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ABSTRACT 

 

The primary objective of this thesis is to increase the accuracy of measurements 

for estimating stature using the anatomical method. This method represents a visual and 

repeatable approach, with fewer errors than Fully‟s original method. Currently, many 

archaeological and anatomy collections lack stature records, slowing the development not 

only of stature estimation regression equations, but also comparative studies such as 

ancestral and sex differences across populations.   

Since stature estimation regression equations utilizing calcaneus and talus are 

currently unavailable for Asian populations, living stature was estimated using this new 

anatomical method and regression equations were constructed as group-generic equations. 

This new approach demonstrates that, in the absence of long bones, the calcaneus and 

talus, which have more linear relationship than long limb bones to stature across groups, 

can be useful in estimating stature.  
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Chapter I. Introduction 

 

Stature: Archaeological and Forensic contexts 

The importance of stature estimation in physical anthropology lies in its ability to aid 

in assessing the health of populations and identifying individual growth patterns (Steckel, 

1995; Pietrusewsky et al., 1997; Larsen, 2003). In a forensic context, stature estimation 

equations can also be used to determine living stature from skeletal remains that helps in 

the identification of unknown individuals (Trotter and Gleser, 1970; Byers, 2006; Komar 

and Buikstra, 2008). The recovery of complete human skeletons in archaeological and 

forensic contexts is rare. Human skeletons are often damaged by taphonomic effects such 

as the weathering, carnivore gnawing, acidic chemical composition of soils and ground 

water, and disturbances by human activity.  

The mean statures of adults and subadults in archaeological series representing 

different time periods provide information regarding accessibility to medical treatment, 

food consumption, caloric intake, and relaxation of stressors (Kimura, 1984; Komlors, 

1993, 1998; Kouchi, 1996; Honda, 1997; Ashizawa, 2002; Goodman and Martin, 2002; 

Bassino, 2006; Douglas and Pietrusewsky, 2007). 

Mass disasters, such as the terrorist attacks on September 11, 2001, the Tsunami in 

Indonesia in 2004, Hurricane Katrina in 2005, and earthquakes worldwide, resulted in the 

commingling and disarticulation of skeletal remains representing multiple, sometimes 

thousands of individuals. In cases such as these, it often necessary to make identifications 

based solely on skeletal (including dental) remains. Other situations that contribute to 

dismemberment and disassociation of human remains include war and genocide.  

Because of their high correlation with stature, the current methods used by forensic 

anthropologists and skeletal biologists are the lengths of long limb bones (humerus, 

radius, ulna, femur, tibia, and fibula) in regression formulae. However, intact long bones 

are often not available or they are incomplete, which decreases the accuracy of the stature 

estimation. When long limb bones are not available, regression formulae utilizing bone 

segments or other bones such as the calcaneus, talus, metatarsal, metacarpal, and others 

have been used to estimate the stature of individuals of European and African ancestry.  
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Currently, equations for estimating stature from the calcaneus and talus are not 

available for people of Japanese and other Asian ancestry. Most skeletal collections in 

medical schools in Japan do not have records of an individual‟s living stature. In such 

cases, the living stature can be estimated using the anatomical method. Once stature has 

been estimated, regression equations can be formulated for use when skeletal remains 

from archaeological and forensic contexts are incomplete. 

 

Two major methods of stature estimation: Anatomical method vs. Mathematical method 

       At present, the anatomical and mathematical methods represent the two major 

methods of estimating stature from dry bones. The anatomical method requires the 

measurement of thirty bones
1
 which contribute to stature. Stature is estimated by taking 

the sum of each bone measurement and adding a correction factor, which represents the 

thickness of cartilage and other soft tissue. The mathematical method requires the 

measurement of a single or multiple bones and the use of population-specific regression 

equation(s). Given the nature of regression formulae, a standard error of estimated stature 

is necessary to represent the range of statures possible. 

 

Anatomical method 

When the records of living stature were not available, anatomical methods were 

developed to provide an estimate of an individual‟s unknown stature (Dwight, 1894; 

Fully, 1956; Saeki, 2006). The advantage of the anatomical method of stature estimation 

is that it can be applied to human remains from an archaeological context (Formicola and 

Franceschi, 1996), and compensate for individuals having extra vertebrae (Lundy 1988). 

It also adjusts for the compression of vertebral centra due to aging, secular trends (Jantz, 

1992), differences due to sex and body proportion among different ancestral groups 

(Pearson, 1899; Stevenson, 1920;  Kouchi, 1987). Using the estimated stature as a 

dependent variable, regression equations can be established by the measurements of long 

bones, as well as foot and hand bones (Lundy, 1987, 1988; Feldesman and Lundy, 1988; 

Sciulli et al., 1990; Formicola and Franceschi, 1996; Bidmos, 2005). 

                                                 
1
Skull, atlas, axis, C3 -C7,T1-12, L1-,L5, S1, femur,  tibia, calcaneus and talus 
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Although several researchers such as Lundy (1988) and Bidmos and Asala (2005) 

contend that Fully‟s (1956) method underestimates living stature, the precision of his 

method of measuring bone, each bones contribution to stature, and his correction factors 

[i.e., intervertebral disc height (IVDH), joint cartilage, and skin thickness] have not been 

carefully investigated. Fifty years later, Raxter et al. (2006) suggested that there may be 

systematic errors in his method.  

  

Fully’s Anatomical Method  

The anatomical method developed by Georges Fully (1956) is simple and time saving 

compared to that of Dwight (1894) and Saeki (2006) (Appendix A, Figure A.1), which 

require articulating bones from the skull to the foot using clay as a substitute for cartilage 

thickness and adjustment plates for positioning the skeleton on the examination table. 

The skeletal remains used by Fully were Frenchmen killed during World War II at 

Mauthausen, a German concentration camp in Austria (Fully 1956, Raxter et al., 2006, 

Byers, 2005). Of the 3165 sets of remains from Mauthausen, the remains of 102 soldiers 

wearing identification plaques secured to their wrists by leather or metal bracelets were 

selected (Stewart, 1979). The method (Appendix A, Table A.2) used to estimate an 

individual‟s height involved measurements of skull height (basion to bregma), the 

maximum body heights from the second cervical to the fifth (last) lumbar vertebra, the 

anterior height of the first sacral segment, the physiological length of the femur, the 

maximum length of the tibia without the spine (but including the medial malleolus), and 

the articulated height of the talus and calcaneus (from the most superior point on the talus 

to the most inferior point of the calcaneus). After all measurements were summed, a 

correction factor for intervertebral disc height, joint cartilage thickness and soft-tissue 

was added to the final estimation of living stature. For skeletal heights equal to or below 

153.5 cm, 10 cm, for skeletal heights between 153.6 to 165.4 cm, 10.5 cm, and for 

skeletal heights equal to or above 165.5 cm, 11.5 cm. 

 

Revision of Fully’s anatomical method by Raxter et al. (2006) 

Raxter et al. (2006) suggested that Fully‟s method tends to underestimate cadaveric 

statures after they examined the Terry Anatomical Collection at the Smithsonian Institute 
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National Museum of Natural History. The researchers tested the ambiguity of the 

measurement of vertebral body height, sacral body height, and the inclusion of medial 

malleolus that were questioned by Bidmos (2005). Raxter et al. (2006) argue that Fully‟s 

descriptions of the measurements of each bone were insufficient for duplicating his 

methods. First, it is not clear where exactly on the body of a vertebra the height 

measurement should be taken or how exactly the articulated calcaneus and talus are to be 

positioned. The uncertainties in replicating Fully‟s anatomical method and determining 

correction factors led to results that underestimated stature. 

It was further determined that the length of the portion of the medial malleolus that 

overlaps with the talus should be subtracted, because the distal point of the tibia and 

trochlea of the talus represent the actual articulating point of the tibia and talus, not the 

most distal point of the malleolus (Raxter et al., 2006).  

Also, in anatomical position, a gap exists between the first transverse line of the 

sacral body and the superior margin of the acetabulum, so Bidmos (2005) suggested that 

another sacral body measurement should be added. Further, Raxter et al. (2006) 

mentioned that the height of first sacral segment needs to be measured on an anatomically 

reconstructed pelvis (however there is no instruction of how it is measured and what 

instruments were used). Other correction factors of Raxter et al. (2006) took into account 

the effects of age reduction and the thickness of the cartilages of the odontoid process to 

basion, hip, knee and talocrural joints, scalp thickness, and heel. Following these 

adjustments in methodology, Raxter et al. (2006: 378) constructed two equations: 

 Age is known living stature =1.009 × Skeletal height – 0.0426 × age + 12.1  

(r = 0.956, SEE = 2.22)  

 Age is unknown living stature = 0.996 × Skeletal Height + 11.7  

(r = 0.952, SEE = 2.31) 

The authors suggested that their equations compensated for the underestimation of stature 

using Fully‟s anatomical method of stature estimation and may be used across 

populations as well. 
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Correction Factors: Intervertebral disc height (IVDH) 

The major effects of aging evident in vertebrae include the thickness of cartilaginous 

discs (Nakamoto, 1953; Vernon-Roberts & Pirie, 1977; Gambacciani et al., 2007) and the 

height of vertebral bodies due mainly to the loss of transverse trabeculae at the endplate 

of the vertebral body (Fon et al., 1980; Twomey, 1981; Rühli et al., 2005).  

