
ABSTRACT 

HARRIS, SHEENA MARIE. Sexual Dimorphism in the Tarsals: Implications for Sex 
Determination. (Under the direction of Daniel Troy Case.) 
 
 
 The accurate determination of sex is the first analytic task of physical anthropologists 

in the study of human skeletal remains. Correct sex determinations are essential because most 

other skeletal analyses rely on this to be accurately determined. Although morphological 

features of the skull and pelvis have been traditionally used for sex determination, certain 

metric analyses have also been useful. In the absence of the most commonly used bones, 

metric measurements obtained from the tarsals have the ability to provide accurate 

information regarding sex. Metric sex assessments are based on the levels of sexual 

dimorphism between males and females. This thesis evaluates the presence of sexual 

dimorphism in the tarsals and their dimensions of length, width, and height and assesses 

which bones and dimensions are most useful for sex determination using a modern skeletal 

sample (n = 160) comprised of individuals of known sex and age. Summary statistics were 

calculated for males and females separately to assess the sexual variation for each measure. 

Pearson’s Correlation Coefficient was used to establish correlations between sex and each 

measurement. Logistic regression analysis was used to determine the levels of sexual 

dimorphism in the bones and dimensions for the sample. Accuracy of sex estimations was 

compared between the left and right sides for each bone to determine if one side was more 

sexually dimorphic than the other. Logistic regression coefficients from the most accurate 

bones and dimensions were generated from the sample, which can be used to develop 

equations to accurately sex other samples of similar Euro-American ancestry. The most 

sexually dimorphic tarsals were the talus and first cuneiform. Tarsals from the right side were 



slightly more sexually dimorphic than those from the left. Length and height dimensions 

were more variable than breadth dimensions. Correct classifications for individual variables 

were as high as 87.8 %, with the highest overall percentage of correct classification of 93.5% 

obtained from a combination of all height measurements from the right tarsals for the total 

sample. This has implications for sexing skeletal remains from archaeological samples when 

other more commonly used bones are absent or poorly preserved.  
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CHAPTER 1-INTRODUCTION 

 
The first step for physical anthropologists in analyzing a set of human skeletal 

remains is to accurately establish the sex of the individual. Accurate sex determination is 

extremely important because most other skeletal analyses rely on the correct assessment of 

sex. Accurate sex determinations are not only critical to forensic anthropologists in 

successfully establishing the identity of unknown individuals, but also to bioarchaeologists in 

generating demographic information or conducting social analyses of past populations. 

Therefore, physical anthropologists must have reliable, accurate sexing methods to 

adequately determine the sex of unknown individuals. 

Although physical anthropologists mainly use morphological features of the skull and 

pelvis as sex indicators, metric measurements obtained from various bones can also assist in 

accurately determining the sex of an individual (Case and Ross, 2007; Hoover, 1997; Steele, 

1970), particularly in cases of poor preservation or limited recovery. The degree to which 

certain bones are useful in sex determination depends upon 1) the degree of size dimorphism 

exhibited by particular bones, 2) how well those elements tend to preserve, and 3) the type of 

burial in which the remains are found. Metric measurements on a number of bones have been 

used in sex determination because of significant sexual dimorphism between males and 

females (Bidmos and Asala, 2003; Bidmos and Asala, 2004; Bidmos and Dayal, 2003; 

Introna et al., 1997). Although physical anthropologists may use metric methods with the 
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pelvis and skull, long bones have been shown to produce fairly accurate results in 

determining sex (Ubelaker, 1989), but these may not always be well preserved. 

When metric assessment of sex is complicated by the absence or destruction of the most 

useful bones of the skeleton, measurements obtained from the relatively robust tarsals may 

provide an accurate determination of sex.  

The physical anthropology literature indicates that until recently, few studies have 

examined sexual dimorphism and the usefulness of the tarsals as indicators of sex in either 

prehistoric populations or forensic study collections. Most research on the metric assessment 

of individuals using the tarsals has focused primarily on the calcaneus and talus, and several 

have demonstrated the usefulness of these bones for sex determination among different 

populations (Barrett et al., 2001; Bidmos and Asala, 2003; Bidmos and Asala, 2004; Bidmos 

and Dayal, 2003; Bidmos and Dayal, 2004; Gualdi-Russo, 2007; Introna et al., 1997; 

Murphy, 2002a; Murphy, 2002b; Riepert et al., 1996; Steele, 1976; Wilbur, 1998). Although 

measurements obtained from the calcaneus and talus have been shown to be accurate 

indicators of sex (Steele, 1976), only one study has utilized other tarsal bones, in this case the 

navicular and the intermediate cuneiform, to determine if sufficient levels of sexual 

dimorphism exist in these bones for them to be useful in assessing the sex of an unknown 

individual (Hoover, 1997). No studies have assessed sexual dimorphism in all the tarsals 

simultaneously. Steele (1976) has shown a sexing accuracy of 79% to 89% for certain 

dimensions of the calcaneus and talus. Ferrari et al. (2004) established that measurements  
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performed on certain navicular and medial cuneiform facets can be useful as indicators of 

sexual dimorphism. Hoover’s (1997) research demonstrated 94% sexing accuracy using talus 

length and body height. Estimations of sex have also been obtained from metatarsal and foot 

phalanx measurements (Case and Ross, 2007; Smith, 1997; Robling and Ubelaker, 1997; 

Wilbur, 1998). A large majority of these studies have been performed using discriminant 

function analyses to demonstrate the variation present between the sexes in the calcaneus and 

talus, and the utility of foot bones for sexing (Barrett et al., 2001; Bidmos and Asala, 2003; 

Bidmos and Asala, 2004; Bidmos and Dayal, 2003; Bidmos and Dayal, 2004; Gualdi-Russo, 

2007; Introna, 1997; Murphy, 2002a; Murphy, 2002b).  

No studies to date have used the cuboid, first cuneiform, or third cuneiform to 

determine if they are sexually dimorphic or to develop equations that can be used to 

determine the sex of individuals. Given that previous research has demonstrated the 

usefulness of the calcaneus and talus in sex determination (Steele, 1970; Hoover, 1997), yet 

only one study has utilized any of the other tarsals, an assessment of the sexual dimorphism 

of the tarsals and the development of accurate measurements for ascertaining sex using the 

these bones is important for obtaining correct sex determinations, potentially for both 

forensic anthropologists and bioarchaeologists. Physical anthropologists studying prehistoric 

populations may need additional methods for adequately sexing unknown individuals in 

cases where metric techniques prove difficult or impossible because bones are absent or 

fragmented. Metric sexing can be useful in a bioarchaeological context if individuals with  
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obviously male or female pelves are treated as “knowns,” and a sexing function is developed 

from measurements of these individual tarsals. Developing accurate measurements obtained 

from the tarsals to determine the sex of individuals, then, may be helpful to bioarchaeological 

analysis of prehistoric populations.  

The purpose of this research is to evaluate the presence of sexual dimorphism in the 

tarsals and to assess which bones and dimensions are most useful for sex determination. This 

study is the most recent contribution to research on the assessment of sex determination using 

the tarsals. An earlier study I performed on a small sample of skeletons of known sex using 

previously defined measurements from the seven tarsals has demonstrated the repeatability of 

some tarsal measurements. Of the 22 length, breadth, and height measurements taken from 

the seven tarsals using a mini-osteometric board, 18 were found to be highly repeatable. 

These results indicated that the measurements were likely to be useful to physical 

anthropologists in determining the sex of unknown individuals. Based on these results, a 

larger sample from the William M. Bass Donated Collection at the University of Tennessee-

Knoxville was used to perform this research in order to assess which tarsals are most 

sexually dimorphic and which measurements might be most useful for ascertaining sex.  
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CHAPTER 2-PREVIOUS RESEARCH 
 
 
 Although previous research has been conducted on estimating sex using the tarsals, 

until quite recently few studies have assessed the degree of sexual dimorphism existing 

between males and females among these bones. The majority of these studies have instead 

focused on creating and assessing useful measurements of the foot bones and developing 

discriminant functions that can be used to assess the sex of unknown individuals belonging to 

specific populations (Barrett et al., 2001; Bidmos and Asala, 2003; Bidmos and Asala, 2004; 

Bidmos and Dayal, 2003; Bidmos and Dayal, 2004; Gualdi-Russo, 2007; Introna et al., 1997; 

Murphy, 2002; Murphy, 2002; Riepert et al., 1996; Steele, 1970; Steele, 1976; Wilbur, 

1998). The results of these previous studies have shed some light on sexual dimorphism in 

the feet.  

D.G. Steele 

 Steele (1976) was the first to explore the potential of tarsals as sex indicators. Until 

quite recently, his was the only method of sex determination using measurements of the 

tarsals. Steele (1970; 1976) examined the calcaneus and talus among individuals from the 

Terry Collection and prehistoric Arikara and Pueblo Native American populations. He 

assessed the degree of sexual dimorphism in the calcaneus and talus among 120 White and 

Black males and females from the Terry Collection, 40 Arikara Indians, and 49 Pueblo 

Native Americans, and created discriminant functions for sexing unknown individuals.  
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The calcaneus and talus were chosen because they are the largest and strongest tarsals 

(Steele, 1970). The measurements obtained from the calcaneus were: maximum length, 

width, body height, and load arm length, and load arm width. The measurements taken from 

the talus were: maximum length, maximum width, body height, maximum length of the 

trochlea for the tibia, and the width of the trochlea for the tibia. Each measurement, obtained 

from only the left calcaneus and talus, was taken in millimeters. Steele calculated the mean, 

standard deviation, standard error of the mean, correlation matrices, variance and co-

variance, and performed step-wise discriminant function analyses for each measurement. All 

of the measurements obtained were larger in males than in females, suggesting that sexual 

dimorphism of the calcaneus and talus exists. Sectioning points were created to separate 

probable males from probable females, with no intermediate sex being assigned to any 

individual in the populations (Steele 1970; 1976). Steele first generated discriminant 

functions for each individual measurement. Maximum length of the talus alone was 

determined to be a significant indicator of sex. Adding body height of the calcaneus to the 

maximum length of the talus produced a better discriminant function. Four of the 

discriminant functions produced by Steele allowed for a sexing accuracy of between 79-89%. 

Although Steele’s research demonstrated that sexual dimorphism is present in the calcaneus 

and talus between males and females, the study’s primary purpose was to develop 

discriminant functions for sexing unknown individuals of similar composition to the late 19th 

and early 20th century Americans from the Terry Collection. 
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K. Hoover 

 A more recent study using measurements from the calcaneus, talus, navicular and 

intermediate cuneiform of the prehistoric Windhover population attempted to evaluate 

whether or not a statistical analysis of various measurements obtained from these bones 

indicates sexual dimorphism (Hoover, 1997). Measurements were obtained in millimeters 

from 49 individuals aged 18-66. Measurements obtained from the calcaneus were: maximum 

length, minimum width, load arm length, and load arm width. Measurements taken from the 

talus were: length, width, body height, length of the trochlea, and width of the trochlea. The 

measurements from the calcaneus and talus were based on those created by Steele (1976). 

The measurements obtained from the navicular and intermediate cuneiform were created by 

Hoover (1997). Measurements obtained from the navicular were: maximum length, 

maximum width, and maximum body height, and those obtained from the intermediate 

cuneiform were length, width, and body height. Hoover (1997) performed discriminant 

analysis to determine which variables were most useful for sex estimation. The most useful 

tarsal for sexing individuals in the Windhover population was the talus (Hoover, 1997). 

Overall, some individual variables produced a 94% sexing accuracy (Hoover, 1997), though 

it must be kept in mind that the sexes of these individuals were determined through standard 

osteological techniques and some could have been in error. The results of this study suggest 

that the calcaneus, talus, navicular, and intermediate cuneiform are sufficiently dimorphic 

between males and females to be useful in distinguishing sex.  
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Other Research 

 Several other studies of the calcaneus and talus as useful bones for ascertaining the 

sex of individuals have been performed in the past decade. Most of these studies have 

focused on the development of discriminant functions for sexing unknown individuals of 

specific modern and prehistoric human populations, and almost all of them have used sliding 

calipers instead of an osteometric board for obtaining their measurements. Murphy (2002a; 

2002b; 2005) utilized Steele’s measurements of the calcaneus and talus to test their accuracy 

in distinguishing between males and females in a prehistoric Polynesian skeletal population 

from New Zealand. Murphy found that maximum length of the calcaneus and talus was the 

greatest separator between males and females of the population. Sex determination accuracy 

with the calcaneus was between 85.1% and 93.3% and between 88.4% and 93.5% with the 

talus overall (Murphy 2002a; 2002b). Wilbur (1998) found similar results using Steele’s 

measurements of the calcaneus and talus on three Native American skeletal samples. 

