midshaft circumference 0.0561238 0.28 0.64 F521.4425

Constant 219.21984

Sectioning point 20.14755

5 Vertical head diameter Male .41.9. Female

6 Midshaft circumference Male .61.9. Female

7 Epicondylar breadth Male .56.4. Female

Thai
Stepwise analysis

1 Epicondylar breadth 0.2215440 0.60 0.89 M51.0990

Vertical head diameter 0.2160145 0.47 0.83 F522.2627

Min. midshaft diameter 0.0820202 0.16 0.43

Constant 223.21353

Sectioning point 20.58185

Direct analysis

2 Vertical head diameter 0.2343809 0.51 0.90 M51.0860

Epicondylar breadth 0.2310283 0.63 0.84 F522.2358

Constant 223.24487

Sectioning point 20.57490

3 Vertical head diameter 0.3599955 0.79 0.95 M50.9638

Midshaft circumference 0.0912803 0.35 0.72 F521.9842

Constant 220.60002

Sectioning point 20.51020

4 Epicondylar breadth 0.3018484 0.82 0.96 M51.0149

Midshaft circumference 0.0794679 0.30 0.68 F522.0894

Constant 222.05343

Sectioning point 20.53725

5 Vertical head diameter Male .42.4. Female

6 Midshaft circumference Male .58.6. Female

7 Epicondylar breadth Male .57.5. Female

aDiscriminant score is calculated from raw coefficients.
Discriminant score less than the sectioning point classifies as female.
Single variable less than the demarking point classifies as female.

sex the specimen belongs to. A score greater than the sectioning point classifies as male;
a lower score as female. When a single variable is used, a demarking point (the group
mean) is provided (Table 4). Overall, mean accuracies were highest using formulae
produced by the stepwise procedure and ranged from 86.8% in the Chinese to 97.1% in
the Thais (Table 5). This reveals that even though the Chinese are the largest of these
groups, they are the least dimorphic. By sex, Chinese and Thai females are generally
better diagnosed than males, while the reverse is true for the Japanese. Epicondylar
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Table 5
Sexing accuracy using combined and individual variables

Functions and N Males Females Average
variables

a% N % N

Chinese
Stepwise analysis
1 Max. length 76 85.4 35/41 88.6 31/35 86.8

Vertical head diameter
Epicondylar breadth
Midshaft circumference

Direct analysis
2 Vertical head diameter 82 79.1 34/43 82.1 32/39 80.5

Midshaft circumference
3 Vertical head diameter 77 81.0 34/42 82.9 29/35 81.8

Epicondylar breadth
4 Epicondylar breadth 77 69.0 29/42 88.6 31/35 77.9

Midshaft circumference
5 Vertical head diameter 82 79.1 34/43 82.1 32/39 80.5
6 Midshaft circumference 82 69.8 30/43 84.6 33/39 76.8
7 Epicondylar breadth 77 71.4 30/42 85.7 30/35 77.9

Japanese
Stepwise analysis

1 Vertical head diameter 79 95.5 42/44 88.6 31/35 92.4
Min. midshaft diameter
Epicondylar breadth
Midshaft circumference

Direct analysis
2 Vertical head diameter 79 88.6 39/44 85.7 30/35 87.3

Midshaft circumference
3 Vertical head diameter 79 95.5 42/44 88.6 31/35 92.4

Epicondylar breadth
4 Epicondylar breadth 79 93.2 41/44 85.7 30/35 89.9

Midshaft circumference
5 Vertical head diameter 79 90.9 40/44 82.9 29/35 87.3
6 Midshaft circumference 79 77.3 34/44 82.9 29/35 79.8
7 Epicondylar breadth 79 93.2 41/44 85.7 30/35 89.9

Thai
Stepwise analysis

1 Vertical head diameter 104 97.1 68/70 97.1 33/34 97.1
Min midshaft diameter
Epicondylar breadth

Direct analysis
2 Vertical head diameter 104 91.4 64/70 97.1 33/34 93.3

Midshaft circumference
3 Vertical head diameter 104 97.1 68/70 97.1 33/34 97.1

Epicondylar breadth
4 Epicondylar breadth 104 92.9 65/70 97.1 33/34 94.2

Midshaft circumference
5 Vertical head diameter 104 90.0 63/70 91.2 31/34 90.4
6 Midshaft circumference 104 84.3 59/70 94.1 32/34 87.5
7 Epicondylar breadth 104 91.4 64/70 97.1 33/34 93.3
a Ratio of cases correctly classified by a given function.
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Table 6
Cross-validation of sex determination accuracy using stepwise discriminant function formulae

aCross-validation Total Male Female Dimensions
and in function
Comparative group N % N % N

bChinese accuracy 76 85.4 35/41 88.6 31/35 Max length1

Chinese formula on Vertical head diameter1

Japanese data 84 6.4 3/47 94.6 35/37 Midshaft circumference1

Thai data 104 0.0 0/70 100.0 34/34 picondylar breadth
bJapanese accuracy 79 95.5 42/44 88.6 31/35 Vertical head diameter1

Japanese formula on Min midshaft diameter1

Chinese data 87 82.6 38/46 68.3 8/41 Midshaft circumference1

Thai data 104 90.0 63/70 94.1 32/34 Epicondylar breadth
bThai accuracy 104 97.1 68/70 97.1 33/34 Vertical head diameter1

Thai formula on Min midshaft diameter1

Chinese data 87 89.1 41/46 73.1 30/41 Epicondylar breadth
Japanese data 84 95.7 45/47 78.4 29/37
a Cross-validation was carried out by applying a formula of one group to the data of the other two groups.
b These accuracies are from Table 5.

breadth was the most discriminating single dimension in both Japanese and Thais, while
head diameter was best in Chinese.