Gambacciani et al. (2007) concluded that the intervertebral discs in post-menopausal 

women rapidly decrease within the first 5-10 years of perimenopause, suggesting a 

decrease in estrogen may be responsible for the change in connective tissue metabolism 

in the intervertebral discs. They also suggested that the nucleus pulposus and the annulus 

fibrosis which constitute intervertebral discs exhibit noticeable decreases in the content of 

collagen types, elastin, hydrophilic glycosaminoglycans, and water as women age.  

Rühli et al. (2005) found that men in modern samples have significant osseous spinal 

alternation in the sagittal diameter of the seventh cervical vertebra and first lumbar of the 

right pedicle height with aging. Fon et al. (1980) studied the angle of kyphosis levels 

using Cobb‟s technique for measuring scoliosis from chest radiographs of 450 patients at 

the University of Arizona Health Sciences Center in Tucson from 1976 to 1978. The 

pattern of linear regression results indicated that, with age, females have a higher degree 

of kyphosis angle than their male counterparts.  

To correct for the effects of aging, Raxter et al. (2006) adjusted for age following the 

method of Trotter and Gleser (1951a), which subtracts 0.426 cm/decade in place of 0.6 

cm/decade (after age 30), regardless of the differences in sex and ancestry. By summing 

the individual vertebral body heights, Raxter et al. (2006) showed that the smaller 

coefficient, compared to those of Trotter and Gleser, likely fully accounted for the effects 

of aging. Raxter et al.‟s suggestion is logical: the correction calculated by Trotter and 

Gleser accounts for the reduction of height taken, based on Hooton‟s proposition (cf. 

Trotter & Gleser, 1951a), that the length of long bones is not affected by aging. In other 

words, living stature is calculated by long bones when the individual was a young adult, 

while Raxter et al.‟s age correction factors incorporate flattened or distorted vertebral 

bodies which have lost trabecular bone through normal effects of aging. 
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Calculation of aging effects 

In the present study, two methods are used to estimate the effects of aging from living 

stature: one uses formulae applied for both males and females, and the other applies 

formula for each sex separately. The formulae used both males and females are those 

taken from Trotter and Gleser (1951a) [loss = 0.06 (age – 30) cm] and those from that of 

Galloway (1990) [loss = 0.16 (age - 45) cm]. Borkan et al. (1983) for males, and Cline et 

al. (1989) and Hertzog et al. (1969) for females, Giles (1991) constructed tables for both 

male and female separately. Giles study is limited to European Americans. The data in  

Giles (1991: table 1) were plotted by this author using SPSS 15 (Figure 1.1 and 1.2) and 

the quadratic equations are as follows (lines are added for reference):  

   Males: decrease amount of height (mm) = - 0.973*(age) + 0.016 (age)² +14.161  

Females: decrease amount of height (mm) = - 2.488* (age) + 0.029 (age)² + 52.653 

 

 

Figure 1.1. Male: Decline in stature due to aging (mm) 
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Figure 1.2. Female: Decline in stature due to aging (mm) 

 

These quadratic regression lines exhibit a gradual decrease in height (stature) among 

males starting earlier than their female counterparts. Females exhibit a later, but sharper 

decrease in height. After age 70, the reduction of stature increases more in females. If this 

phenomenon is consistent with the loss of bone density among post-menopausal women, 

then it can be reasoned that fracture of the vertebral bodies occurs as a result of the 

degeneration of the intervertebral disc as explained in a study from Gambacciani et al. 

(2007).  

It is difficult to ascertain the effects of aging using stature estimates based on 

contemporaneous individuals. The individuals that comprised the Korean War dead were 

mostly young adult males. A study of reduction in height across four to five decades was 

not possible; therefore, Trotter and Gleser (1951a) used the Terry collection to undertake 

a cross-sectional analysis of stature. Based on the premise that there is “no change in the 

lengths of the lower long bones with age,” Trotter and Gleser used multiple regression 

formulae to estimate stature using the lengths of the femur and tibia in American White 

and American Black samples (Trotter and Gleser 1951a:312). The negative slope of the 

regression lines for White and Black males and Black female samples were similar 

(White male: 0.06; Black male: 0.058; White female: 0.109; Black female: 0.048 
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respectively onset age 30 years old). Only the coefficients for White females were 

different. However, the results of the Chi-square test showed that “these coefficients of 

partial correlation may be regarded as homogeneous i.e., differing only to the extent 

expected by sampling errors from the same population,” (Trotter and Gleser 1951a: 318). 

Based on these results the authors chose a correction factor of stature reduction of 0.6 cm 

per decade.  

On the other hand, Galloway (1990) had subjects self-report their maximum height at 

age 25 along with those who were older than 50 years, which should equivalent to a 

longitudinal analysis of stature reduction. The subjects were from Sun City and Tucson in 

Arizona. Galloway found that height reduction started at the age of 45 and calculated a 

coefficient of 0.16, a decrease which is approximately 2.67 times faster, than Trotter and 

Gleser‟s coefficient factor. The author suggested that her results and those of Trotter and 

Gleser differ due to their use of dry bones while Galloway‟s study was based on living 

subjects. Galloway pointed out that her subjects came from two different socio-economic 

groups: Sun City and Tucson (affluent vs. lower income). She combined these different 

socioeconomic groups, then calculated the loss of stature rate increase after the age of 45 

in both males and females. It may be worthwhile to investigate the possible effects that 

differential accesses to medical care in these two socioeconomic groups are correlated 

with stature loss. Also includes self-reported height data, which is extremely troubling to 

use. 

 

Mathematical Method 

Pearson (1899) evaluated earlier work on correlation of long bones to stature of 

Rollet, Manouvrier, and others and is credited with elucidating the correlation between 

stature and long bone lengths. Following Pearson‟s work, stature estimation became an 

area of essential inquiry for providing individual biological profiles as well as studies of 

larger groups. In the U.S., the Hamann-Todd Collection at the Cleveland Museum of 

Natural History and the Terry Anatomical Collection at the Smithsonian Institute 

National Museum of Natural History have played significant roles in stature estimation 

studies, mainly for individuals of European or African descent (Hunt and Albanese, 

2005). The remains of U.S. military servicemen also helped to expand sample sizes of 
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these museum collections (Trotter, 1958). When estimating the stature of an individual, 

records of living stature or cadaveric stature of the individual provide the ideal way for 

formulating stature estimation equations. Both the Hamann-Todd and Terry anatomy 

collections include the living and cadaver stature records of the individuals.  

      In the mid-twentieth century, Trotter (1952, 1970) and Trotter and Gleser (1958) 

developed stature estimation equations for European American (n = 4672) and African 

American (n = 577) males and females, as well as for Asian American males (n = 92)
2
, 

using the long bones that are highly correlated with stature. Since their pioneering work, 

studies have suggested that the new equations should be applied to specific populations, 

because of differences in body proportions and different allometric growth rates (Pearson, 

1899; Todd and Lindala, 1928; Stevenson, 1929; Meadows and Jantz, 1995; Sasou and 

Hanihara, 1998). For example, when Stevenson (1929) applied Pearson‟s equations to 

Chinese skeletal series, significant errors in determining stature were found. Kouchi 

(1987) found that Fujii‟s (1953) equations (relatively unknown outside Japan) best fit the 

modern Japanese people compared to the equations for Asian American males developed 

by Trotter and Gleser, which included Polynesians and a mixed European sample. 

In contrast, Sjøvold (1990) argued that, due to allometric growth, where shorter and 

taller groups have different growth rates resulting in a change of body proportions, 

population-specific formulae are not always the most accurate. To correct for this 

problem, Sjøvold suggested the use of reduced major axis equations as an alternative to 

least square equations used in group-specific equations. According to Sjøvold, the 

tendency to overestimate the stature of very short individuals and to underestimate the 

stature of very tall individuals in least square regression analysis can be corrected with 

the use of reduced major axis equations. Furthermore, Sjøvold suggested that the effects 

of sex and secular trends will be negligible using this new method of estimating stature. 

Additionally, Holland (1995) suggests that the compact bones of the calcaneus and talus 

may be less affected by allometric growth as well as ancestral and sexual differences 

                                                 
2 Ninety-two Asian males represent a broad sampling of people (23 Japanese, 22 American Indians, 20 Filipinos, 9 

Hawaiians, 2 Chinese, 2 Samoans, 1 Malayan, and 13 subgroups of European mixed populations) were also included. 

Although Trotter‟s formulae for Asians have been widely used, utilizing such wide geographical populations may be 

problematic in many comparative studies that include different populations. 
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between individuals of European and African ancestries, compared to those that use long 

limb bones.  