Although the overall accuracy of the calcaneal and talar measurements in sexing the Native 

American populations in Wilbur’s (1998) study was only 72% compared to between 79% 

and 89% for Steele’s (1976) earlier study, each of the individual calcaneus measurements 

was able to accurately sex 83% to 86%+ of the sample (Wilbur, 1998). Each of the talar 

measurements was able to sex individuals with an accuracy of between 82% and 87% 

(Wilbur, 1998). Barrett et al. (2001) determined that length, width, and height measurements 

of the talus were 93.3% accurate in sex determination for a Late Archaic Native American 
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population and 86.6% accurate in estimating the sex of individuals from a Late Prehistoric 

Native American population using a standard osteometric board. 

Bidmos and Asala (2003; 2004) and Bidmos and Dayal (2003; 2004) utilized 

measurements of the calcaneus and talus defined by Steele (1976) and Martin and Knussman 

(1988) to derive and test discriminant functions on South African White and Black 

populations, confirming that maximum length measures of the talus and calcaneus were most 

sexually dimorphic between males and females in both South African Whites and Blacks and 

the most accurate at determining sex. Their average accuracies for sexing were similar to 

those of Steele. Introna et al. (1997) found that in a modern southern Italian population, 

maximum length of the calcaneus was the most accurate at sexing individuals, although 

height of the calcaneus showed the greatest difference between the sexes. Maximum length 

of the talus was determined to be a significant indicator of sex alone for the population 

(Introna et al., 1997). E. Gualdi-Russo (2007) found that the length and breadth of the 

calcaneus and talus were better indicators of sex than heights of the two bones for a northern 

Italian population, although the talus attained greater sexing accuracy overall than the 

calcaneus. The measurements used appear to be very similar to those developed by Steele. 

Riepert et al.’s (1996) length measurement of the calcanei of 800 Central Europeans using 

radiographs of their feet was the most sexually dimorphic measurement of the sample, with a 

77.6% sexing accuracy for males and an 81.8% sexing accuracy for females. The length 

measurement used by Riepert et al. (1996) also appears to be similar to Steele’s length  
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measure. Descriptions of the measurements performed on the tarsals in previous studies are 

shown in Table 1 below. Measurements that were not frequently used by these researchers 

are noted in Table 2. 

 
Table 1: Measurements performed on the tarsals by previous researchers.* 

Measurements Calcaneus Talus Cuboid Navicular CF1 CF2 CF3 
Maximum 
Length 

1, 2, 4, 5, 
6, 7, 8, 11, 
12, 16 

1, 2, 3, 
5, 7, 9, 
13, 14, 
15, 16 

16 2  2  

Width or 
Breadth 

1, 2, 6, 8 1, 2, 3, 
5, 7, 9, 
13, 14, 
15, 16 

16 2, 15, 16  2  

Body Height 1, 2, 4, 5, 
6, 7, 8, 11, 
12 

1, 2, 3, 
5, 7, 9, 
13, 14 

 2, 16  2  

Load arm 
Length 

1, 2, 8, 11       

Load arm 
width 

1, 2, 6, 7, 
8 

      

Maximum 
Length of 
Trochlea 

 1, 2, 7, 
9, 13, 
14 

     

Maximum 
Width of 
Trochlea 

 1, 2, 9, 
13, 14 

     

 
*Note: Researchers are denoted by the following numbers: (1) Steele 1976; (2) Hoover 1997; (3) Barrett et al. 
2001; (4) Riepert et al. 1996; (5) Gualdi-Russo 2007; (6) Introna et al. 1997; (7) Wilbur 1998; (8) Murphy 
2002a; (9) Murphy 2002b; (10) Murphy 2005; (11) Bidmos and Asala 2003; (12) Bidmos and Asala 2004; (13) 
Bidmos and Dayal 2003; (14) Bidmos and Dayal 2004; (15) Ferrari et al. 2004; (16) Kidd and Oxnard 2002 
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Table 2: Additional tarsal measurements performed by previous researchers. 
 

Researcher Measurements 
Riepert et al. (1996)  Calcaneal minimum height, calcaneal tubar 

angle, calcaneal tubar plantar angle, and 
calcaneal front angle.  

Gualdi-Russo (2007) Calcaneal medial breadth. 
Introna et al. (1997) Calcaneal height, calcaneal breadth of the 

articular facet of the posterior talus, calcaneal 
breadth of the articular facet of the cuboid, 
and calcaneal height of the articular facet of 
the cuboid. 

Murphy (2005) 
 

Calcaneal and talar maximum length of the 
trochlea’s articular surface, calcaneal and 
talar maximum width of the trochlea’s 
articular surface, calcaneal and talar load arm 
length articular surface, and calcaneal and 
talar load arm width articular surface. 

Bidmos and Asala (2003) 
 

Calcaneal dorsal articular facet length, 
calcaneal maximum height, calcaneal 
cuboidal facet height, calcaneal middle 
breadth, calcaneal dorsal articular facet 
breadth, calcaneal minimum breadth. 

Bidmos and Asala (2004) 
 

Calcaneal dorsal articular facet length, 
calcaneal maximum height, calcaneal 
cuboidal facet height, calcaneal middle 
breadth, calcaneal dorsal articular facet 
breadth, calcaneal maximum breadth. 

Bidmos and Dayal (2003) 
 

Talar head-neck length, talar height of head, 
talar length of posterior articular surface for 
calcaneus, and talar breadth of posterior 
articular surface for calcaneus. 

Bidmos and Dayal (2004) 
 

Talar head-neck length, talar height of head, 
talar length of posterior articular surface for 
calcaneus, and talar breadth of posterior 
articular surface for calcaneus. 
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 A comparison of the best accuracy results for each bone and combinations of 

measures for several previous studies is shown in Table 3. The sexing accuracy results for the 

best functions from the calcaneus, talus, and combination of calcaneus and talus 

measurements are included. The talus consistently sexed individuals with greater precision 

than the calcaneus. Combining talus functions with those from the calcaneus produced little 

or no improvement in correctly classifying individuals. Calcaneus length and talus length 

produced similar percentages of correct classification.  
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Table 3: A comparison of best accuracies obtained from previous research. 

Measurements Steele 
(1970, 
1976) 

Hoover 
(1997) 

Barrett  
et al. 

(2001) 

Wilbur 
(1998) 

Bidmos 
and 

Asala 
(2003, 
2004) 

Bidmos  
and 

Dayal 
(2003, 
2004) 

Riepert  
et al. 

(1996) 

Murphy 
(2002, 
2002) 

Introna  
et al. 

(1997) 

Gualdi-
Russo  
et al. 

(2007) 

Calcaneus best 
function 

79% 91%  85.7-
92.9% 

92.1% 
(Whites) 
86.2% 

(Blacks) 

  93.5% 85% 90.7% 

Talus best  
function 

88% 92% 76.3-
93.3% 

88.7-
97.1% 

 87.5% 
(Whites) 
89.2% 

(Blacks) 

 93.3%  95.7% 

Calcaneus and 
talus best function 

89% 89%  77.8-
96.6% 

     93.9% 

Length    66.7-
96.7% 

84.9 % 
(Whites) 
75.8% 

(Blacks) 

 79.6% 93.5% 83.75%  Calcaneus 

Height    77.8%-
88.9% 

73.5% 
(Whites) 
69.0% 

(Blacks) 

   76.25%  
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Table 3 continued. 

Length  90%  66.7-
100% 

 81.7% 
(Whites) 
80.8% 

(Blacks) 

 85.1%   

Width    81.8-
94.1% 

 76.7% 
(Whites) 

    

Talus 

Height      73.3% 
(Whites) 
80.8% 

(Blacks) 
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The previous studies conducted by Steele (1970; 1976), Hoover (1997), and other 

researchers (Barrett et al., 2001; Bidmos and Asala, 2003; Bidmos and Asala, 2004; Bidmos 

and Dayal, 2003; Bidmos and Dayal, 2004; Introna et al., 1997; Murphy 2002a; Murphy, 

2002b; Riepert et al., 1996; Wilbur et al, 1998) demonstrate that length dimensions tend to be 

the most dimorphic between males and females, although all of the studies showed that 

measurements in width and height in both bones were greater in males than in females in 

both modern and prehistoric populations. Other studies have similarly shown that length 

measurements in other parts of the limbs are better than breadth dimensions for sex 

determination, including in the metatarsals, metacarpals, and phalanges (Case and Ross, 

2007) and the femur (Black, 1978). A comparison between average male and female 

calcaneus and talus lengths for several studies is shown in Table 4. 

 
Table 4: Average length measurements of the left calcanei and left tali from previous studies 
of sex determination using these bones.* 
 

Researcher Average 
Calcaneus 
Length for 

Males 

Average 
Calcaneus 
Length for 

Females 

Average 
Talus Length 

for Males 

Average 
Talus Length 
for Females 

Steele (1976) 81.1 mm  
(White)  
82.7 mm  
(Black) 

75.5 mm  
(White)  
75.8 mm  
(Black)  

55.3 mm  
(White) 
55.2 mm  
(Black) 

49.7 mm  
(White)  
49.2 mm  
(Black)  

Hoover (1997) 79.82 mm 
(Native 

American) 

72.19 mm 
(Native 

American) 
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Table 4 continued.* 
  
Riepert et al. 
(1996) 

89.8 mm 
(Central 

European) 

82 mm  
(Central 

European) 

  

Barrett et al. 
(2001) 

  56.9 mm 
(Late-Archaic 

Native 
American) 

58.5 mm (Late 
Prehistoric 

Native 
American) 
56.9 mm 

(Proto-Historic 
Native 

American) 

50.7 mm 
(Late-Archaic 

Native 
American) 
52.8 mm 

(Late 
Prehistoric 

Native 
American) 
51.3 mm 

(Proto-Historic 
Native 

American) 
Bidmos and 
Asala (2003) 

84.78 mm 
(South African 

White) 

75.87 mm 
(South African 

White) 

  

Bidmos and 
Asala (2004) 

79.82 mm 
(South African 

Black) 

73.68 mm 
(South African 

Black) 

  

Bidmos and 
Dayal (2003) 

  55.61 mm 
(South African 

White) 

51.11 mm 
(South African 

White) 
Bidmos and 
Dayal (2004) 

  51.68 mm 
(South African 

Black) 

47.07 mm 
(South African 

Black) 
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Table 4 continued.* 
 
Introna et al. 
(1997) 

79.1 mm 
(Southern 

Italian) 

72.5 mm 
(Southern 

Italian) 

  

Wilbur et al. 
(1998) 

78.6 mm 
(Prehistoric 

Native 
American) 

70.7 mm 
(Prehistoric 

Native 
American) 

52.1 mm 
(Prehistoric 

Native 
American) 

46.7 mm 
(Prehistoric 

Native 
American) 

AMC Murphy 
(2002) 

80.33 mm 
(Prehistoric 
Polynesian) 

71.34 mm 
(Prehistoric 
Polynesian) 

  

AMC Murphy 
(2002) 

  53.23 mm 
(Prehistoric 
Polynesian) 

47.99 mm 
(Prehistoric 
Polynesian) 

 
*Note: Measurements presented are for various ancestral groups.  
 

Ferrari et al. (2004) conducted research on foot bone dimensions as part of a study of 

hallux abducto valgus deformity in women. This research involved size and shape 

differences in linear, functional, and angular dimensions in the talus, navicular, medial 

cuneiform, and first metatarsal as possibly contributing to the higher incidence of hallux 

abducto valgus deformity in women. The study demonstrated that length and width 

measurements of these bones were greater in males than females. Their measurements were 

better at discriminating between males and females in the sample, with sexing accuracies 

similar to those of Steele (1970; 1976). In all of the previous studies on sexing using the talus 

and calcaneus, the mean values of all male measurements of these bones were greater than 

those of the females, although length measurements appeared to more accurately place 

individuals into either the male or female categories. 
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These previous studies indicate that sexual dimorphism is present in the tarsals, 

confirm Steele (1976) and Hoover’s (1997) observations that length measurements 

(particularly those of the talus) are the most useful for distinguishing between males and 

females in different human populations, and provide support for the following research on 

sexual dimorphism in a modern skeletal population. 
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CHAPTER 3 – SAMPLE AND METHODOLOGY 
 

 
The William M. Bass Donated Skeletal Collection at the University of Tennessee-

Knoxville consists of over 400 sets of modern human skeletal remains of mostly individuals 

of European and African American ancestry, ranging in age from fetal to 101 years. The 

sample used in this study consisted of 82 White males and 78 White females of known age 

ranging from 30 to 76 years of age. Age, sex, identifying case numbers, cause of death, and 

any significant abnormalities in the form of damage to the tarsals that would hinder precise 

measurement were recorded for each skeleton.  