Cross population tests were conducted to evaluate the applicability of a formula
developed from one group on another. Function 1, the most accurate on each sample,
was used for this analysis. As can be seen in Table 6, the worst results were produced by
applying the Chinese formula to the other samples. Of the 70 Thai males, not a single
one was accurately identified. The Japanese did not fare much better – only three males
were properly detected using Chinese standards. On average, the best discrimination was
obtained by applying Japanese formula to Thais (92%). However, this was still less than
the 97.1% discrimination calculated by the Thai function on Thais.

4. Discussion

The results of this study indicate that the humerus is a good bone from which to
determine sex in Chinese, Japanese and Thais. It was also apparent that the degree and
distribution of sexual dimorphism varied both within and between differing regions. The
size of Chinese bone dimensions generally exceeded those of the Japanese and Thais,
but sexing accuracy was the lowest at about 87%. In contrast, the Thais were generally
smallest, but were most dimorphic achieving 97% sexing accuracy. The Japanese were
intermediate in both size and diagnostic accuracy. Cross-validation tests confirmed that
formulae developed from one population are less discriminating when applied to
another.

For sex determination, stepwise discriminant function analysis calculates the optimal
combination of variables and weights them to reflect their contribution to sex diagnosis.
A formula is thus produced to maximize sexing accuracy. Many factors can affect the



~26 M.Y. I şcan et al. / Forensic Science International 98 (1998) 17 –29

outcome of this procedure. Sample size and the choice of variables can affect the results
[51]. Choice of variables is also essential to allow comparability when assessing
population differences as in the present study.

The most effective single dimensions as determined by direct discriminant analysis
were vertical head diameter in the Chinese (81%) and epicondylar breadth in the
Japanese and Thais (90% and 93%, respectively). Wu’s [37] study of 20th century
northeastern Chinese also reported greatest dimorphism in proximal and distal bone
dimensions. He found humeral head diameter the most discriminatory at 84%. Head
diameter was also the best single discriminator (90%) for prehistoric samples from
California [47]. In one of the most complete studies of the humerus, France [46]
assessed Caucasoid, Negroid, Sudanese Nubians, Pueblo, and Arikara skeletal samples
and reached over 90% accuracy using 11 variables.

Comparisons of the results of the present study with those from other long bones of
skeletons in the same samples are especially valuable because they reveal intraskeletal
differences in sexual dimorphism while controlling for individual variation. In Thais, the
femur yielded an average accuracy of 94% by stepwise discriminant analysis [45]; in the
Chinese, it was 92% [39]. In the tibia, the Japanese attained 87% accuracy [27], while
Thais reached 94% [52]. Thus, the humerus is a better predictor of sex in the Japanese
and Thai samples, while the reverse was true for the Chinese femur. These comparisons
also emphasize that Thais are consistently more dimorphic than their East Asian
counterparts. The existence of significant Asian regional differences in biological
affinities has been brought to light by numerous studies [2–4]. The present work
confirms the fact that the dimensions of the two East Asian groups (Chinese and
Japanese) are much more similar than either is to the Southeast Asian Thais (Table 2). It
also demonstrates that these mensural similarities do not translate into formula
interchangeability because of population variation in the degree and distribution of
sexual dimorphism within the bone (Tables 1 and 6).

In long bone studies on various populations mentioned earlier, breadth and circum-
ferential dimensions were generally found to be better discriminators than length
[25,27,37,39,46,53–56]. This was also the case for the present research. In the stepwise
functions produced here, vertical head diameter and epicondylar breadth were con-
sistently selected for all three groups, while maximum length was only a factor in the
Chinese.

France [46] concluded that proximal and distal measurements are likely to be more
accurate because these areas are subjected to greater functional or occupational stress.
From a somewhat different perspective, Ruff [57] reported that the cross sections of limb
bones may be influenced by behavior more that bone length. It has also been claimed
that stature based sexual dimorphism peaks in societies that are at the extremes of
protein consumption – both high and low [58].

Another possible explanation for this phenomenon was discussed by Black [53], who
proposed that differential bone remodeling exists between males and females. In
addition, more cortical bone is developed during adolescence in males and the ratio
remains essentially unchanged throughout adulthood. Others [59] came to a similar
conclusion in their study of black femora from the Terry collection. They suggested that
shape measurements are of major significance for correct diagnosis of sex because the
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functional demands of weight bearing and musculature affect circumferential measure-
ments more than length. These however, are only a few of the possible factors that could
affect classification accuracy. Many researchers also noted that population affinity is a
factor in sex determination [27,54,55,59,60]. For example, the length of the femur and
tibia were better indicators of sex in blacks, while circumferential dimensions yielded
greater accuracy for whites and Mongoloids.

In conclusion, most skeletal biologists agree that interpopulation differences necessita-
te the development of regionally specific standards for the identification of sex. Besides
sometimes significant variation in diagnostic accuracy, population differences are
apparent in the selection of variables by the function. Even when the same dimensions
are chosen, the discriminant procedure quantifies the fact that the contribution of each
dimension to sexing accuracy varies from one group to the next. Yet a key question
remains, namely what factors lead to the differential development of sexual dimorphism
in a given segment of a long bone. For example, it is not easy to explain why the
humeral head differentiates sex better in one sample as opposed to epicondylar breadth
in another. This study of modern Asian skeletons underscores the need for population-
specific techniques, not only for medicolegal investigations, but also for the study of
population affinities and factors affecting bone configurations.
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