 

Living stature estimation regression equations from long, foot, and hand bones 

Stature estimation regression equations can be constructed from measurements not 

only from the long limb bones (Manouvrier, 1892; Pearson, 1899; Trotter, 1952, 1970; 

Trotter and Gleser, 1958; Fujii, 1960; Houghton et al., 1975; Boldsen, 1984; Sangvichien 

et al., 1985 ; Shao 1989; Sjøvold, 1990; Holland, 1992; Formicola, 1993,1996; Sasou and 

Hanihara, 1998; Peterson, 2005; and others), but also the bones of the hand (Musgrave 

and Harneja, 1978; Meadows and Jantz, 1991; Kimura, 1992; Jasuja and Singh, 2004), 

foot (Byers et al., 1989; Holland, 1995), and even vertebral bodies (Fully and Pineau, 

1960; Jason and Taylor, 1995). If bone lengths have a strong linear relationship with an 

individual‟s height, then using living stature or cadaveric stature as the dependent 

variable and the lengths of the long bones as the independent variable provides a solution 

to estimating stature. Many previous studies indicate that the combined length of the 

femur and tibia provides a more accurate estimation of stature than the lengths of 

individual lower limb bones (femur, tibia and fibula), and that the upper limb bones 

(humerus, radius, and ulna) provide the most accurate stature estimation when leg bones 

are not available. 

The advantage to using this method is that once the equations are formulated, stature 

can be estimated using the maximum or physiological length of any long limb bones and 

other relatively well-correlated bones. For example, if the femur from a 25-year-old 

White male is available, his living stature can be estimated using the equation: Stature = 

2.38 * Femur length + 61.41 (± 3.27 cm) (Trotter, 1970). Incomplete long limb bones 

may also be utilized to estimate stature using segment measurements to first estimate the 

lengths of complete long limb bones and then applying the regression formulae to 

estimate stature (Steele and McKern, 1970; Stewart, 1979; Holland, 1992; and Simmons 

et al., 1990). This same logic has been applied to estimate stature using the calcanei and 

tali for individuals of European and African ancestry (Holland 1995).  
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Stature Estimation from the Calcaneus and Talus 

Holland (1995) was the first to apply the mathematical method that utilized the 

calcaneus and talus for estimating stature (Appendices, Figure C.1). His sample, which 

consisted of 25 White males, 25 Black males, 25 White females, and 25 Black females, 

who ranged in age from 16 to 81 years, was from the Hamann-Todd Collection. 

Altogether, a sample of 119 pairs of calcanei and tali (and 1 unpaired set of calcanei) 

were used by Holland to generate univariate and multivariate regression equations using 

the least squares method. To test the accuracy of the equations, two control samples were 

used: 19 paired and unpaired calcanei and 13 pairs of calcanei of known American 

servicemen who lost their lives in previous wars. Three measurements were taken: 

MCAL (maximum length of calcaneus), PCAL (posterior length of calcaneus) and 

MTAL (maximum length of talus).  

Holland‟s results suggest that differences due to ancestry and sex “do not always 

provide the most accurate results or the lowest reported standard errors” (Holland 

1995:317). His results indicate that the lengths of calcanei and tali have a more linear 

instead of allometric relationship to stature and that this relationship is holds across sex 

and ancestry. The work of Holland (1995) and Sjøvold (1990) demonstrate that non-

population-specific stature estimates, including those that have experienced secular 

change, are achievable and that Holland‟s equations from calcanei and tali are a viable 

substitute when intact long bones are not available (i.e., the standard errors are lower for 

the long bone equations). 

Bidmos and Asala (2005) examined whether Holland‟s equations are compatible to 

their formulated stature estimation equations from calcaneus for South African Blacks. 

The sample included 116 complete skeletons (60 males and 56 females). The skeletal 

heights of these remains were calculated using the anatomical method of Fully (1956). 

Nine parameters of the calcaneus were measured and matched against skeletal heights, 

using univariate and multivariate regression analyses. The standard error of estimates that 

were obtained with a least square regression analysis was slightly lower than the 

corresponding values using multivariate regression analysis.  
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Table 1.1. Standard error of estimate of the mathematical method comparing long bone 

results to calcanei, tali, metatarsals, metacarpals, and fragmentary elements 

 

Researchers Elements  SEE (standard error of estimate)  

Trotter and Gleser (1952) Humerus, radius, ulna, femur, tibia, fibula    ±3.0 ~ ±5.1 cm 

Bidmos and Asala (2005) Calcaneus    ±4.0 ~ ±5.9 cm 

Holland (1995) Calcaneus and talus    ±4.1 ~ ±6.1 cm 

Byers et al. (1989) Metatarsals    ±4.0 ~ ±7.6 cm 

Meadows and Jantz (1992) Metacarpals    ±5.1 ~ ±5.7 cm 

Simmons et al. (1990) Fragmentary femora    ±5.5 ~ ±7.2 cm 

Holland (1992) Fragmentary tibia    ±3.7 ~ ±5.9 cm 

 

Bidmos and Asala (2005) revealed marked differences in estimated stature using 

Fully‟s method. Further, Holland‟s equations were found to overestimate South African 

heights. This prompted Bidmos and Asala to conclude that the marked differences were 

the result of not using group-specific regression equations (Bidmos and Asala, 2005: 340). 

Their conclusions contradicted those of Holland who claimed that the estimation stature 

from the calcaneus and talus can be applied across ancestries (European and African) and 

sex. Bidmos and Asala suggested that Holland‟s rationale does not apply to the South 

African samples and that South Africans and African Americans should be treated as 

different populations.  

 

Objectives 

The primary objective of this thesis is to increase accuracy of measurements for 

anatomical method of living stature estimation. This method represents a visual, and 

repeatable approach, with fewer errors than Fully‟s original method. Unlike the Terry, 

Hamann-Todd, William M. Bass (University of Tennessee), and Maxwell (University of 

New Mexico) collections, which have living or cadaveric stature records, many 

archaeological and anatomy collections lack these stature records. Because living stature 

may be accurately determined using this method, the opportunities to construct new 

regression equations for estimating stature will increase. Additionally, since the 

equipment used in this new method is minimal and portable (a sliding caliper, a spreading 

caliper, an osteometric board (with removable end plate), a steady container (measuring 

approximately 25 cm x 30 cm x 12 cm), rubber bands, clay or dental wax, one 
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perpendicular scale, and one 30 cm straight bar (Appendix D), the method can be 

implemented under a variety of field conditions with little cost.  

Therefore such Japanese skeletal samples which currently lack stature estimation 

equations from calcanei and tali are ideal examples to construct regression equations 

based on the estimated living stature using this method, and provide for evaluation of 

whether group-specific or group-generic equations need to be formulated. 

The use of long limb bones to estimate living stature has been tested by many 

researchers who almost universally recommend the use of group-specific regression 

equations. Based on the results of this study, it is suggested that research in the future will 

include more comparative work among closely related, and distantly related groups, 

using not only long bones but also those of the feet and hands, which may have a distinct 

relationship to stature.  
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Chapter II. Material and Methods 

 

Skeletal samples from UCSM and UJSM 

Two skeletal collections from the University of Chiba, School of Medicines (UCSM) 

and the University of Jikei, School of Medicine (UJSM) are examined. The skeletal 

collection from the UCSM contains 288 individuals. Of these individuals, 92 (66 males 

and 26 females) are represented by nearly complete skeletons (Table 2.1). The records 

accompanying the skeletons in this collection include sex, birth year, age at death, 

birthplace, and cause of death. No information on stature for these individuals is provided. 

The individuals were born between 1858 and 1919 and died between 1927 and 1944. 

Most of the males in this collection are from prisons, and the females are from hospitals. 

Their families were unable to afford the cost of normal burial, so the remains were 

donated to medical schools. Other personal information, including that from prisons and 

hospitals, was confidential and unavailable. 

The skeletal collection of the UJSM contains 200 individuals. Of these, 54 (31 males 

and 23 females) are represented by nearly complete skeletons. The records of the 

individuals in this collection include sex, birth year, age at death, and cause of death. The 

individuals were born between 1894 and 1946 and died between 1930 and 1992.  

 

Table 2.1. Number of Adult Individuals in the Japanese Skeletal Series 

Collection Males Females Total 

UCSM 53 22 75 

UJSM 22 14 36 

Total 75 36 111 

 

The period when these individuals lived is closer to that of the Terry collection (dates 

of birth from 1822 to 1943), and the Hamann-Todd collection. Although it would be 

helpful to know each individual‟s socio-cultural background such as diet, socioeconomic 

status, and life history, these kinds of information are again unavailable. In contrast to the 

recent trend where relatively well-educated people indicate their wish to have their bodies 

donated for science after death, the individuals whose remains comprise the collections at 
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UCSM and UJSM were undoubtedly of lower socioeconomic status. Unlike remains 

found in a forensic or archaeological context, the completeness of these skeletons makes 

them ideal for stature estimations using anatomical methods.  