The 18 measurements were obtained and recorded in millimeters on the left and right 

tarsals of each skeleton using a mini-osteometric board designed by DT Case and Jim 

Kondrat available from Paleo-Tech Concepts. Maximum length, maximum width or breadth, 

and height measurements were obtained. Some of the measurements were based on D.G. 

Steele’s (1976) earlier work with the calaneus and talus. Some measurements were not taken 

due to abnormalities or fragmentation. Re-measurements were performed on every fifth 

skeleton in order to verify accurate repeatability of the measures. Photographs of each 

measure on the mini-osteometric board are provided in Appendix 9. Descriptions of the 

measurements obtained from the left and right sides of each element are shown in Table 5. 
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Table 5: The list and descriptions of measurements used in the current study. 

Measurement Description 

Maximum Length of the Calcaneus 
(Steele, 1976) 

The projected line from the most posterior 
point of the tuberosity to the most 
anterior/superior point of the cuboidal 
facet. 

Maximum Length of the Talus 
(modified from Steele, 1976) 

The maximum length between the most 
posterior point of the trigonal process, to 
the most anterior point on the navicular 
facet. 

Width of the Talus 
(modified from Steele, 1976) 

 

With the inferior face of the talus lying on 
the base of the board and the medial edge 
resting against the stationary upright, the 
measurement was taken to the most lateral 
point on the lateral side of the bone. 

Height of the Talus 
 

With the talus resting on its lateral side on 
the board and contacting the stationary 
upright at a medial and lateral point on the 
posterior, inferior facet, and an anterior 
point beneath the head, the measurement 
was taken to the most superior point on the 
trochlea. 

Length of the Navicular 
 

With the proximal face of the bone lying 
against the stationary upright and the 
medial tuberosity contacting the board as 
much as possible, the proximal face was in 
contact with the stationary upright at two 
or more points along the superior margin 
of the proximal facet. The bone was held 
as the movable upright was brought into 
position. 
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Table 5 continued. 

Breadth of the Navicular 
 

With the proximal face of the bone lying on 
the base of the board, the lateralmost edge 
was placed against the stationary upright. 
The measurement that was taken is the 
maximum breadth from the most lateral edge 
to the medial tuberosity. 

Length of the Cuboid 
 

With the bone lying on its medial side and 
the third cuneiform facet facing down, the 
distal end of the bone was against the 
stationary upright. The measure that was 
taken is the maximum length between the 
plantar edge of the distal facet and the 
proximal beak. 

Breadth of the Cuboid 
 

With the bone lying on its superior surface 
and the medial side resting against the 
stationary upright, the third cuneiform facet 
should be facing down. The bone was held in 
place. The measure that was taken is the 
maximum breadth between the medial and 
lateral edges of the bone. 

Height of the Cuboid 
 

With the bone lying on its medial side and 
the third cuneiform facet facing down, the 
superior surface was against the stationary 
upright such that, at minimum, the superior 
portion of the distal articular margin touches 
the upright. The bone was held in place. The 
measure that was taken is between the 
superior surface and the inferior surface of 
the bone. 

Length of Cuneiform 1 
 

With the lateral side of the bone lying on the 
base of the board, the distal face was resting 
against the stationary upright along most of 
its length. The measurement was taken to the 
proximal edge. 
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Table 5 continued. 

Breadth of Cuneiform 1 
 

With the distal end of the bone lying on the 
base of the board, the lateral side was resting 
against the stationary upright along most of 
its length. The bone was held against the 
upright. The measurement was taken to the 
most medial side of the bone. 

Height of Cuneiform 1 
 

With the lateral side of the bone lying against 
the base of the board, the plantar portion of 
the bone was resting on two points toward 
the proximal end and distal edges of the 
bone. The measurement was taken to the 
superior end. 

Length of Cuneiform 2 
 

With the lateral side of the bone lying on the 
base of the board, the proximal end was 
resting against the stationary upright. Two 
superior and one plantar point came into 
contact with the stationary upright. The bone 
was flat against the stationary upright and the 
base of the board. The measurement was 
taken to the distalmost point.  

Breadth of Cuneiform 2 
 

With the proximal end lying on the base of 
the board, the lateral edge was lying against 
the stationary upright. The measurement was 
taken to the most medial point on the bone. 

Height of Cuneiform 2 
 

With the proximal end lying against the base 
of the board, the superior surface was resting 
against the stationary upright. The 
measurement was taken to the most plantar 
point of the bone. 

Length of Cuneiform 3 
 

With the medial side lying on the base of the 
board, the distal end was resting against the 
stationary upright, with the plantar edge also 
resting near or at the base of the board. The 
measurement was taken to the proximalmost 
point. 
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Table 5 continued. 
 

Breadth of Cuneiform 3 
 

With the distal end lying on the base of the 
board, the superior third of the medial side 
was resting flat against the stationary upright. 
The measurement was taken to the 
lateralmost point of the bone. 

Height of Cuneiform 3 With the medial side lying on the base of the 
board, and the superomedial edge resting 
against the stationary upright, the 
measurement was taken to the plantarmost 
point of the bone. 

 
 
 Summary statistics including the mean and standard deviation were computed for the 

male and female samples independently using SPSS (version 16.0) to assess the degree of 

variation for each measure by sex.  

 Pearson’s Product Moment Correlation Analysis was performed with SPSS (version 

16.0) to establish the correlation between sex and each of the measurements. Correlation 

analyses (Appendix 6) were generated between sex and each individual measurement and 

between each measurement of the same dimension type (such as length, breadth, or height). 

Coefficients of determination (Appendix 6, Tables 15 and 16) were computed for 

correlations between sex and each individual measure to determine how much of the 

variation in each measure is explained by sex. 

Logistic regression analysis was performed on the tarsal measurements using SPSS 

(version 16.0) to determine levels of sexual dimorphism for the sample. The most common 

methods for examining sexual dimorphism are multivariate statistics, including MANOVA,  
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MANCOVA, and discriminant analysis for classification (Saunders and Katzenberg, 2008). 

Logistic regression analysis, which may be used when independent variables do not have a 

normal distribution or equal covariance matrices, has been cited as being more robust than 

discriminant analysis (Press and Wilson, 1978). Discriminant analysis, on the other hand, 

requires more assumptions, including a normal distribution of independent variables and 

equal covariance matrices (Press and Wilson, 1978). Although logistic regression is less 

commonly used to estimate sex from measurements, it has begun to be used more recently 

(Albanese et al., 2008; Cardoso, 2008; Torwalt and Hoppa, 2005). Saunders and Hoppa 

(1997) used long bone measurements obtained from an adult skeletal sample from the St. 

Thomas’ Church cemetery to assign individual sex. Albanese et al. (2008) used the method 

with measurements from the proximal femur and hipbone and Cardoso (2008) used it to 

assess the sex of subadults using tooth dimensions from adults. Torwalt and Hoppa (2005) 

used logistic regression to assess sex based on measurements obtained from the sternum and 

4th rib from chest radiographs of 130 autopsied individuals. Thus, this method appears to be 

gaining recognition as an alternative to discriminant analysis. First, analyses were performed 

using the total sample (n = 160). The results of these analyses are shown in Appendix 7. 

Second, because only 88 individuals from the total sample possessed all of the 

measurements, logistic regression analyses were then performed on this reduced sample, so 

that all results among different bones would be directly comparable and from exactly the 

same sample. Reduced samples for each bone, measurement, or dimension analyzed  
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contained the same number of individuals for each side, to compare accuracy of left versus 

right and to determine if equal sample sizes for the left and right sides significantly affected 

the percentages of correct classifications. Results of these analyses are shown in Appendix 8.  

Logistic regression analysis produced coefficients that can be used to develop 

equations for sexing modern Americans of Euro-American ancestry. The coefficients for the 

best bones and the dimensions from the right side are shown in Appendix 10 with a sample 

equation. 
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CHAPTER 4-RESULTS  
 
 The purpose of the current study is to demonstrate that the tarsals show significant 

sexual dimorphism, to explore the degree of sexual dimorphism in different dimensions of 

the tarsal bones, and to assess whether dimensions of length, width, and height obtained from 

these bones can be used to accurately assess sex. The results of this study produced 

coefficients from a sample of White males and White females from the William M. Bass 

Donated Collection that can be used to develop equations to accurately sex individuals of 

similar composition at rates that are similar to or greater than those of previous studies. 

However, the present research goes beyond previous studies to include a comparison 

between left and right measurements to determine if a pattern of dominance on one side 

exists within the tarsals and their dimensions of length, width, and height, and to determine if 

patterns emerge in the accuracy of dimension measurements between bones that might 

suggest the presence of development fields in the foot. 

Summary statistics calculated for the left and right sides of the male and female 

samples separately (Appendices 2-5) demonstrate that average male length, width, and height 

dimensions for each tarsal are larger than those of females, consistent with results from 

previous studies. Pearson’s Correlation Analyses of sex with each individual measure for the 

left and right sides appear in Appendix 6, Tables 15-16. Correlations between sex and each 

individual right measure are larger overall than those between sex and each individual left  
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measure. Calculated coefficients of determination (R2) for each individual measure indicate  

how much of the variation in each measure is explained by sex. Correlations computed 

between length, width, and height dimensions of each bone for the total sample by side 

(Appendix 6, Tables 17-22) indicate that the highest correlations are between calcaneus and 

talus lengths, cuneiform 1 and cuneiform 2 lengths, talus and cuboid breadths, talus and 

cuneiform 1 breadths, and cuneiform 1 and cuneiform 2 heights, with all of these pairs 

exhibiting correlations greater than 0.70. Tables 23 and 24 (Appendix 6) demonstrate the 

similarities and differences in correlation between each measurement of the same dimension 

from the right and left sides. Table 25 (Appendix 6) shows the similarities in correlation 

between bones by measurement type. 

Correct classifications obtained in the present study are shown in Appendix 7 for the 

total sample and Appendix 8 for the reduced sample. Correct classifications of 80% and 

above indicate high levels of sexual dimorphism in the sample. The talus and first cuneiform 

are the most sexually dimorphic bones. The left third cuneiform demonstrates the least sexual 

dimorphism, with an overall correct classification of 77.0% for the reduced sample and 

77.6% for the total sample. Correct classifications for bones and dimensions from the right 

side were generally higher than those from the left side, indicating that the right tarsals may 

be more sexually dimorphic than those from the left side. Greater percentages of correct 

classifications for length and height dimensions than for width dimensions indicate that  
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length and height measurements are highly sexually dimorphic. The results from logistic 

regression analyses performed on individual measurements are shown in Appendix 7, Tables 

50-51 for the total sample (n = 160) and Appendix 8, Tables 79-80 for the reduced samples. 

Individual measurements with correct classifications above 80% indicate a high level of 

variation between the sexes. These results indicate that bones, dimensions, and individual 

measurements with high levels of sexual dimorphism have the greatest sexing potential. 

 In comparison to previous research, the present study suggests that sex can be 

determined for recent Americans of European ancestry with similar or superior results. 

Results from logistic regression analyses performed on the total sample (n = 160) indicate 

correct classifications for males and females combined (Appendix 7, Tables 26-60) to be as 

high as 93.5%, when using all heights measurements from the right side of the tarsals 

collectively. A comparison between left and right sides using the total sample (Appendix 7, 

Tables 26-31) by dimension type (“i.e.,” length, width, height) demonstrates that fewer 

individuals were incorrectly classified using measurements obtained from the right side. 

Although height and length produced better correct classifications than width using 

dimensions from the right side, no significant difference exists between the sexing utility of 

dimensions from the left side. Combinations of length, breadth, and height measurements 

from the midfoot bones (cuboid, navicular, first cuneiform, second cuneiform, third 

cuneiform) on the right produced slightly better correct classifications than those from the  
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left (Appendix 7, Tables 54-59). Individual measures from the right side also performed 

slightly better than those from the left, with the exception of left talus width, left cuboid 

length, left cuneiform 1 breadth, left cuneiform 2 height, and left cuneiform 3 breadth from 

the reduced samples.  

The talus alone correctly classified individuals in the total sample with percentages 

between 86.6% and 87.6%, with little difference between the utility of length, width, and 

height. This result is consistent with previous research on the talus. Calcaneus length 

produced a correct classification of almost 81% alone. Adding talus length to calcaneus 

length increased the percentage of individuals correctly classified to between 87.1% and 

87.5%. 

The highest correct classifications obtained using all measurements on a single bone 

were produced by the talus and the first cuneiform when all dimensions from each bone were 

combined in regression. All left talus measurements combined correctly classified 90.6% of 

the total sample, while all right first cuneiform measurements combined correctly classified 

90.0% of the total sample. Using all left third cuneiform measurements together produced the 

lowest percentage of correct classifications for the sample at 77.6%, although measurements 

taken from the right side of this bone generated a correct classification of 85.0% of the 

sample. Other bones produced correct classifications of between 80.1% and 87.6 % 

depending on the side used; however the variation in percentage of accuracy by side may be  
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affected by the difference in the number of bones that were available on the left versus right 

side for the sample. The overall percentages for each bone from the total sample are shown in 

Table 6 below. The percentage differences between males and females for left and right sides 

of each bone from which length, width, and height measurements were combined are also 

shown, with the first cuneiform distinguishing between the sexes at a higher rate for the total 

sample than other bones. 

 
Table 6: Overall percentages of correct classifications and differences in accuracy for males 
and female by bone for each side for the total sample (n = 160). 
 

 

The average percentages of correct classification for each bone from the total sample 

and the reduced samples are shown in Table 7 below. Percentages were obtained by 

averaging the overall percentages of individuals correctly classified from the left and right 

sides for each bone. The average accuracies for the reduced samples indicate possible 

clustering between talus and first cuneiform measures, between cuboid and navicular 

measures, and between second and third cuneiform measures. These clusters may  

 

Bone Overall 
Percentage 
from Left 

Percentage 
Difference 

between Males 
and Females 

Overall 
Percentage 

from 
Right 

Percentage 
Difference 

between Males 
and Females 

Talus 90.6% 1.9 87.6% 2.1 
Cuboid 81.6% 2.9 86.7% 2.9 
Navicular 84.2% 3.3 85.2% 4.9 
First cuneiform 85.7% 0.0 90.0% 0.6 
Second cuneiform 80.9% 1.7 87.4% 1.2 
Third cuneiform 77.6% 4.0 85.0% 3.5 
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demonstrate patterns of sexual dimorphism between these bones related to skeletal 

development, and perhaps developmental fields. 

 
Table 7: Average percentages of correct classifications for the total and reduced samples. 

 

To determine if the difference in the number of bones available on left versus right 

sides for the sample affected the accuracy of classification significantly, reduced data sets 

were subjected to logistic regression analysis. The reduced data sets contained the exact same 

number of individuals and therefore, the same numbers of bones for the left and right sides 

for each bone, measurement, and dimension subjected to analysis. The reduced samples 

produced results (Appendix 8) similar to those of the total sample. Length, width, and height 

dimensions from the right side performed with slightly better accuracy than those from the 

left side, with the combined right height measurements producing the highest overall 

percentage of correct classification at 93.5%. Little difference exists between the percentages 

of correct classification for dimension types overall, as indicated in the average percentages 

(produced by averaging left and right percentages for each dimension) in Table 8 below, 

Bone Average Percentages of Correct 
Classifications for Total Sample 

Average Percentages of 
Correct Classifications for 

Reduced Samples 
Talus 89.1% 89.2% 
Cuboid 84.2% 84.6% 
Navicular 84.7% 85.5% 
First cuneiform 87.9% 87.6% 
Second cuneiform 84.2% 82.7% 
Third cuneiform 81.3% 80.1% 
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although height dimensions performed with a slightly better average accuracy than those of 

length or width. 

 
Table 8: Average percentages of correct classifications for each dimension for reduced 
samples. 

 
 

 

 

 

When compared at the individual bone level, some dimensions performed better than 

others for certain bones. Within the second cuneiform, height performed better than length 

and width with an overall correct classification of 80.0% on the left and 79.2% on the right. 

Navicular breadth outperformed navicular length with a correct classification of 82.2% for 

the left side and 83.6% for the right side. Cuboid breadth was also more accurate than length 

and height, with correct classifications of 83.3% and 84.7% for the left and right sides, 

respectively. At the individual bone level, only the talus and first cuneiform showed similar 

percentages of correct classification between dimension types.  

Average correct classifications were computed for the total and reduced samples to 

determine if similar levels of correct classification were present between certain bones when 

considering the same type of dimension, and to determine which dimension performed best  

 

Dimension Average Percentages of Correct 
Classifications for Reduced 

Samples 
Length 89.4% 
Width 89.2% 
Height 91.1% 
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for each individual bone. Percentages of correct classification were calculated by averaging 

each individual measure from the left and right side of each bone and then comparing them. 

Average correct classifications for the total and reduced samples are shown in Table 9 below. 

Table 10 shows the correct classification clusters of dimensions. The talus was placed in a 

category alone because its average percentages of correct classification for length, width, and 

height were higher than those of the other bones. 

 
Table 9: Average percentages of correct classification of each dimension for each bone for 
the total and reduced samples. 
 

Bone Average Percentages of 
Correct Classification for 

Total Sample 

Average Percentages of 
Correct Classification for 

Reduced Samples 

Length 87.2% 87.2% 
Width 87.0% 87.2% 

Talus 

Height 87.1% 87.0% 
Length 76.7% 77.3% 
Width 83.6% 84.0% 

Cuboid 

Height 75.6% 77.5% 
Length 76.9% 77.3% Navicular 
Width 83.3% 82.9% 
Length 82.8% 83.6% 
Width 81.6% 82.3% 

First 
cuneiform 

Height 81.0% 79.9% 
Length 76.6% 77.2% 
Width 78.6% 77.0% 

Second 
cuneiform 

Height 80.0% 79.6% 
Length 82.1% 83.5% 
Width 79.5% 79.5% 

Third 
cuneiform 

Height 80.7% 79.1% 
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Table 10: Clusters of bones which produced similar percentages of correct classification for 
each dimension. 
 

Length Clusters Width Clusters Height Clusters 
Talus Talus Talus 

Navicular, Cuboid,  
Cuneiform 2 

Navicular, Cuboid 
Cuneiform 1 

Cuneiform 1, Cuneiform 2, 
Cuneiform 3 

Cuneiform 1 and Cuneiform 3 Cuneiform 2 and  
Cuneiform 3 

Cuboid 

 

Correct classifications of the left versus the right side varied by bone, with all talus 

measurements combined producing the highest percentages of correct classification, although 

the cuboid, navicular, first cuneiform, and second cuneiform all produced overall percentages 

above 80.0%. The left third cuneiform measurements produced the lowest overall percentage 

of correct classification at 77.0%. Individual talus measurements outperformed individual 

measures from other bones, including calcaneus length, in the reduced sample, with 

percentages of correct classification between 86.5% and 87.8%. This suggests that the talus 

may be the most useful tarsal bone for sexing unknown individuals. Cuboid breadth, 

navicular breadth, and length and breadth of the first cuneiform also performed well, with 

accuracies greater than 81%, indicating that is the second most useful bone for sexing. 
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CHAPTER 5-DISCUSSION 
 

The results of this thesis demonstrate that the tarsals and their dimensions of length, 

width, and height are highly sexually dimorphic, and therefore, have good potential for 

sexing unknown individuals of Euro-American ancestry when other more commonly used 

bones are badly damaged or absent. The talus and first cuneiform are the most sexually 

dimorphic tarsals, and, therefore, may have the greatest potential for correctly classifying 

individuals of unknown sex. The utility of these bones and measurements for sexing is 

comparable to that reported in other studies; however a majority of the previous research 

only utilized bones from the left side. Steele’s (1970; 1976) research on the sexing utility of 

the calcaneus and talus using White and Black males and females from the Terry Collection 

produced an overall sex determination accuracy of between 79% and 89%. Discriminant 

functions for a combination of talus and calcaneus measurements of length, width, and height 

generated a sexing accuracy of 88.6% (Steele, 1970). Discriminant functions for calcaneus 

measurements alone produced an accuracy of 79%, while talus measurements produced an 

accuracy of between 83% and 88% depending upon the measurements included in the 

discriminant functions. Measurements obtained from the talus produced the most accurate 

sexing utility in Steele’s study (1970; 1976), with talus length alone being a highly 

significant indicator of sex. A more recent study of the sexing efficiency of the carpals and 

tarsals, including the talus, calcaneus, navicular, and second cuneiform, performed by  
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Hoover (1997) on the prehistoric Windover population of Florida produced higher sexing 

accuracies than those of Steele (1970; 1976), although the sample was not of known sex. 

Stepwise discriminant analysis produced an accuracy of 93% using talus length and body 

height simultaneously and 94% accuracy for these measurements using interactive 

discriminant analysis. Calcaneus length produced an accuracy of between 83% and 86% 

depending on the type of statistical analysis used (Hoover, 1997), which is a slightly better 

accuracy than that of the current study. As in Steele’s (1970; 1976) research and the current 

study, the talus was also the most diagnostic bone for the Windhover population.  

Numerous other studies using the calcaneus and talus in sex determination found 

measures of these bones to produce percentages of correct classification of varying degrees. 

Talus and calcaneus length were found to be the best indicators of sex in a large number of 

these studies, however. Calcaneus maximum length sexed samples from a variety of studies 

on modern samples with accuracies ranging from 83.75% to 84.9 % (Bidmos and Asala, 

2003; Introna et al., 1997; Riepert et al., 1996). Talus maximum length alone sexed samples 

from a variety of studies on modern samples with accuracies ranging from 80% to 89% 

(Bidmos and Dayal, 2003; 2004) and an accuracy of between 82% and 87% (Murphy, 2002b; 

Wilbur et al., 1998) on prehistoric populations. In the current study, talus length alone 

correctly classified 88.2% of the sample when this dimension from the left and right sides 

was combined in the regression analysis. 
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In comparison to previous research on sexing skeletal remains using the femur, tibia, 

and metatarsals, the results of this study produced correct classifications similar to or greater 

than those using these other bones. A study performed by Robling and Ubelaker (1997) using 

the metatarsals to assess their utility at sexing White and Black individuals from the Terry 

Collection produced percentages of correct classification ranging from 83% to 100%. 

Research performed by Case and Ross (2007) using the metacarpals, metatarsals, and 

phalanges from a sample of the Terry Collection demonstrated a sexing reliability of above 

80% for some measures. As in the present study of the tarsals, this previous research also 

indicated that length dimensions were better at accurately assessing sex than width 

measurements (Case and Ross, 2007). A number of shaft dimensions studied by Işcan and 

Miller-Shaivitz (1984) using the Terry Collection indicated that while sexual dimorphism of 

the tibia exists, it may be dependent on ancestry. The average accuracy of sex determination 

using shaft dimensions of the tibia was 87.3% for Whites and 90.0% for Blacks (Işcan and 

Miller-Shaivitz, 1984). Black’s (1978) research on the sexing accuracy of femoral shaft 

circumference produced an average accuracy of 85%, while Dibennardo and Taylor (1979) 

showed that femoral circumference was 82% accurate. A comparison of the percentages of 

correct classifications from these more commonly studied bones to the tarsals suggests that 

some tarsals produce correct classification results that are similar to these long bones. 

Although the percentages of correct classification of the right tarsals are only slightly  
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higher than those of the left side, this may indicate dominant use of the right foot. No known 

skeletal studies on dominance of the foot have been performed; however, some psychological 

studies on hand and foot dominance have attempted to show that preferential use of one foot 

over the other for certain activities, in particular those related to athletics, does exist 

(Chapman et al., 1987; Gabbard and Hart, 1996). Although several theories to explain the 

existence of foot dominance have been proposed (Gabbard and Hart, 1996), the question of 

what causes individuals to prefer one foot over the other remains unresolved. The differences 

in the percentages of correct classification between the right and left tarsals may simply be 

due to allometry, however.  