 

Historical background of the samples from UCSM and UJSM 

  

The era in which these individuals lived, the Meiji Ishin, or Restoration Period, was a 

time of political, social, and economic upheaval in Japan. The Meiji Period lasted several 

decades in the late nineteenth century (Table 2.1) and was triggered by the arrival of the 

Black Ships of Commodore Matthew Perry in 1853, which ended 265 years of Japanese 

isolation from the outside world and brought a cascade of changes to Japan‟s culture. 

Subsequently, the Imperial power of Japan overthrew the Tokugawa Shogunate (1603 to 

1868), causing unstable societal conditions, with the bulk of resources being channeled 

directly into the military establishment. The dramatic socioeconomic changes these 

events set in motion were also responsible for significant changes in Japanese health and 

stature (Honda, 1997; Steckel, 1995; Kouchi, 1966; Ali et al., 2000, 2002; Ashizawa, 

2002; Bassino, 2006). 

Based on the measurement of the maximum length of the femur, the average heights 

of the Tokugawa males were found to be almost two centimeters taller than the heights of 

their Meiji (1870s) counterparts, while females were nearly one centimeter taller even 

after Western food was introduced into Japan. Unequal access to appropriate medical 

care and animal protein, coupled with exposure to diseases such as cholera, smallpox, 

typhoid, diphtheria, trachoma, and tuberculosis may have contributed to the decrease in 

stature observed in people living during the early Meiji period (Hiramoto, 1972; Steckel, 

1995; and Bassino 2006). Honda (1997) also suggests that exposure to diseases common 

in heavily populated areas affected the health of the people, resulting in decreased stature.  

Kouchi (2000) reports that during the period of the China-Japan War (1937-1945), 

the heights of both Japanese students and conscripts born before 1920 increased at a rate 

of about one centimeter per decade. In the general population born after 1940, stature 

increased almost two times faster than the increase in stature observed in those born 

before 1920.  
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Figure 2.1 Height at age 20 by birth year (from Kouchi 1996:328) 

 

Figure 2.2 Per capita per day intake of calories, animal protein, and fat from 

thenational nutrition survey (from Kouchi 1996:328) 

 

Kouchi (1996, Figure 2.1) found that individual height increased approximately ten 

centimeters since 1945, because of the increased consumption of Western foods that are 

typically higher in animal protein and fat than Japanese diets. This trend in height 

increase seems to have ceased in the 1980s, (Kimura, 1984; Kouchi, 1996, 2000; Ali et 
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al., 2000, 2001; Sumiya et al., 2001; Ashizawa, 2002; Takeuchi, 2002), while increases in 

body fat continued (Figure 2.2). Samples from UCSM and UJSM seem correspond to 

Figure 2.1. 

 

Table 2.2. Historical period of the lives of the individuals from the UCSM and UJSM 

samples 

 

Historical Period of Japan Beginning Ending 

Edo 1603 1867 

Meiji 1868 1912 

Taisho 1912 1926 

Showa 1926 1989 

Heisei 1989 present 

 

 

Preparation 

Prior to recording measurements in the skeletal series in the UCSM and UJSM 

collections, samples were selected based on sex, date of birth, age at death, and 

completeness. Specimens exhibiting pathological conditions or damage on the loci that 

affected measurements were excluded.  

 

Equipment for Measurements 

Measurements of bones for estimating stature were recorded using the methods of 

Raxter et al. (2006) (except the first sacral height and length of tibia). In an effort to 

maintain accuracy, each bone was measured at least twice and an average calculated. A 

sliding caliper SPI Polymid Dial Caliper (nearest 0.10 mm) was used to measure the 

heights of vertebral bodies, a spreading caliper for cranium height, and an osteometric 

board
3
 (with an opening on the vertical endplate to accommodate the proximal spine of 

the tibia) for femur, tibia, and articulated calcaneus, and talus. For the reconstruction of 

the anatomical position of pelvis, a sand box, clay, two rubber bands, perpendicular scale, 

                                                 
Raxter et al. (2006) recommended using a trackless osteometric board. However, for the trip to Japan, a 

collapsible Broca‟s osteometric board was used for convenience.  
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and a straight scale were used (Figure 2.3 to 2.5). For the calculation of stature, the 

statistical software programs used in this research included Excel 2007, SPSS version 15, 

and Minitab 15.  

 

Measurements 

The measurements recorded in this study, which follow Raxter et al. (2006), include 

basion to bregma height, the maximum vertebral heights of the second cervical to fifth 

lumbar vertebrae, the physiological length of femur, and the height of the articulated 

calcaneus and talus (Appendix A, Table A 1). In this study, maximum height of vertebral 

body was recorded from following three measurements: the most anterior, the maximum 

height on the left side, and the maximum height on the right side of the vertebral body 

using a sliding caliper. 

In order to examine the difference between Fully‟s description of S1 height 

measurement (which does not include how the sacrum is positioned), and S1 height used 

in this study, the pelvis was articulated. In this study, the gap between the sacral 

promontory to the most superior margin of the acetabulum was selected instead of the 

first transverse line of sacrum. However, in order to confirm the ambiguity of Fully‟s 

description of the measurement of the first body of sacrum, these were compared with 

holding sacrum alone vs. using a reconstructed pelvis (Figures 2.7, 2.9, 2.11, and 2.13). 

 For the length of the tibia, the intercondylar eminence and the height of the malleolus 

were excluded because they do not contribute to stature (although Fully‟s measurement  

included the malleolus). I utilized the following technique: first, remove the vertical end 

plate of the osteometric board, and place the lateral surface of the tibial condyle against 

the split end of the end plate, so that the intercondylar eminences are placed between the 

split (Figure 2.3). Next, place the tip of the medial malleolus on the movable end plate 

and read the measurement. The length of the medial malleolus is taken from the superior 

line of the surface covered by extra tendons to the most inferior tip of the malleolus 

(Figure 2.4 & 2.5).  
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Figure 2.3. Measurement of physiological length of the tibia 

 

 

Figure 2.4. The superior line of surface covered by extra tendons 

           (http://www.bartleby.com/107/61.html) 

 

 
 

Figure 2.5. Measurement of medial malleolus 
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The measurement of the articulated calcaneus and talus follow by Raxter et al. (2006). 

The crucial point is that trochlea of the talus (make a tangent line) and calcaneal 

tuberosity should be parallel to both ends of the osteometric board (Appendix Table A.1). 

 

Calculation of intervertebral disc height (IVDH) from Bannister et al. (1995) 

The average of the IVDH constitutes one fifth or more of the vertebral column‟s total 

height. Bannister et al. (1995) provide a more detailed description of this ratio, whereas 

White and Folkens (2005:160) report it as being more than one-fifth.  

 The total of vertebral height was calculated first, summing the heights of the bodies 

of the C3 to the fifth lumbar vertebrae. Second, this value was multiplied by five and then 

divided by four to estimate the total length of the vertebral column, which includes 

intervertebral disc heights. Third, the summed heights of the C3 to the fifth lumbar 

vertebral bodies were subtracted from the total length of vertebral height (included 

intervertebral disc height). The average summed height of C3 to L5 in Raxter‟s samples 

(Terry Collection) is 44.4 cm, which gives an estimated summed disc height of 11.1 cm 

(Figure 2.4). 

 

Figure 2.6. Calculation of intervertebral disc height by Bannister et al. (1995) 

 

Estimate total of intervertebral disc height = 55.5 - 44.4 = 11.1 (cm)
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The average value of the IVDH for Raxter et al.‟s samples was 1.2 mm lower 

compared to that of Kapandji (1974) (11.1 cm vs. 12.3 cm). Raxter et al. (2006) explain 

that it may be derived from the measurement that Kapandji took at the center of the 

lumbar vertebral endplates, which is slightly higher than the measurement taken at the 

posterior ends. Further, their result is more likely fits with the measurements of Tibrewal 

and Pearcy (1985), which average anterior and posterior disc heights to calculate lumbar 

IVDH. For the age adjustment, the average age of their sample is 54 years old; therefore, 

since the coefficient of age adjustment was 0.0426, they subtracted 1 cm from 11.1 cm 

(Raxter et al., 2006:379).  