In comparison to research on the ossification of the tarsal elements, the results of this 

thesis do not appear to demonstrate any consistent pattern of correct classifications between 

bones that may indicate the clear presence of developmental fields of the foot. Francis and 

Werle (1939) indicated that the calcaneus, talus and cuboid begin ossification around birth in 

both males and females. The third cuneiform begins to ossify at approximately two months 

of age in males and females (Francis and Werle, 1939). The first cuneiform ossifies earlier in 

females, at approximately nine months of age, while in males ossification does not begin 

until around one year and one month of age (Francis and Werle, 1939). The second 

cuneiform and navicular begin ossification last and at approximately the same time, although 

the timing is earlier for females than males (Francis and Werle, 1939). Other research has  

 



 

 
 
39 

shown somewhat similar results in the sequence of ossification, although the timing may be 

different (Flecker, 1931; Garn et al., 1966; Hill, 1939). Francis and Werle’s (1939) research 

would appear to indicate that developmental fields of the foot exist, such that the calcaneus, 

talus, and cuboid ossify at approximately the same time, followed by the third cuneiform 

alone, the first cuneiform alone, and finally, the navicular and second cuneiform together. 

However, the results from this study, as show in Table 10 above, indicate that clusters in 

correct classification do not match these possible developmental fields of the tarsals. Future 

research should evaluate the possible presence of developmental fields of the tarsals. 
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CHAPTER 6-CONCLUSION 
 

 The primary purpose of this thesis was to demonstrate that the tarsals exhibit 

significant sexual dimorphism and can be used to metrically estimate sex when other 

methods of sex determination are difficult or impossible due to poor preservation of more 

commonly used elements. Although the bones of the feet may not always preserve well in 

archaeological samples due to taphonomic processes, when their preservation is good, they 

can be used to accurately determine sex. The results of logistic regression analyses performed 

on the tarsals and their dimensions of length, width, and height clearly show the utility of 

these bones and dimensions in estimating sex. A large number of the bones, dimensions, and 

individual measurements demonstrate correct classifications above 80%, indicating that the 

tarsals show high levels of size variation between the sexes.  

 As in Steele’s (1970; 1976) and Hoover’s (1997) studies, the talus is the most 

sexually dimorphic bone in this study, with an overall percentage of correct classification of 

90.6% for left talus measures in the total sample (n = 160) and of 87.6% for right talus 

measures in the total sample. The talus produced correct classifications of 90.1% and 88.2% 

for the left and right sides, respectively, in the reduced talus sample (n = 152). The first 

cuneiform also exhibited a high level of sexual dimorphism in this study. The first cuneiform 

generated overall correct classifications of 85.7% (left) and 90.0% (right) for the total sample  
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(n = 160), and correct classifications of 86.1% (left) and 89.1% (right) for the reduced first 

cuneiform sample (n = 137). Measurements obtained from the right tarsals typically 

produced slightly greater percentages of correct classification than those from the left, which 

may suggest a pattern of dominant use of the right foot, or may simply result from allometry. 

Dimensions of length and height were generally more sexually dimorphic than measurements 

of breadth. Although no discernable patterns in dimorphism could be attributed to the order 

in which the tarsals develop and ossify, more research should be performed to determine if 

such a pattern does exist.  

 Overall, the results of this thesis suggest that the tarsal and their dimensions are 

highly sexually dimorphic, and therefore, are useful in determining sex in individuals of 

modern Euro-American ancestry. The logistic regression analyses used in this study 

produced coefficients that can be used to create equations to sex unknown individuals of 

Euro-American ancestry. Additional research should be performed to test the accuracy of 

equations developed from these coefficients at sexing unknown individuals of similar 

ancestry. Future research should also focus on assessing sexual dimorphism in the tarsals of 

other ancestral groups and developing equations to sex unknown individuals of similar 

ancestries. Research should also concentrate on evaluating the dimorphism of these bones 

and dimensions in bioarchaeological populations and the usefulness of equations developed 

from these coefficients at sexing prehistoric skeletal remains. 
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APPENDIX 1: KEY TO MEASUREMENT NAMES 
 

LCALCMXLG = Left calcaneus maximum length 
RCALCMXLG = Right calcaneus maximum length 
LTALMXLG = Left talus maximum length 
RTALMXLG = Right talus maximum length 
LTALWD = Left talus width 
RTALWD = Right talus width 
LTALHT = Left talus height 
RTALHT = Right talus height 
LCUBLG = Left cuboid length 
RCUBLG = Right cuboid length 
LCUBBRD = Left cuboid breadth 
RCUBBRD = Right cuboid breadth 
LCUBHT = Left cuboid height 
RCUBHT = Right cuboid height 
LNAVLG = Left navicular length 
RNAVLG = Right navicular length 
LNAVBRD = Left navicular breadth 
RNAVBRD = Right navicular breadth 
LCF1LG = Left cuneiform 1 length 
RCF1LG = Right cuneiform 1 length 
LCF1BRD = Left cuneiform 1 breadth 
RCF1BRD = Right cuneiform 1 breadth 
LCF1HT = Left cuneiform 1 height 
RCF1HT = Right cuneiform 1 height 
LCF2LG = Left cuneiform 2 length 
RCF2LG = Right cuneiform 2 length 
LCF2BRD = Left cuneiform 2 breadth 
RCF2BRD = Right cuneiform 2 breadth 
LCF2HT = Left cuneiform 2 height 
RCF2HT = Right cuneiform 2 height 
LCF3LG = Left cuneiform 3 length 
RCF3LG = Right cuneiform 3 length 
LCF3BRD = Left cuneiform 3 breadth 
RCF3BRD = Right cuneiform 3 breadth 
LCF3HT = Left cuneiform 3 height 
RCF3HT = Right cuneiform 3 height 
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APPENDIX 2: BASIC STATISTICS FOR MALE SAMPLE 
(LEFT SIDE) 

 
Table 11: Basic Statistics for males from the left tarsals. 

 
 
 

  
 
  
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Measurement N Mean Standard Deviation 

LCALMXLG 80 86.79 4.69 
LTALMXLG 82 61.69 3.62 
LTALWD 82 44.45 2.46 
LTALHT 82 34.69 1.99 
LCUBLG 81 38.74 2.76 
LCUBBRD 81 29.57 1.81 
LCUBHT 81 25.71 2.73 
LNAVLG 80 21.79 1.67 
LNAVBRD 80 42.52 2.76 
LCF1LG 77 28.11 1.79 
LCF1BRD 78 19.56 1.28 
LCF1HT 78 34.49 2.04 
LCF2LG 71 19.54 1.36 
LCF2BRD 71 17.57 1.50 
LCF2HT 71 23.78 1.76 
LCF3LG 74 25.76 3.10 
LCF3BRD 74 17.46 1.33 
LCF3HT 74 25.09 2.78 
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APPENDIX 3: BASIC STATISTICS FOR MALE SAMPLE 
(RIGHT SIDE) 

 
 
Table 12: Basic Statistics for nales from the right tarsals. 

 
 
    
 
 
 
 
 
 
 
 
 
 
 
 

Measurement N Mean Standard Deviation 

RCALMXLG 81 87.37 4.40 
RTALMXLG 79 61.05 3.59 
RTALWD 80 44.45 2.44 
RTALHT 81 34.81 1.98 
RCUBLG 79 39.11 2.84 
RCUBBRD 79 29.77 1.77 
RCUBHT 79 25.69 2.29 
RNAVLG 80 21.81 1.70 
RNAVBRD 80 42.28 2.68 
RCF1LG 78 28.18 1.87 
RCF1BRD 78 19.67 1.34 
RCF1HT 78 34.59 2.04 
RCF2LG 76 19.44 1.30 
RCF2BRD 75 17.69 1.46 
RCF2HT 76 24.07 1.71 
RCF3LG 72 26.11 1.38 
RCF3BRD 72 17.46 1.33 
RCF3HT 72 25.45 1.77 
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APPENDIX 4: BASIC STATISTICS FOR FEMALE SAMPLE 
(LEFT SIDE) 

 
 
Table 13: Basic Statistics for females from the left tarsals. 

  
   
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement N Mean Standard Deviation 

LCALMXLG 76 79.05 4.04 
LTALMXLG 77 54.64 2.94 
LTALWD 77 39.15 2.04 
LTALHT 77 30.48 1.56 
LCUBLG 72 35.22 2.24 
LCUBBRD 71 26.39 1.92 
LCUBHT 71 23.16 1.71 
LNAVLG 72 19.64 1.34 
LNAVBRD 73 37.76 3.27 
LCF1LG 70 25.64 2.42 
LCF1BRD 70 17.58 1.51 
LCF1HT 70 31.15 2.29 
LCF2LG 67 17.94 2.21 
LCF2BRD 67 15.71 1.09 
LCF2HT 65 21.06 1.59 
LCF3LG 72 23.69 1.12 
LCF3BRD 71 15.79 1.28 
LCF3HT 70 22.89 1.61 
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APPENDIX 5: BASIC STATISTICS FOR FEMALE SAMPLE 

(RIGHT SIDE) 
 
Table 14: Basic Statistics for females from the right tarsals. 

 
   
 

 

 

 

 

 

 

 

Measurement N Mean Standard Deviation 

RCALMXLG 76 79.46 3.80 
RTALMXLG 74 53.75 2.87 
RTALWD 77 39.43 2.51 
RTALHT 77 30.63 2.05 
RCUBLG 72 35.08 2.66 
RCUBBRD 73 26.44 1.89 
RCUBHT 73 23.40 2.24 
RNAVLG 70 19.81 2.67 
RNAVBRD 71 37.87 3.11 
RCF1LG 72 25.49 1.54 
RCF1BRD 72 17.73 1.75 
RCF1HT 73 30.98 2.66 
RCF2LG 68 17.57 1.03 
RCF2BRD 68 15.62 1.13 
RCF2HT 68 21.42 1.46 
RCF3LG 71 23.82 1.03 
RCF3BRD 71 15.74 .91 
RCF3HT 68 22.85 1.43 
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APPENDIX 6: RESULTS OF PEARSON’S CORRELATION 
COEFFICIENT ANALYSES 

 
Table 15: Correlations between sex (n = 160) and each individual left measurement. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Number of 
Cases 

Correlation Coefficient of 
Determination 

(R2) 
LCALMXLG 156 .664 44% 
LTALMXLG 159 .731 53% 
LTALWD 159 .762 58% 
LTALHT 159 .763 58% 
LCUBLG 153 .574 33% 
LCUBBRD 152 .652 42% 
LCUBHT 152 .485 23% 
LNAVLG 152 .579 34% 
LNAVBRD 153 .622 39% 
LCF1LG 147 .507 26% 
LCF1BRD 148 .580 34% 
LCF1HT 148 .613 38% 
LCF2LG 138 .404 16% 
LCF2BRD 138 .578 34% 
LCF2HT 136 .632 40% 
LCF3LG 146 .406 16% 
LCF3BRD 145 .542 29% 
LCF3HT 144 .436 19% 
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Table 16: Correlations between sex (n = 160) and each individual right measurement. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Number of 
Cases 

Correlation Coefficient of 
Determination 

(R2) 
RCALMXLG 157 .695 48% 
RTALMXLG 153 .748 56% 
RTALWD 157 .681 46% 
RTALHT 158 .722 52% 
RCUBLG 151 .592 35% 
RCUBBRD 152 .675 46% 
RCUBHT 152 .453 21% 
RNAVLG 150 .415 17% 
RNAVBRD 151 .608 37% 
RCF1LG 150 .618 38% 
RCF1BRD 150 .535 29% 
RCF1HT 151 .610 37% 
RCF2LG 144 .621 39% 
RCF2BRD 143 .619 38% 
RCF2HT 144 .640 41% 
RCF3LG 143 .688 47% 
RCF3BRD 143 .604 36% 
RCF3HT 140 .629 40% 
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Table 17: Correlations between each left length measurement. 
 

 LCALMXLG LTALMXLG LCUBLG LNAVLG LCF1LG LCF2LG LCF3LG 

LCALMXLG 1 .761 .623 .613 .609 .442 .487 
LTALMXLG .761 1 .687 .668 .609 .440 .460 
LCUBLG .623 .687 1 .582 .495 .328 .492 
LNAVLG .613 .668 .582 1 .672 .616 .453 
LCF1LG .609 .609 .495 .672 1 .817 .381 
LCF2LG .442 .440 .328 .616 .817 1 .350 
LCF3LG .487 .460 .492 .453 .381 .350 1 

 
 
 

Table 18: Correlations between each right length measurement. 
 

 RCALMXLG RTALMXLG RCUBLG RNAVLG RCF1LG RCF2LG RCF3LG 

RCALMXLG 1 .775 .651 .469 .695 .683 .771 
RTALMXLG .775 1 .693 .458 .677 .609 .763 
RCUBLG .651 .693 1 .176 .578 .534 .669 
RNAVLG .469 .458 .458 1 .687 .639 .492 
RCF1LG .695 .677 .677 .687 1 .777 .721 
RCF2LG .683 .609 .609 .639 .777 1 .707 
RCF3LG .771 .763 .763 .492 .721 .707 1 
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Table 19: Correlations between each left width/breadth measurement. 

 
 LTALWD LCUBBRD LNAVBRD LCF1BRD LCF2BRD LCF3BRD 

LTALWD 1 .774 .723 .721 .667 .685 
LCUBBRD .774 1 .460 .751 .658 .707 
LNAVBRD .723 .460 1 .417 .562 .417 
LCF1BRD .721 .751 .417 1 .610 .711 
LCF2BRD .667 .658 .562 .610 1 .646 
LCF3BRD .685 .707 .417 .711 .646 1 

 
 

Table 20: Correlations between each right width/breadth measurement. 
 

 RTALWD RCUBBRD RNAVBRD RCF1BRD RCF2BRD RCF3BRD 

RTALWD 1 .766 .539 .739 .717 .721 
RCUBBRD .766 1 .438 .680 .617 .633 
RNAVBRD .539 .438 1 .404 .548 .609 
RCF1BRD .739 .680 .404 1 .580 .569 
RCF2BRD .717 .617 .580 .580 1 .717 
RCF3BRD .721 .633 .569 .569 .717 1 
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Table 21: Correlations between each left height measurement. 
 

 LTALHT LCUBHT LCF1HT LCF2HT LCF3HT 

LTALHT 1 .581 .722 .654 .544 
LCUBHT .581 1 .589 .604 .538 
LCF1HT .722 .589 1 .822 .658 
LCF2HT .654 .604 .822 1 .655 
LCF3HT .544 .538 .658 .655 1 

 
 

Table 22: Correlations between each right height measurement. 
 

 RTALHT RCUBHT RCF1HT RCF2HT RCF3HT 

RTALHT 1 .588 .515 .534 .689 
RCUBHT .588 1 .608 .588 .683 
RCF1HT .515 .608 1 .780 .674 
RCF2HT .534 .588 .780 1 .735 
RCF3HT .689 .683 .674 .735 1 
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Table 23: Similarities in correlation between measurements from the left and right sides. 

 
 
 
 

Measurements for Left and Right Sides Degree of Correlation 
  

CALMXLG and TALMXLG High 
CALMXLG and CUBLG High 
CALMXLG and CF1LG High 
TALMXLG and CUBLG High 
TALMXLG and CF1LG High 

NAVLG and CF1LG High 
NAVLG and CF2LG High 
NAVLG and CF3LG Low 
CF1LG and CF2LG High 

TALWD and CUBBRD High 
TALWD and NAVBRD High 
TALWD and CF1BRD High 
TALWD and CF2BRD High 
TALWD and CF3BRD High 

CUBBRD and NAVBRD Low 
CUBBRD and CF1BRD High 
CUBBRD and CF2BRD High 
CUBBRD and CF3BRD High 
NAVBRD and CF1BRD Low 
NAVBRD and CF2BRD High 
CF1BRD and CF2BRD High 
CF1BRD and CF3BRD High 
CF2BRD and CF3BRD High 
TALHT and CUBHT High 
TALHT and CF1HT High 
TALHT and CF2HT High 
TALHT and CF3HT High 
CUBHT and CF1HT High 
CUBHT and CF2HT High 
CUBHT and CF3HT High 
CF1HT and CF2HT High 
CF1HT and CF3HT High 
CF2HT and CF3HT High 
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Table 24: Differences in correlation between measurements from the left and right sides. 
 

 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Measurements for Left and Right Sides Degree of Correlation 
 Left Right 

CALMXLG and NAVLG High Low 
CALMXLG and CF2LG Low High 
CALMXLG and CF3LG Low High 
TALMXLG and NAVLG High Low 
TALMXLG and CF2LG Low High 
TALMXLG and CF3LG Low High 

CUBLG and NAVLG High Low 
CUBLG and CF1LG Low High 
CUBLG and CF2LG Low High 
CUBLG and CF3LG Low High 
CF1LG and CF3LG Low High 
CF2LG and CF3LG Low High 

NAVBRD and CF3BRD Low High 
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Table 25: Similarities between overall measurement types. 
 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Tarsals Measures Degree of Correlation 
Talus and Cuboid Length, Breadth, Height High 

Talus and Cuneiform 1 Length, Breadth, Height High 
Talus and Cuneiform 2 Breadth and Height High 
Talus and Cuneiform 3 Breadth and Height High 

Cuboid and Cuneiform 1 Breadth and Height High 
Cuboid and Cuneiform 2 Breadth and Height High 
Cuboid and Cuneiform 3 Breadth and Height High 

Navicular and Cuneiform 2 Length and Breadth High 
Cuneiform 1 and Cuneiform 2 Length, Breadth, Height High 
Cuneiform 1 and Cuneiform 3 Breadth and Height High 
Cuneiform 2 and Cuneiform 3 Breadth and Height High 
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APPENDIX 7: RESULTS OF LOGISTIC REGRESSION 
ANALYSES FOR TOTAL SAMPLE 

 
 

Table 26: Classification Table for logistic regression analysis of all left length measurements 
collectively. 

 
 
 
 
 
 
 
 
 
 
 

Table 27: Classification Table for logistic regression analysis of all left width/breadth 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 
Table 28: Classification Table for logistic regression analysis of all left height measurements 

collectively. 
 
 
 

 
 
 
 
 

 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 55 7 88.7 
Female 46 9 83.6 

Overall Percentage   86.3 
    

Total 101 16  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 57 8 87.7 
Female 47 7 87.0 

Overall Percentage   87.4 
    

Total 104 15  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 58 7 89.2 
Female 48 9 84.2 

Overall Percentage   86.9 
    

Total 106 16  
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Table 29: Classification Table for logistic regression analysis of all right length 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 

 
Table 30: Classification Table for logistic regression analysis of all right width/breadth 

measurements collectively. 
 
 
 
 
 
 
 
 
 
 

 
Table 31: Classification Table for logistic regression analysis of all right height 

measurements collectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 57 6 90.5 
Female 50 7 87.7 

Overall Percentage   89.2 
    

Total 107 13  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 58 5 92.1 
Female 50 5 90.9 

Overall Percentage   91.5 
    

Total 108 10  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 62 4 93.9 
Female 53 4 93.0 

Overall Percentage   93.5 
    

Total 115 8  
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Table 32: Classification Table for logistic regression analysis of all left talus measurements 
collectively. 

 
 
 
 
 
 
 
 
 
 
 
 
Table 33: Classification Table for logistic regression analysis of all right talus measurements 

collectively. 
 
 
 
 
 
 
 
 
 

 
 

Table 34: Classification Table for logistic regression analysis of all left cuboid measurements 
collectively. 

 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 75 7 91.5 
Female 69 8 89.6 

Overall Percentage   90.6 
    

Total 144 15  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 70 9 88.6 
Female 64 10 86.5 

Overall Percentage   87.6 
    

Total 134 19  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 65 16 80.2 
Female 59 12 83.1 

Overall Percentage   81.6 
    

Total 124 28  
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Table 35: Classification Table for logistic regression analysis of all right cuboid 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 
 

Table 36: Classification Table for logistic regression analysis of all left navicular 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 

 
Table 37: Classification Table for logistic regression analysis of all right navicular 

measurements collectively. 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 70 9 88.6 
Female 11 60 84.5 

Overall Percentage   86.7 
    

Total 81 69  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 69 11 85.2 
Female 59 13 81.9 

Overall Percentage   84.2 
    

Total 128 24  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 70 12 87.5 
Female 57 12 82.6 

Overall Percentage   85.2 
    

Total 127 24  
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Table 38: Classification Table for logistic regression analysis of all left first cuneiform 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 

Table 39: Classification Table for logistic regression analysis of all right first cuneiform 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 

Table 40: Classification Table for logistic regression analysis of all left second cuneiform 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 66 11 85.7 
Female 60 10 85.7 

Overall Percentage   85.7 
    

Total 126 21  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 70 8 89.7 
Female 65 7 90.3 

Overall Percentage   90.0 
    

Total 135 15  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 58 13 81.7 
Female 52 13 80.0 

Overall Percentage   80.9 
    

Total 110 26  
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Table 41: Classification Table for logistic regression analysis of all right second cuneiform 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 42: Classification Table for logistic regression analysis of all left third cuneiform 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 

Table 43: Classification Table for logistic regression analysis of all right third cuneiform 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 66 9 88.0 
Female 59 9 86.8 

Overall Percentage   87.4 
    

Total 145 18  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 56 18 75.7 
Female 55 14 79.7 

Overall Percentage   77.6 
    

Total 113 32  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 60 12 83.3 
Female 59 9 86.8 

Overall Percentage   85.0 
    

Total 139 21  
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Table 44: Classification Table for logistic regression analysis of all left forefoot length 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 

Table 45: Classification Table for logistic regression analysis of all left forefoot breadth 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 

Table 46: Classification Table for logistic regression analysis of all left forefoot height 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 54 10 84.4 
Female 46 10 82.1 

Overall Percentage   83.3 
    

Total 100 20  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 59 6 90.8 
Female 46 8 85.2 

Overall Percentage   88.2 
    

Total 105 14  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 54 11 83.1 
Female 46 11 80.7 

Overall Percentage   82.0 
    

Total 100 22  
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Table 47: Classification Table for logistic regression analysis of all right forefoot length 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 

 
Table 48: Classification Table for logistic regression analysis of all right forefoot breadth 

measurements collectively. 
 
 
 
 
 
 
 
 
 
 
 

Table 49: Classification Table for logistic regression analysis of all right forefoot height 
measurements collectively. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 58 7 89.2 
Female 52 5 91.2 

Overall Percentage   90.2 
    

Total 110 12  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 60 4 93.8 
Female 50 7 87.7 

Overall Percentage   90.9 
    

Total 110 11  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 58 8 87.9 
Female 46 11 80.7 

Overall Percentage   84.6 
    

Total 104 19  
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Table 50: Classification Table comparing the logistic regression analyses of all left 
measurements. Analyses were performed on each left measurement separately. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
LCALMXLG 65 60 125 15 16 31 81.2 78.9 80.1 
LTALMXLG 71 67 138 11 10 21 86.6 87.0 86.8 
LTALWD 71 68 139 11 9 20 86.6 88.3 87.4 
LTALHT 73 65 138 9 12 21 89.0 84.4 86.8 
LCUBLG 61 56 117 20 16 36 75.3 77.8 76.5 
LCUBBRD 69 58 127 12 13 25 85.2 81.7 83.6 
LCUBHT 61 55 116 20 16 36 75.3 77.5 76.3 
LNAVLG 61 54 115 19 18 37 76.2 75.0 75.7 
LNAVBRD 67 59 126 13 14 27 83.8 80.8 82.4 
LCF1LG 64 57 121 13 13 26 83.1 81.4 82.3 
LCF1BRD 64 57 121 14 13 27 82.1 81.4 81.8 
LCF1HT 63 56 119 15 14 29 80.8 80.0 80.4 
LCF2LG 51 52 103 20 15 35 71.8 77.6 74.6 
LCF2BRD 52 53 105 19 14 33 73.2 79.1 76.1 
LCF2HT 54 54 108 17 11 28 76.1 83.1 79.4 
LCF3LG 57 59 116 17 13 30 77.0 81.9 79.5 
LCF3BRD 58 58 116 16 13 29 78.4 81.7 80.0 
LCF3HT 60 54 114 14 16 30 81.1 77.1 79.2 



 

 68 

Table 51: Classification Table comparing the logistic regression analyses of all right 
measurements. Analyses were performed on each right measurement separately. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
RCALMXLG 65 62 127 16 14 30 80.2 81.6 80.9 
RTALMXLG 69 65 134 10 9 19 87.3 87.8 87.6 
RTALWD 71 65 136 9 12 21 88.8 84.8 86.6 
RTALHT 73 65 138 8 12 20 90.1 84.4 87.3 
RCUBLG 62 54 116 17 18 35 78.5 75.0 76.8 
RCUBBRD 65 62 127 14 11 25 82.3 84.9 83.6 
RCUBHT 60 58 118 19 15 34 75.9 79.5 77.6 
RNAVLG 65 52 117 15 18 33 81.2 74.3 78.0 
RNAVBRD 69 58 127 11 13 24 86.2 81.7 84.1 
RCF1LG 64 61 125 14 11 25 82.1 84.7 83.3 
RCF1BRD 65 57 122 13 15 28 83.3 79.2 81.3 
RCF1HT 65 58 123 13 15 28 83.3 79.5 81.5 
RCF2LG 61 52 113 15 16 31 80.3 76.5 78.5 
RCF2BRD 61 55 116 14 13 27 81.3 80.9 81.1 
RCF2HT 62 54 116 14 14 28 81.6 79.4 80.6 
RCF3LG 60 61 121 12 10 22 83.3 85.9 84.6 
RCF3BRD 54 59 113 18 12 30 83.1 83.1 79.0 
RCF3HT 59 56 115 13 12 35 82.4 82.1 82.1 
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Table 52: Classification Table comparing the logistic regression analysis of left calcaneus 
length and left talus length measured collectively. 