1. 54-30 = 24 

2. 24*0.0426 = 1.0224  

3. 11.1 – 1.0 = 10.1 

 

Correction of normal vertebral curvature 

During human spinal development, the arc shape of the fetal spine transforms into 

three distinctive structures as the individual progresses from infancy into early childhood; 

[(cervical lordosis, thoracic kyphosis, and lumbar lordosis (Figure 1.3)]. This structural 

change in the shape of the spinal column has been correlated with the functional demands 

associated with human bipedality. The process of human evolution is accompanied by 

these changes in the spinal column. The pelvis is also shaped more in the form of basin to 

support internal organs in a standing position.  
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                          Figure 2.7. Infant spine                         Figure 2.8. Adult spine         

 

To correct for the curvature of the vertebral column (Figures 1.5 and 1.6), the 

estimated vertebral column length is applied to the total height of the spine following 

Harrison‟s two theoretical assumptions: “all three spinal regions (cervical lordosis, 

thoracic kyphosis, and lumbar lordosis) are arcs of circles: some geometry and 

trigonometry H/L = (sin θ)/ θ = 0.5, and the Delmas Height to length ratio, H/L = 0.95 

index” (Harrison 

http://webcache.googleusercontent.com/search?q=cache:VBD0HE21I_oJ:www.idealspin

e.com/pages/harrison_spinal_model.htm+delma%27s+index&cd=1&hl=en&ct=clnk&gl=

us). A normal curvature will have an index value of 95 (Delmas, 1951;  Kapandji, 1974) 

with the two lordoses of the cervical and lumbar regions and one kyphosis from the 

thoracic region. Therefore Harrison (1979) agrees with the calculation of vertebral 

curvature by Delmas (1951) by proving his trigonometric analyses: 
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Delmas‟ index  

 

                                                                        

                                                                         
 = 0.95 

  

 

 

 

 

 

  

 

Figure 2.9. Harrison‟s calculation of spinal curvature (Harrison 1979) 
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                            Figure 2.10. The CBP® Full-spine Normal Model 

The path of the posterior longitudinal ligament through the posterior body margins. It is 

composed of separate ellipses in the different spinal regions (cervical, thoracic, and 

lumbar vertebrae). It has near perfect sagittal balance of vertical alignment of C1-T1-

T12-S1. This model provides normal sagittal plane curves and normal values for all 

segmental angels and global angels. The sagittal curves have points of inflection 

(mathematic term for change in direction from concavity to convexity) at inferior of T1 

and inferior of T12. (from Harrison D.E. History of the CBP® Ideal Spinal Model) 
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Intervertebral disc height (IVDH) (Japanese sample) 

Once human remains are completely skeletonized, the cartilage and other soft tissues 

have either decomposed or desiccated. Therefore, in order to substitute the total amount 

of IVDH, Bannister et al.‟s method and measurements from Nakamoto (1953) who 

specifically studied Japanese were compared. Nakamoto‟s records consisted of 

measurements of the heights of anterior, center, and posterior IVDH, and the heights of 

each vertebral body. These vertebrae and IVDH are measured using radiographs setting 

the film in parallel position. These data are averaged in five age categories in males (21 

to 25; 26 to 30; 31 to 40; 41 to 50; and 51 plus) and in four age categories in females (21 

to 25; 26 to 30; 31 to 40; and 41 to 50).  

In lateral view, the central part of the disc (nucleus pulposus) is bulging, due to the 

concavity of the vertebral body (the cortical rim of the vertebral body is also slightly 

higher than the rest of the body after complete union of the epiphyseal and vertebral 

body). Since the vertebral height measurements are taken on the rim of the body and the 

IVDHs are not parallel in lateral view (lumbar vertebrae are wedge-shaped), the values of 

IVDHs are selected from an average of anterior and posterior heights from Nakamoto‟s 

data. These adjustments should be accounted by age correction and correlation between 

vertebral height and the IVDH. This is the basis from which Bannister et al. (1995) 

calculated IVDH against total length of the vertebral body height from C3 to L5, 

multiplying 5/4, then estimating IVDH. 

Nakamoto‟s study is based on the age categories, however, since Bannister et al. 

(1995) and Fully (1956) are adjusted by the total height of vertebral bodies and total 

skeletal height respectively; samples from the UCSM and UJSM were adjusted by ratios 

of averaged vertebral heights from Nakamoto‟s sample. For example, the total vertebral 

length which was taken from the atlas to L5 from specimen number 101 (male: age at 

death 21 years old) is 48.45 cm. Nakamoto‟s average IVDH is 11.51 cm, and the average 

total vertebral height is 52.14 cm in the 21 to 25 year old category. Therefore, specimen 

101‟s IVDH (11.51 cm) was adjusted by multiplying the ratio of 48.5/52.14 which equals 
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10.695 cm. Each value was developed as one of the cartilaginous correction factors
4
 for 

calculating stature of the Japanese samples.  

 

Gap between promontory to superior margin of the acetabulum 

A major discrepancy resulting in the underestimation of stature based on the Fully 

method derives from the pelvic region, specifically his method for measuring the height 

of first sacrum. However, it appears that the articulated sacrum with os coxae will be 

angled posteriorly and, depending on how the researcher holds the sacrum, an inaccurate 

measurement may be obtained (Figure 2.5). 

In order to measure the gap between the anterior midline of the promontory to the 

middle of the transverse line of the first sacrum and to the most superior margin of the 

acetabulum, the anatomical position of the pelvis must be reconstructed. This method 

compensates for not only the morphological differences between male and female sacra
5
 

(Krogman, 1962), but also it includes individual differences. Although Raxter et al. 

(2006:379) mention that the pelvis is anatomically positioned, their instructions do not 

include how this is achieved. For this research, the method used was that developed by 

Hiramoto (1972), which substitutes the 2 mm thickness of cartilage with clay
6
 placed 

between auricular surfaces and sacroiliac joints, and approximately 7 mm between pubic 

symphyses. In order to secure the pelvis, two rubber bands were used, one tied to the left 

and right ilia supporting the sacrum and the other to secure the ischia (Figures 2.6 and 

2.7).  

In order to recreate the anatomical position, the pelvis was placed in a sand box for 

support while the anterior superior iliac spine of the ilium and pubic tubercle were held 

                                                 
4
 Other non-bone correction factors: articular cartilage in the hip, knee, and talocrural joints, scalp, heel, 

odontoid process to basion, Base of S1 to acetabular roof, distal projection of the tibial malleolus, and 

correction for vertebral column curvature. 

  
5
 Male sacrum: relatively long and narrow with more evenly distributed curvature: often 5 or more 

segments.  Female sacrum: shorter, broader, with tendency of a marked curve at S1-2 and S3-5: 5 segments 

are usually the rule. 

 
6
The use of dental wax is recommended instead of clay, because clay sometimes adheres to the  

 auricular surface or sacroiliac joints. 
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perpendicular in lateral view (Bannister et al. 1995:673)
7
; (Ratmiere, 1999:1)

8
, aided by 

the perpendicular scale inserted in the sand box (black scale in Figure 2.9 and 2.11, 2.12, 

2.13). 

Following this, the pelvis was turned toward the researcher in the anterior view. Then, 

the perpendicular scale was placed at the left corner of the sand box. Next, using another 

scale to make a right angle with the perpendicular scale that was in the left corner of the 

sand box, the measurement of the gap was taken from the most anterior margin of the 

promontory to the parallel line of the left and right superior margins of the acetabulae 

(Figure 2.10 and 2.13). When the measurements were taken, the eye height needs to be 

on the same level of the paralleled scale similar reading a liquid measurement in a beaker 

at eye level with the meniscus. 

 Fully‟s description of S1 height was not calculated using a reconstructed pelvis in 

order to measure the exact height of the first segment of the sacrum in anatomical 

position.  

 

 

                                                 
7“ In standing, the pelvic aspect of the symphysis pubis faces as much …The front of the symphysis and 

anterior superior iliac spines are in the same vertical plane”. 

 

8 “When standing in anatomical position, a vertical plane can be defined that joins the anterior superior 

iliac spine of the innominates and the pubic tubercle of the pectin pubis. It is this standard posture which 

accounts for the anterior orientation of the bowl”.   
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Figure 2.11. Actual height of first segment of sacrum 

a: potential inaccurate measurement of the first sacrum 

          b: actual height of the first sacral segment in anatomical position 

(Kapandji 1974:75 The right triangle is added by the author.) 

 

 

Figure 2.12. Reconstruction of the pelvis 

(Kapandji, 1974: 75 Black lines for clay 

   and rubber bands are added by the author 
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Figure 2.13. Reconstructed pelvis in sand box 

 

 

  

Figure 2.14. Anatomical position of the pelvis 

(Terada and Fujita 1992: 60, perpendicular line is added by the author) 
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Figure 2.15. Anatomical position of the pelvis in sand 

 

 

  Figure 2.16. c: actual height of the first sacral segment in  

      anatomical position 

  d: gap between first transverse line of sacrum to superior   

      margin of acetabulum 

      e: suggested measurement in this study 
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 Figure 2.17. Measurement on anterior margin of promontory 

    (Measurement is read on the black scale) 

 

 

 

 

 

 

   
 

Figure 2.18. Measurement on first sacrum of transverse line 

          (Measurement is read on the black scale) 
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Figure 2.19. Measurement on left and right superior margin of acetabulum 

                                 (Measurement is read on the black scale) 

 

 

After all correction factors were calculated, the recording of all the estimated statures of 

the Japanese samples were determined. Then the statures were also compared to the 

results from Raxter et al. (2006): Living Stature (age known) = 1.009 × Skeletal height – 

0.0426 × age + 12.1 (r = 0.956, SEE = 2.22) and Living Stature (age unknown) = 0.996 * 

Skeletal Height + 11.7 (r = 0.952, SEE = 2.31) using the Analysis of Variance (ANOVA) 

test. Since the lengths of the femora are available to calculate the stature from existing 

equations, the comparison of estimated values were made using data from Fujii (1956) 

for Japanese, Hasegawa (2009) for 1980‟s-born Japanese, Trotter (1971) for Mongoloid, 

Pearson (1899) for French, Sjøvold (1970) for various populations, Stevenson (1929) for 

Chinese, Sangvichien (1985) for Thai and Chinese, Choi et al. (1977) for Korean, Sasou 

and Hanihara (1988) for Japanese females, and Houghton (1975) for Polynesian Maori. 