 
 
 
 

Table 53: Classification Table comparing the logistic regression analysis of right calcaneus 
length and right talus length measured collectively.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
LCALMXLG 
and 
LTALMXLG 

70 65 135 10 10 20 87.5 86.7 87.1 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
RCALMXLG 
and 
RTALMXLG 

71 62 133 8 11 19 89.9 84.9 87.5 
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Table 54: Classification Table comparing the logistic regression analysis of left forefoot 
length measurements paired with one another. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
LCUBLG and 
LNAVLG 

66 56 122 12 13 25 83.5 82.4 83.0 

LCUBLG and 
LCF1LG 

61 54 115 15 12 27 80.3 81.8 81.0 

LCUBLG and 
LCF2LG 

56 49 105 15 15 30 78.9 76.6 77.8 

LCUBLG and 
LCF3LG 

58 56 114 16 11 27 78.4 83.6 80.9 

LNAVLG and 
LCF1LG 

65 50 115 11 15 26 85.5 76.9 81.6 

LNAVLG and 
LCF2LG 

58 46 104 12 17 29 82.9 73.0 78.2 

LNAVLG and 
LCF3LG 

59 53 112 15 14 29 79.7 79.1 79.4 

LCF1LG and 
LCF2LG 

58 52 110 10 11 21 85.3 82.5 84.0 

LCF1LG and 
LCF3LG 

56 56 112 14 11 25 80.0 83.6 81.8 

LCF2LG and 
LCF3LG 

53 57 110 14 8 22 79.1 87.7 83.3 
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Table 55: Classification Table comparing the logistic regression analysis of left forefoot 
breadth measurements paired with one another. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
LCUBBR 
and 
LNAVBR 

69 60 129 10 7 17 87.3 89.6 88.4 

LCUBBR 
and LCF1BR 

67 52 119 10 13 23 87.0 80.0 83.8 

LCUBBR 
and LCF2BR 

61 54 115 10 9 19 85.9 85.7 85.8 

LCUBBR 
and LCF3BR 

63 57 120 11 8 19 85.1 87.7 86.3 

LNAVBR 
and LCF1BR 

68 52 120 9 14 23 88.3 78.8 83.9 

LNAVBR 
and LCF2BR 

59 53 112 11 11 22 84.3 82.8 83.6 

LNAVBR 
and LCF3BR 

59 56 115 15 11 26 79.7 83.6 81.6 

LCF1BR and 
LCF2BR 

59 54 113 10 9 19 85.5 85.7 85.6 

LCF1BR and 
LCF3BR 

61 56 117 10 10 20 85.9 84.8 85.4 

LCF2BR and 
LCF3BR 

52 53 105 15 11 26 77.6 82.8 80.2 
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Table 56: Classification Table comparing the logistic regression analysis of left forefoot 
height measurements paired with one another. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
LCUBHT 
and LCF1HT 

65 50 115 12 15 27 84.4 76.9 81.0 

LCUBHT 
and LCF2HT 

57 50 107 14 12 26 80.3 80.6 80.5 

LCUBHT 
and LCF3HT 

61 49 110 13 16 29 82.4 75.4 79.1 

LCF1HT and 
LCF2HT 

58 51 109 11 11 22 84.1 82.3 83.2 

LCF1HT and 
LCF3HT 

61 56 117 10 10 20 85.9 84.8 85.4 

LCF2HT and 
LCF3HT 

50 52 102 17 11 28 74.6 82.5 78.5 
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Table 57: Classification Table comparing the logistic regression analysis of right forefoot 
length measurements paired with one another. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
RCUBLG 
and 
RNAVLG 

65 54 119 12 12 24 84.4 81.8 83.2 

RCUBLG 
and RCF1LG 

62 57 119 13 10 23 82.7 85.1 83.8 

RCUBLG 
and RCF2LG 

62 54 116 12 10 22 83.8 84.4 84.1 

RCUBLG 
and RCF3LG 

61 57 118 10 9 19 85.9 86.4 86.1 

RNAVLG 
and RCF1LG 

64 58 122 13 10 23 83.1 85.3 84.1 

RNAVLG 
and RCF2LG 

61 45 106 14 16 30 81.3 73.8 77.9 

RNAVLG 
and RCF3LG 

60 56 116 11 9 20 84.5 86.2 85.3 

RCF1LG and 
RCF2LG 

62 55 117 12 10 22 83.8 84.6 84.2 

RCF1LG and 
RCF3LG 

60 61 121 10 7 17 85.7 89.7 87.7 

RCF2LG and 
RCF3LG 

59 56 115 10 9 19 85.5 86.2 85.8 
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Table 58: Classification Table comparing the logistic regression analysis of right forefoot 
breadth measurements paired with one another. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
RCUBBR 
and 
RNAVBR 

72 57 129 5 10 15 93.5 85.1 89.6 

RCUBBR 
and RCF1BR 

64 57 121 11 10 21 85.3 85.1 85.2 

RCUBBR 
and RCF2BR 

64 55 119 9 9 18 87.7 85.9 86.9 

RCUBBR 
and RCF3BR 

61 59 120 10 7 17 85.9 89.4 87.6 

RNAVBR 
and RCF1BR 

68 57 125 9 12 21 88.3 82.6 85.6 

RNAVBR 
and RCF2BR 

66 53 119 8 9 17 89.2 85.5 87.5 

RNAVBR 
and RCF3BR 

59 56 115 12 10 22 83.1 84.8 83.9 

RCF1BR and 
RCF2BR 

64 55 119 9 10 19 87.7 84.6 86.2 

RCF1BR and 
RCF3BR 

57 57 114 13 11 24 81.4 83.8 82.6 

RCF2BR and 
RCF3BR 

52 56 108 16 9 25 76.5 86.2 81.2 
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Table 59: Classification Table comparing the logistic regression analysis of right forefoot 
height measurements paired with one another. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
RCUBHT 
and RCF1HT 

64 55 119 11 13 24 85.3 80.9 83.2 

RCUBHT 
and RCF2HT 

61 52 113 13 13 26 82.4 80.0 81.3 

RCUBHT 
and RCF3HT 

57 50 107 14 14 28 80.3 78.1 79.3 

RCF1HT and 
RCF2HT 

62 54 116 12 11 23 83.8 83.1 83.5 

RCF1HT and 
RCF3HT 

60 51 111 10 14 24 85.7 78.5 82.2 

RCF2HT and 
RCF3HT 

59 51 110 10 11 21 85.5 82.3 84.0 
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Table 60: Classification Table of logistic regression analyses of each left measurement with 
their right counterparts. 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
LCALMXLG 
and 
RCALMXLG 

65 60 125 14 14 28 82.3 81.1 81.7 

LTALMXLG 
and 
RTALMXLG 

70 64 134 9 9 18 88.6 87.7 88.2 

LTALWD 
and RTALWD 

69 68 137 11 8 19 86.2 89.5 87.8 

LTALHT 
and RTALHT 

72 64 136 9 12 21 88.9 84.2 86.6 

LCUBLG and 
RCUBLG 

61 49 110 17 18 35 78.2 73.1 75.9 

LCUBBRD and 
RCUBBRD 

66 54 120 12 12 24 84.6 81.8 83.3 

LCUBHT and 
RCUBHT 

59 52 111 19 14 33 75.6 78.8 77.1 

LNAVLG and 
RNAVLG 

60 49 109 18 18 36 76.9 73.1 75.2 

LNAVBRD and 
RNAVBRD 

66 54 120 12 14 26 84.6 79.4 82.2 

LCF1LG and 
RCF1LG 

61 54 115 12 10 22 83.6 84.4 83.9 

LCF1BRD and 
RCF1BRD 

62 51 113 12 13 25 83.8 79.7 81.9 

LCF1HT and 
RCF1HT 

60 52 112 14 13 27 81.1 80.0 80.6 

LCF2LG and 
RCF2LG 

54 47 101 13 13 26 80.6 78.3 79.5 

LCF2BRD and 
RCF2BRD 

52 49 101 14 11 25 78.8 81.7 80.2 

LCF2HT and 
RCF2HT 

52 44 96 15 14 29 77.6 75.9 76.8 

LCF3LG and 
RCF3LG 

53 59 112 11 7 18 82.8 89.4 86.2 

LCF3BRD and 
RCF3BRD 

47 54 101 17 11 28 73.4 83.1 78.3 

LCF3HT and 
RCF3HT 

50 51 101 14 12 26 78.1 81.0 79.5 
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APPENDIX 8: RESULTS OF LOGISTIC REGRESSION 
ANALYSES FOR REDUCED SAMPLES 

 
Table 61: Classification Table for logistic regression analysis of all left length measurements 

collectively from the reduced data set (n = 94). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 62: Classification Table for logistic regression analysis of all right length 
measurements collectively from the reduced data set (n = 94). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 45 6 88.2 
Female 36 7 83.7 

Overall Percentage   86.2 
    

Total 81 13  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 48 3 94.1 
Female 39 4 90.7 

Overall Percentage   92.6 
    

Total 87 7  
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Table 63: Classification Table for logistic regression analysis of all left width/breadth 
measurements collectively from the reduced data set (n = 97). 

 
 
 
 
 
 
 
 
 
 
 
 

Table 64: Classification Table for logistic regression analysis of all right width/breadth 
measurements collectively from the reduced data set (n = 97). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 46 7 86.8 
Female 39 5 88.6 

Overall Percentage   87.6 
    

Total 85 12  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 49 4 92.5 
Female 39 5 88.6 

Overall Percentage   90.7 
    

Total 88 9  
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Table 65: Classification Table for logistic regression analysis of all left height measurements 
collectively from the reduced data set (n = 101). 

 
 
 
 
 
 
 
 
 
 
 

 
Table 66: Classification Table for logistic regression analysis of all right height 

measurements collectively from the reduced data set (n = 101). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 50 5 90.9 
Female 40 6 87.0 

Overall Percentage   89.1 
    

Total 90 11  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 51 4 92.7 
Female 43 3 93.5 

Overall Percentage   93.1 
    

Total 94 7  
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Table 67: Classification Table for logistic regression analysis of all left talus measurements 
collectively from the reduced data set (n = 152). 

 
 
 
 
 
 
 
 
 
 
 
 
Table 68: Classification Table for logistic regression analysis of all right talus measurements 

collectively from the reduced data set (n = 152). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 72 7 91.1 
Female 65 8 89.0 

Overall Percentage   90.1 
    

Total 137 15  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 71 8 89.9 
Female 63 10 86.3 

Overall Percentage   88.2 
    

Total 134 18  
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Table 69: Classification Table for logistic regression analysis of all left cuboid measurements 
collectively from the reduced data set (n = 143). 

 
 
 
 
 
 
 
 
 
 
 
 

Table 70: Classification Table for logistic regression analysis of all right cuboid 
measurements collectively from the reduced data set (n = 143). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 66 12 84.6 
Female 52 13 80.0 

Overall Percentage   82.5 
    

Total 118 25  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 69 9 88.5 
Female 55 10 84.6 

Overall Percentage   86.7 
    

Total 124 19  
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Table 71: Classification Table for logistic regression analysis of all left navicular 
measurements collectively from the reduced data set (n = 144). 

 
 
 
 
 
 
 
 
 
 
 

 
Table 72: Classification Table for logistic regression analysis of all right navicular 

measurements collectively from the reduced data set (n = 144). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 68 10 87.2 
Female 54 12 81.8 

Overall Percentage   84.7 
    

Total 122 22  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 68 10 87.2 
Female 55 11 83.3 

Overall Percentage   85.4 
    

Total 123 21  
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Table 73: Classification Table for logistic regression analysis of all left first cuneiform 
measurements collectively from the reduced data set (n = 137). 