 

Regression equations from calcaneus and talus 

 

Measurements of calcaneus and talus and description of samples 

Measurements for the three independent variables (MCAL, PCAL, and MTAL) were 

obtained following the methods of Holland (1995) (Appendices, Figure C.1). All stature 

and measurements of these three independent variables for African American and 

European American are obtained from Holland (1985) and Byrd (2008), and . 
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Emanovsky (2010) (Table 2.3). The stature from African Americans and European 

Americans were adjusted by age following Giles (1991).  

 

Table 2.3. Description of samples 

Ancestry    Male  Female               Researchers 

Japanese 69   31          This study 

African American 85   58          Holland (1995), Byrd (2003),  

         Emanovsky (2010) 

European American 85   52          Holland (1995), Byrd (2003),  

         Emanovsky (2010) 

 

Correlation between stature and each of the independent variables (MCAL, PCAL and 

MTAL) was tested to determine whether univariate or multivariate regression equations 

should be used. If correlation is high among each variable, it indicates multicollinearity. 

Then if there is a high degree of the Pearson correlation (p> 0.7), either one of variable 

needed to be excluded or the all variables are combined (Adams and Byrd 2008). After 

examining residual analyses for whether equations should be group-specific or group-

generic, ANOVA was conducted with Holland‟s sex and ancestry unknown equations. 

Control samples from Table 2.4 were tested for whether the group-generic equation was 

compatible to the Holland equations. If there is no method to determine the ancestry and 

sex in skeletal and DNA analyses, the equation from this study can be used for three 

populations (Japanese, African American, and European American).  

 

Table 2.4. Control samples 

  Male Female 

Japanese 

 

UCSM    2 

UJSM 5   2 

African American Hamann-Todd 6   3 

European American Hamann-Todd 5   4 

European American JPAC/CIL 1  

Total  17 11 

 

The statistical software programs to be used in this proposed research include Excel 2007 

and SPSS version 15.0. 
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Chapter III. Results 

 

In this Chapter, the results of my research are presented in Part I and Part II.  

There are two sections in Part I: 1. Japanese stature estimated using the anatomical 

method by this author and Raxter et al. (2006) and 2. Japanese stature estimated by 

regression equations using calcanei and tali.  

In Part I, bone measurements, calculation of stature, vertebral body heights from 

Japanese samples, three different methods (Bannister et al. 1995, Fully 1956, and 

Nakamoto 1953) of calculating intervertebral disc heights, and a comparison with other 

Asian equations derived from the length of the femur are presented.  

In Part II, bone measurements of calcanei and tali from European and African 

Americans and Japanese samples are presented, best fit regression equations are 

constructed using multivariate and univariate statistical analyses, and control samples are 

tested which were not included when the regression equations were constructed in the 

second section.   

 

Part I. Stature estimation using anatomical methods 

 

Bone measurements 

Japanese living statures were calculated by adding all bones and soft tissue 

measurements using this author‟s anatomical method, and then the values were compared 

with the results from two of Raxter et al.‟s equations (Table 3.1). The calculated average 

stature in this study and the results from Raxter et al.‟s equations are not significantly 

different. However, the higher height from the first transverse line of the sacrum to the 

superior margin of the acetabulum in Japanese males and females was in noticeable 

contrast to that of much taller populations of African and European Americans from 

Raxter et al.‟s samples, if each bone segment height is positively related to the height of 

stature. In other words, it is illogical that the small stature of the Japanese would include 

a longer length from the first transverse line of the sacrum to the superior margin of the 

acetabulum compared to the taller stature of the European and African American groups.  

It may worth investigate that this length may vary relative to ancestry. 
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Table 3.1. Average bone measurements in males and females from UCSM and UJSM 

(in cm) Japanese male 

(Chiba and Jikei) 

Japanese 

female 

(Chiba and 

Jikei) 

Japanese 

average of male 

and female 

Raxter et al. 

(2006) sex and 

ancestry 

combined 

 

Sample size n= 76 n= 36 n= 102 n= 119 

Average Age 49 47 48 54 

basion to bregma 13.84* 13.26* 

 

13.55* 

 

 

C2 ( Atlas) 3.728 3.461 

 

3.5955 

 

 

C3 1.360 1.264 

 

1.312 

 

 

C4 1.275 1.202 

 

1.2385 

 

 

C5 1.250 1.155 

 

1.2025 

 

 

C6 1.284 1.177 

 

1.2305 

 

 

C7 1.477 1.344 

 

1.4105 

 

 

T1 1.653 1.507 

 

1.58 

 

 

T2 1.796 1.649 

 

1.7225 

 

 

T3 1.771 1.629 1.7 

 

 

T4 1.808 1.659 

 

1.7335 

 

 

T5 1.858 1.692 

 

1.775 

 

 

T6 1.914 1.734 

 

1.824 

 

 

T7 1.947 1.779 

 

1.863 

 

 

T8 1.970 1.830 

 

1.9 

 

 

T9 2.033 1.888 

 

1.9605 

 

 

T10 2.119 1.962 

 

2.0405 

 

 

T11 2.189 2.047 

 

2.118 

 

 

T12 2.318 2.197 

 

2.2575 

 

 

L1 2.436 2.331 

 

2.3835 

 

 

L2 2.524 2.446 

 

2.485 

 

 

L3 2.626 2.506 

 

2.566 

 

 

L4 2.674 2.54 

 

2.607 
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L5 2.655 2.571 

 

2.613 

 

 

Total height of C3-L5 42.939 40.109 41.523 44.4 

Intervertebral disc height 10.691 9.739 10.215 10.1    

  (11.1)**** 

Total length of spinal height 

adjustment by Delmas‟ Index 

54.492* 

 

50.644* 

 

52.568*  

S1 height 2.989 2.862 

 

2.9255 

 

 

Promontory to superior 

margin of acetabulum 

5.1* 5.46* 

 

5.28* 

 

 

First transverse line of 

sacrum to superior margin of 

acetabulum 

3.827 4.225 

 

4.057 

 

3.6 

Actual height of S1 1.273 1.235 

 

1.2475 

 

 

Physiological length of 

Femur 

41.13* 38.15* 

 

39.64* 

 

 

Tibia excluding condylar 

eminence 

32.71* 30.84* 

 

31.78* 

 

 

Medial malleolus -1.40* -1.31* 

 

-1.354* 

 

-1.5 

Correction for vertebral 

column curvature 

-2.89 -2.68 -2.79 -3.0 

Height of articulated 

calcaneus and talus 

7.13* 6.41* 

 

6.77* 

 

 

Total skeletal height 

 

145.40 136.38 140.89  

Articular cartilage in hip, 

knee, and talocrural joints 

0.6* 0.6* 0.6* 1.2 

Scalp 0.4* 0.4* 0.4* 0.3 

Heel 1.45* 1.45* 1.45* 1.0 

Odontoid process to basion 0.7*(Raxter et 

al., 2006) 

0.7* (Raxter et 

al., 2006) 

0.7* (Raxter et 

al., 2006) 

0.7*(Raxter et 

al., 2006) 

Estimated living stature 

adding all bone and soft 

tissue measurements 

156.152* 146.604* 151.384*  

Raxter et al.(2006) with age 

equation** 

156.72 147.71 152.22  

Raxter et al.(2006) without 

age equation*** 

156.51 147.53 152.02  

*indicate that those measurements are constituted to the estimation of stature by anatomical method of this  

   study. 

  

**Raxter et al. (2006) with age formula           LS=1.009 × SKH - (0.0426 × age) +12.1     (SEE = 2.22 cm) 

                        

***Raxter et al. (2006) without age formula    LS=0.996 × SKH +11.7                                (SEE = 2.31 cm) 

 

**** Age adjustment is made since average age of Raxter et al.‟s (2006:379) samples is 54 years old  
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Vertebral body heights from UCSM and UJSM and IVDH from Nakamoto (1953) 

Maximum heights of anterior, lateral left and right Japanese vertebral bodies are 

presented in Table 3.2, and Figures 3.1 and 3.2. Among cervical vertebrae, the greatest 

height is found at C3, in both males and females, and the shortest heights are observed at 

C5. In the thorax region, the vertebral body heights reach the maximum at T2, then 

remain relatively constant until T6. From T7 to L5, the body heights increase again. 

 Three distinct curvatures (cervical lordosis, thoracic kyphosis, and lumbar lordosis) 

of the vertebral column from UCSM and UJSM suggest a complicated morphological 

relationship between the vertebral bodies and intervertebral discs. Table 3.2, Figures 3.1, 

3.2, and B.1 to B.9 (see Appendix B) illustrate that each vertebral body and its adjacent 

intervertebral disc are not the even shape of the column, but form an irregular shape with 

the association of angled or wedged and concave or convex configurations.   
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Table 3.2.   Average vertebral body heights from UCSM and UJSM samples  

Male 

n= 75 

Anterior 

(cm) 

Maximum 

left 

(cm) 

Maximum 

right 

(cm) 

Female 

n= 36 

Anterior 

       (cm) 

Maximum 

left 

      (cm) 

Maximum 

right 

       (cm) 

C2 3.7521 3.5189 3.5341 C2 3.4583 3.4116 3.4116 

C3 1.3597 1.2555 1.2703 C3 1.2553 1.2019 1.2169 

C4 1.2720 1.1928 1.2125 C4 1.1906 1.1497 1.1706 

C5 1.2141 1.2059 1.2163 C5 1.1164 1.1344 1.1375 

C6 1.2342 1.2599 1.2683 C6 1.1308 1.1561 1.1586 

C7 1.4188 1.4529 1.4634 C7 1.2747 1.3203 1.3347 

T1 1.5774 1.6351 1.6316 T1 1.4439 1.4950 1.4867 

T2 1.7112 1.7716 1.7671 T2 1.5747 1.6358 1.6144 

T3 1.7366 1.7325 1.7267 T3 1.5942 1.6081 1.6172 

T4 1.7526 1.7913 1.7676 T4 1.6147 1.6344 1.6308 

T5 1.7826 1.8241 1.8285 T5 1.6278 1.6547 1.6719 

T6 1.7887 1.8691 1.8995 T6 1.6403 1.6947 1.7208 

T7 1.8425 1.9136 1.9289 T7 1.7000 1.7586 1.7569 

T8 1.8888 1.9459 1.9392 T8 1.7686 1.8092 1.7944 

T9 1.9859 2.0013 1.9937 T9 1.8400 1.8628 1.8542 

      T10 2.0853 2.0872 2.0780 T10 1.9319 1.9325 1.9292 

      T11 2.1188 2.1664 2.1476 T11 2.0069 2.0289 2.0125 

      T12 2.2261 2.2908 2.2680 T12 2.1422 2.1742 2.1669 

L1 2.3368 2.4075 2.4007 L1 2.2803 2.3011 2.2911 

L2 2.4888 2.4833 2.4713 L2 2.4133 2.3933 2.3856 

L3 2.5758 2.5783 2.5649 L3 2.4750 2.4561 2.4503 

L4 2.5850 2.6613 2.6137 L4 2.4869 2.5239 2.4822 

L5 2.6220 2.5840 2.6055 L5 2.5303 2.5203 2.5158 

     Total      45.3558        45.6292       45.5974        42.4971       42.8576        42.8108 
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3:C3 and 25:L5 

Figure 3.1. Vertebral body heights of samples from UCSM and UJSM at anterior, 

maximum left and right 

 
 

     3:C3 and 25:L5 

Figure 3.2. Vertebral body heights samples from UCSM and UJSM at anterior, maximum 

left, and right 

Intervertebral disc heights (IVDHs) from Nakamoto’s (1953) measurements 
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Similar patterns of IVDHs were observed in males and females among young and 

old individuals from Nakamoto‟s (1953) samples (Appendix B.1 to B.11).  Cervical 

IVDHs are relatively greater than those recorded for thoracic IVDHs. The IVDHs for the 

lumbar vertebrae increase from L1 to L4, then at L5 are generally less than those 

recorded for L4. Overall, IVDHs are greatest centrally except for L4 and L5, where the 

anterior IVDH is greatest.  The lowest IVDHs are seen in the T3.  In males, as age 

increases, the difference between anterior and posterior heights decreases.  In the 51 to 77 

year age group in males, the difference between the anterior and posterior IVDH is 

minimal, while the central IVDHs increase. 

When epiphyseal (ring) union on thoracic and lumbar vertebral bodies is complete 

by approximately 27-28 years (Albert and Maples, 1995; Albert et al., 2010), the rims of 

the vertebral bodies become slightly higher, compared to the height of the central body.  

In Nakamoto‟s Japanese samples, the concavity in the lateral view appears prominent, 

especially in the cervical vertebrae. Gradually, the level of the concavity decreases in the 

thoracic and lumbar vertebrae.  In general, the anterior portions of the cervical vertebrae 

tend to be higher than the lateral (right or left side) heights of the bodies.  In the thoracic 

region, the lateral body height is less than the height of the anterior body height, while in 

the lumbar region, the relationship observed in thoracic vertebrae becomes slightly 

diminished. There is similarity in height from T2 to T7 both anteriorly and posteriorly, as 

well as in vertebral body heights. 

Compared to IVDH, the vertebral body height exhibits a different pattern. During 

the normal aging process, there is compression of the vertebral bodies accompanied by 

extension of the sagittal and transverse lengths (Rühli et al., 2005).  Within the cervical 

vertebrae, C3 exhibits the greatest lengths, while C5 exhibits the smallest.  Moving 

toward the first thoracic vertebra, height slowly increases.  The anterior heights of the 

cervical vertebrae are higher than those of the left and right sides, while the heights 

decrease in both the thoracic and lumbar vertebrae relative to the right and left sides. This 

is due to the morphology of the vertebral column in lateral view, where the cervical 

curvature is concave posteriorly (cervical lordosis), the thoracic curvature is convex 

posteriorly (thoracic kyphosis), and the lumbar is again concave posteriorly (lumbar 

lordosis) (Figure 1.4).  
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Comparison in IVDH calculations from Bannister et al. (1995), Fully (1956), and 

Nakamoto (1953) from UCSM and UJSM. 

 

Since the anatomical method of stature estimation considers the thickness of the 

cartilage and soft tissue, the estimation of the thickness of these tissues is essential. Table 

3.3 shows IDVH‟s age differences from Nakamoto‟s study. The results (Table 3.4) 

presented by both Bannister et al. (1995) and Nakamoto (1953) indicate that the thickness 

of these tissues is greater than that indicated by Fully‟s correction factor, which 

calculated the differences between the living stature and the skeletal height of individuals 

(Fully 1956:271). 

The ANOVA presented in Table 3.4 shows that in males, Bannister et al.‟s (1995) 

estimation of IVDH and Nakamoto‟s (1953) adjusted IVDH differ by only 1.4 mm, a 

difference that was not statistically significant.  Fully‟s correction factor is 7.08 mm less 

than Bannister et al.‟s (1995) average estimation of IVDH, and 5.65 mm less than 

Nakamoto‟s average adjusted IVDH.  Since the IVDH calculation in Bannister et al.‟s 

(1995) method and Nakamoto‟s (1953) adjusted IVDH height do not include other factors, 

Fully‟s correction factor appears generally much lower. Moreover, since Fully‟s 

correction factor was not adjusted for age (his sample consists of young male soldiers), 

his value should be even lower after the joint cartilage and the soft tissue heights are 

subtracted (UCSM and UJSM samples are included older individuals). 

 In females, Fully‟s correction factor is 8.27 mm lower compared to the average 

values of Bannister‟s (1995) IVH estimation and 4.92 mm lower than Nakamoto‟s (1953) 

adjusted IVDH.  This larger difference, compared to males, can be explained by the fact 

that the 30 to 41 year age group value is very low.  However, there is no information on 

the values of female individuals aged 31 to 41 from Nakamoto‟s (1953) study. 
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Table 3.3. Adjusted IVDHs (average of anterior and posterior heights) based on 

Nakamoto‟s (1953) data in age categories (cm) 
 

 21 to 25 26 to 30 31 to 40 41 to 50 51 to 77 Total Average Total Average adjusted by vertebral  

length 

Male     n= 3 6 4 2 4   

   11.51   11.59   10.77   11.24    11.11 11.142 10.5916 

Female n= 6 1 3 4    

      12.06   10.71      9.05    10.38 --- 10.493    9.5246 

     

* The intervertebral disc height refers to the disc superior to the vertebral body (e.g., C3 

IVDH indicates the disc height between C2 and C3). 

 

 

 

Table 3.4 Comparison of intervertebral disk height (IVDH) estimates 

 

 Male Mean                           
            (cm) 

Female  Mean               
                (cm) 

Bannister et al.‟s (1995) method of estimation of IVDH 10.735 10.027 
Fully‟s (1956) correction factor (including cartilage and       
soft tissue from other joints and skin thickness) 

10.026 9.2* 

Nakamoto‟s (1953) IVDH adjustment of total vertebral    
height from UCSM and UJSM 

10.592 9.535 

                                                                    

 * Female values are 92% of male values as suggested by Dwight (1879) 

 

 

 

 

 

Table 3.5 Descriptive statistics of estimated IVDH in methods from Bannister et al. 