 
 
 
 
 
 
 
 
 
 
 

Table 74: Classification Table for logistic regression analysis of all right first cuneiform 
measurements collectively from the reduced data set (n = 137). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 63 10 86.3 
Female 55 9 85.9 

Overall Percentage   86.1 
    

Total 118 19  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 65 8 89.0 
Female 57 7 89.1 

Overall Percentage   89.1 
    

Total 122 15  
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Table 75: Classification Table for logistic regression analysis of all left second cuneiform 
measurements collectively from the reduced data set (n = 124). 

 
 
 
 
 
 
 
 
 
 
 

Table 76: Classification Table for logistic regression analysis of all right second cuneiform 
measurements collectively from the reduced data set (n = 124). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 53 13 80.3 
Female 47 11 81.0 

Overall Percentage   80.6 
    

Total 100 24  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 56 10 84.8 
Female 49 9 84.5 

Overall Percentage   84.7 
    

Total 105 19  



 

 85 

Table 77: Classification Table for logistic regression analysis of all left third cuneiform 
measurements collectively from the reduced data set (n = 126). 

 
 

 
 
 
 
 
 
 
 
 

Table 78: Classification Table for logistic regression analysis of all right third cuneiform 
measurements collectively from the reduced data set (n = 126). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 48 16 75.0 
Female 49 13 79.0 

Overall Percentage   77.0 
    

Total 97 29  

 Correctly 
Classified 

Misclassified Percentage 
Correctly 
Classified 

Male 53 11 82.8 
Female 53 9 85.5 

Overall Percentage   84.1 
    

Total 106 20  
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Table 79: Classification Table comparing the logistic regression analyses of all left 
measurements for the reduced data sets. Analyses were performed on each left measurement 

separately. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
LCALMXLG 66 59 125 13 15 28 83.5 79.7 81.7 
LTALMXLG 68 64 132 11 9 20 86.1 87.7 86.8 
LTALWD 69 68 137 11 8 19 86.2 89.5 87.8 
LTALHT 72 64 136 9 12 21 88.9 84.2 86.6 
LCUBLG 61 52 113 17 15 32 78.2 77.6 77.9 
LCUBBRD 67 53 120 11 13 24 85.9 80.3 83.3 
LCUBHT 59 51 110 19 15 34 75.6 77.3 76.4 
LNAVLG 60 50 110 18 17 35 76.9 74.6 75.9 
LNAVBRD 67 53 120 11 15 26 85.9 77.9 82.2 
LCF1LG 62 52 114 11 12 23 84.9 81.2 83.2 
LCF1BRD 62 52 114 12 12 24 83.8 81.2 82.6 
LCF1HT 59 51 110 15 14 29 79.7 78.5 79.1 
LCF2LG 49 47 96 18 13 30 73.1 78.3 75.6 
LCF2BRD 50 46 96 16 14 30 75.8 76.7 76.2 
LCF2HT 52 48 100 15 10 25 77.6 82.8 80.0 
LCF3LG 50 55 105 14 11 25 78.1 83.3 80.8 
LCF3BRD 49 55 104 15 10 25 76.6 84.6 80.6 
LCF3HT 51 49 100 13 14 27 79.7 77.8 78.7 
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Table 80: Classification Table comparing the logistic regression analyses of all right 
measurements for the reduced data sets. Analyses were performed on each right 

measurement separately. 

 
 
 

 

 

 

 

 

 

 

Measurement Correctly Classified Misclassified Percentage Correctly 
Classified 

 Male Female Both Male Female Both Male Female Both 
RCALMXLG 65 61 126 14 13 27 82.3 82.4 82.4 
RTALMXLG 69 64 133 10 9 19 87.3 87.7 87.5 
RTALWD 71 64 135 9 12 21 88.8 84.2 86.5 
RTALHT 73 64 137 8 12 20 90.1 84.2 87.3 
RCUBLG 62 49 111 16 18 34 79.5 73.1 76.6 
RCUBBRD 67 55 122 11 11 22 85.9 83.3 84.7 
RCUBHT 60 53 113 18 13 31 76.9 80.3 78.5 
RNAVLG 64 50 114 14 17 31 82.1 74.6 78.6 
RNAVBRD 67 55 122 11 13 24 85.9 80.9 83.6 
RCF1LG 61 54 115 12 10 22 83.6 84.4 83.9 
RCF1BRD 62 51 113 12 13 25 83.8 79.7 81.9 
RCF1HT 62 50 112 12 15 27 83.8 76.9 80.6 
RCF2LG 54 46 100 13 14 27 80.6 76.7 78.7 
RCF2BRD 50 48 98 16 12 28 75.8 80.0 77.8 
RCF2HT 54 45 99 13 13 26 80.6 77.6 79.2 
RCF3LG 53 59 112 11 7 18 82.8 89.4 86.2 
RCF3BRD 47 54 101 17 11 28 73.4 83.1 78.3 
RCF3HT 50 51 101 14 12 26 78.1 81.0 79.5 
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APPENDIX 9: FIGURES 
 

 

 
 

Figure 1: Superior view of the left calcaneus showing maximum length. 
 
 

 
 

Figure 2: Superior view of the left talus showing maximum length. 
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Figure 3: Superior view of the left talus showing maximum width. 
 
 

 
 

Figure 4: Medial view of the left talus showing height. 
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Figure 5: Superior view of the left navicular showing length. 
 
 

 
 

Figure 6: Distal view of the left navicular showing breadth. 
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Figure 7: Lateral view of the left cuboid showing length. 
 
 

 
 

Figure 8: Inferior view of the left cuboid showing breadth. 
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Figure 9: Lateral view of the left cuboid showing height. 
 
 

 
 

Figure 10: Lateral view of the left first cuneiform showing length. 
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Figure 11: Proximal view of the left first cuneiform showing breadth. 
 
 

 
 

Figure 12: Lateral view of the left first cuneiform showing height. 
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Figure 13: Medial view of the left second cuneiform showing length. 
 
 

 
 

Figure 14: Distal view of the left second cuneiform showing breadth. 
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Figure 15: Proximal view of the left second cuneiform showing height. 
 
 

 
 

Figure 16: Lateral view of the left third cuneiform showing length. 
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Figure 17: Proximal view of the left third cuneiform showing breadth. 
 
 

 
 

Figure 18: Lateral view of the left third cuneiform showing height. 
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APPENDIX 10: LOGISTIC REGRESSION COEFFICIENTS 
 
Sample prediction equation: Constant B (70.647) + RCALMXLG B (-.088)*x1  

 
Table 81: All right length measurements 
 
 B S.E. Wald df Sig. Exp(B) 
RCALMXLG -.008 .138 .003 1 .955 .992 
RTALMXLG -.495 .181 7.487 1 .006 .610 
RCUBLG -.196 .198 .983 1 .321 .822 
RNAVLG .012 .276 .002 1 .964 1.012 
RCF1LG -.281 .381 .547 1 .460 .755 
RCF2LG -.133 .487 .075 1 .785 .875 
RCF3LG -1.003 .475 4.467 1 .035 .367 
Constant 70.647 15.075 21.961 1 .000 4.802E30 
 
Table 82: All right width measurements 

 
 
 
 
 
 
 
 
 
 

Table 83: All right height measurements 
 
 
 
 
 
 
 
 
 

 
 
 
 

 B S.E. Wald df Sig. Exp(B) 
RTALWD -.294 .206 2.032 1 .154 .746 
RCUBBRD -.559 .220 6.469 1 .011 .572 
RNAVBR -.444 .117 14.274 1 .000 .642 
RCF1BR -.058 .302 .036 1 .849 .944 
RCF2BR -.212 .328 .417 1 .518 .809 
RCF3BR -.057 .360 .025 1 .873 .944 
Constant 51.128 9.671 27.951 1 .000 1.602E22 

 B S.E. Wald df Sig. Exp(B) 
RTALHT -.857 .215 15.956 1 .000 .424 
RCUBHT .258 .208 1.537 1 .215 1.294 
RCF1HT -.349 .201 3.004 1 .083 .706 
RCF2HT -.547 .308 3.149 1 .076 .579 
RCF3HT -.097 .289 .112 1 .738 .908 
Constant 47.710 8.624 30.607 1 .000 5.250E20 
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Table 84: All left talus measurements 
 
 
 
 
 
 
 

Table 85: All right talus measurements 

 
Table 86: All left first cuneiform measurements 

 
Table 87: All right first cuneiform measurements 

 
 
 
 
 
 
 
 
 
 
 

 B S.E. Wald df Sig. Exp(B) 
LTALMXLG -.156 .120 1.688 1 .194 .855 
LTALWD -.971 .259 14.100 1 .000 .379 
LTALHT -.407 .238 2.937 1 .087 .665 
Constant 62.573 11.348 30.407 1 .000 1.497E27 

 B S.E. Wald df Sig. Exp(B) 
RTALMXLG -.562 .132 18.014 1 .000 .570 
RTALWD -.433 .199 4.713 1 .030 .649 
RTALHT .019 .231 .007 1 .933 1.020 
Constant 49.435 8.316 35.336 1 .000 2.946E21 

 B S.E. Wald df Sig. Exp(B) 
LCF1LG -.143 .162 .773 1 .379 .867 
LCF1BR -.806 .276 8.516 1 .004 .447 
LCF1HT -.643 .121 28.380 1 .000 .526 
Constant 39.644 6.417 38.171 1 .000 1.649E17 

 B S.E. Wald df Sig. Exp(B) 
RCF1LG -.335 .195 2.953 1 .086 .715 
RCF1BR -.693 .235 8.675 1 .003 .500 
RCF1HT -.584 .122 23.008 1 .000 .558 
Constant 40.827 6.356 41.263 1 .000 5.382E17 
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Table 88: Left talus length 
 
 
 
 
 

Table 89: Left talus width 

 
Table 90: Left talus height 

 
Table 91: Right talus length 

 
Table 92: Right talus width 

 
Table 93: Right talus height 

 
 
 
 
 
 

 B S.E. Wald df Sig. Exp(B) 
LTALMXLG -.606 .088 46.989 1 .000 .546 
Constant 35.062 5.114 47.014 1 .000 1.688E15 

 B S.E. Wald df Sig. Exp(B) 
LTALWD -1.302 .226 33.080 1 .000 .272 
Constant 54.163 9.414 33.103 1 .000 3.331E23 

 B S.E. Wald df Sig. Exp(B) 
LTALHT -1.107 .165 44.800 1 .000 .331 
Constant 35.879 5.366 44.707 1 .000 3.821E15 

 B S.E. Wald df Sig. Exp(B) 
RTALMXLG -.670 .103 42.475 1 .000 .512 
Constant 38.264 5.884 42.290 1 .000 4.148E16 

 B S.E. Wald df Sig. Exp(B) 
RTALWD -.817 .127 41.316 1 .000 .442 
Constant 33.943 5.282 41.295 1 .000 5.513E14 

 B S.E. Wald df Sig. Exp(B) 
RTALHT -.924 .137 45.428 1 .000 .397 
Constant 30.145 4.487 45.143 1 .000 1.236E13 
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Table 94: Left first cuneiform length 

 
 
 
 
 

Table 95: Left first cuneiform breadth 
 
 
 
 
 

Table 96: Left first cuneiform height 
 
 
 
 
 

Table 97: Right first cuneiform length 
 
 
 
 
 

Table 98: Right first cuneiform breadth 
 
 
 
 
 

 
Table 99: Right first cuneiform height 

 
 

 

 B S.E. Wald df Sig. Exp(B) 
LCF1LG -.686 .121 32.079 1 .000 .503 
Constant 18.273 3.237 31.875 1 .000 8.630E7 

 B S.E. Wald df Sig. Exp(B) 
LCF1BR -1.232 .208 35.001 1 .000 .292 
Constant 22.658 3.840 34.812 1 .000 6.920E9 

 B S.E. Wald df Sig. Exp(B) 
LCF1HT -.898 .142 39.796 1 .000 .407 
Constant 29.370 4.665 39.647 1 .000 5.694E12 

 B S.E. Wald df Sig. Exp(B) 
RCF1LG -.907 .146 38.635 1 .000 .404 
Constant 24.154 3.882 38.719 1 .000 3.090E10 

 B S.E. Wald df Sig. Exp(B) 
RCF1BR -.990 .173 32.893 1 .000 .372 
Constant 18.310 3.197 32.793 1 .000 8.956E7 

 B S.E. Wald df Sig. Exp(B) 
RCF1HT -.887 .138 41.123 1 .000 .412 
Constant 29.084 4.541 41.012 1 .000 4.276E12 