(1995), Fully (1956), and Nakamoto (1953) 

 
  n= mean Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

Male Bannister et 

al.(1995) 

76 10.735 0.530 0.061 10.614 10.856 9.448 12.263 

 Fully (1956) 76 10.026 0.112 0.013 10.001 10.052 10.000 10.500 

 Nakamoto 

(1953) 

76 10.592 0.628 0.072 10.448 10.735 9.125 12.009 

 Total 238 10.451 0.567 0.038 10.377 10.525 9.125 12.263 

Female Bannister et al. 

(1995) 

36 10.027 0.538 0.090 9.845 10.209 9.245 11.723 

 Fully (1956) 36 9.200 0.000 0.000 9.200 9.200 9.200   9.200 

 Nakamoto 

(1953) 

36 9.535 0.960 0.160 9.210 9.859 8.507 11.768 

 Total 108 9.587 0.716 0.069 9.451 9.724 8.507 11.768 
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Table 3.6. Result of ANOVA test of IDVH estimates 

 Sum of Squares df Mean Square F Sig. 

Male               Between Groups 21.340 2 10.670 46.599 0.000 

                       Within Groups 51.520 225 0.229   

                       Total 72.860 227    

Female           Between Groups 12.469 2 6.235 15.447 0.000 

                       Within Groups 42.379  105 0.404   

                       Total 54.848 107    

 

 

Table 3.7.  Post hoc Analysis: Tukey‟s multiple comparisons 

 

Sex1: Male      Sex 2: Female 
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Figure 3.3. Mean comparison of IVDH in male used by values of Bannister 

et al. (1995), Fully (1956), and Nakamoto (1953) 

 

 

 

Figure 3.4. Mean comparison of IVDH in female used by values of 

Bannister et al.(1995), Fully (1956), and Nakamoto (1953) 
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The height of the first sacral body: unreconstructed vs. reconstructed pelves 

The method used by Raxter et al. (2006) to estimate stature includes the height of first 

sacral body. In the present study, instead of using the height of the first sacral body, the 

height from the anterior edge of the promontory to the superior margin of the acetabulum 

and the gap between the first transverse line of the sacrum to the superior margin of the 

acetabulum were used. The information in Tables 3.8 and 3.9 demonstrate how 

inaccurate measurements are if the sacrum is not articulated with the os coxae and 

anatomically reconstructed. 

 

Table 3.8. Paired sample statistics : without vs. with reconstructed pelvis 

 

 

Table 3.9. Paired samples t-tests without vs. with reconstructed pelvis 

 

 

The paired-sample t-test results indicate that there are significant differences in S1 

heights in males and females between samples that use unreconstructed pelves and those 

that use reconstructed pelves. These discrepancies derive, in part, from the ambiguity of 

determining the correct angle of the anatomical position of the sacrum, which is not 

described in sufficient detail in Fully (1956) or Raxter et al. (2006). 

Because Raxter et al. (2006) combined males and females, while in the present study 

males and females are kept separate, the contribution of sex cannot be compared directly. 

A gap of 3.89 cm in males and 4.23 cm in females between the first transverse line of the 
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sacrum to the superior margin of the acetabulum (Table 3.28) was observed in this study. 

Raxter et al. (2006) attempted to account for this gap, however it is unclear which 

procedure for reconstruction of the pelvis was utilized. Furthermore, these researchers did 

not systematically employ a new measurement, but instead introduced a correction factor 

based on a subsample of their dataset to compensate for the gap. Since the purpose of the 

anatomical method of stature estimation is to individualize the deceased person‟s stature, 

a more direct method is to base the correction factor on individual skeletal elements 

rather use coefficients and equations that are indirectly calculated.  

  

Joint cartilage and soft tissue thickness 

    Dwight (1894) estimated the average total joint cartilage and soft tissue thickness in 

his sample to be 3.2 cm, which is identical to the value reported by Raxter et al. (2006) 

and is very close to the 3.5 cm average reported by Topinard (c.f. Dwight 1894:295). The 

average total joint cartilage and soft tissue thickness from Saeki (2006) and one measured 

by the author in a recent amputation in Hawai ‘i (specimen provided by Dr. Rona 

Ikehara-Quebral) is 3.15 cm. Since the value from the Japanese sample is close to that of 

Raxter et al. (2006) and Dwight (1894), a correction factor of joint cartilage and soft 

tissue thickness of 3.15 cm was used in the present study.   

 

Comparison of estimated stature by anatomical methods using Nakamoto’s (1953) IVDH 

adjustments, Bannister et al. (1995) IVDH, Fully (1956), and two equations (with age 

and without age) from Raxter et al.(2006) 

 

An ANOVA test was used to evaluate living stature estimated by the anatomical 

method using Nakamoto‟s (1953) IVDH, adjusting for vertebral body heights, Bannister 

et al.‟s (1995) IVDH calculation, Fully‟s (1956) anatomical method, and two of Raxter et 

al.‟s (2006) stature estimation equations. There was a statistically significant difference 

(p < 0.05) between each anatomical method for males: F (4, 375) = 3.343, p < 0.05, and 

for females: F (4, 175) = 2.205, p = 0.07 (Tables 3.10 to 3.12 and Figures 3.13 to 3.16). 

The post hoc results demonstrate differences in the mean values of living stature of 

males estimated using Nakamoto‟s (1953) adjusted IVDH, Bannister et al.‟s (1995) 

IVDH, and two equations from Raxter et al. (2006) are less than 0.5 cm. In females the 
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largest difference (1.3 cm) observed is that found between estimates using the methods of 

Raxter et al. (2006) and Nakamoto (1953).  Although the p-value of the ANOVA test is 

not statistically significant in females, the difference of the mean values between Fully‟s 

(1956) method and the other methods was approximately 3.2 to 4.5 cm.   
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Table 3.10. Comparison of estimated statures using three different IVDH values and two 

Raxter et al. (2006) equations (Sex 1: Male    Sex 2: Female) 

 

 

Table 3.11. ANOVA test results 
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Table 3.12 .  Post hoc test by Tukey HSD (Sex 1: male  Sex 2: female)
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Figure 3.5.  Profile plot: Comparison of estimated statures in males using three different 

IVDH values and two Raxter et al. (2006) equations 
Sex 1: Male    

  

Figure 3.6. Box plot: Comparison of estimated statures in males using three different     

IVDH values and two Raxter et al. (2006) equations 
Sex 1: Male     
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Figure 3.7. Profile plot: Comparison of estimated statures in females using three different 

IVDH values and two Raxter et al. (2006) equations 
Sex 2: Female 

 

Figure 3.8.  Box plot: Comparison of estimated statures in females using three different 

IVDH values and two Raxter et al. (2006) equations 
Sex 2: Female 
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Comparison with other stature estimation equations using Japanese femur length 

(maximum and physiological lengths). 

 

Previous research has demonstrated that the maximum length of the femur is more 

highly correlated with stature than is the physiological length of the femur.  In order to 

compare results that estimate stature used in the present study with Trotter and Gleser‟s 

stature estimation equations, an age correction factor (0.6 cm /decade) was applied.  The 

use of this prediction value is again based on the premise that long bone lengths remain 

the same throughout life, while the decrease in stature is actually linked to the 

morphological changes caused by normal vertebral and soft tissue degeneration. 

Therefore, the results from other researchers‟ equations are used as references, because 

the equations used in these studies do not adjust for young adult heights (Table 3.13 and 

Appendix B).   

 Table 3.13. Comparison with current stature estimation equations (male) 

Researchers Stature estimation equations SEE (±) 

Present study (Living stature is constructed using 

Nakamoto‟s (1953) IVDH 

LS = 2.664 (FMAX) + 46.126 2.816 

Present study (Living stature is constructed using 

Nakamoto‟s (1953) IVDH 

LS = 2.665 (FPL) + 46.645 2.751 

Present study (Stature is constructed using IVDH estimation 

from Bannister et al.(1995) 

LS= 2.679 (FMAX) + 45.629 2.812 

Present study (Stature is constructed using IVDH estimation 

from Bannister et al.(1995) 
LS=  2.681(FPL) + 46.133 2.744 

Fujii (1956) LS=  2.5 (FMAX) + 53.56 not 

reported 

Fujii (1956) LS = 2.29 (FPL) + 63.609 not 

reported 

Trotter and Gleser (1970)  Asian American  LS = 2.15 (FMAX) + 75.57 3.80 

Trotter and Gleser (1970)  European American LS = 2.38 (FMAX) + 61.41 2.50 

Trotter and Gleser (1970)   

African American  

LS = 2.11 (FMAX) + 70.35 3.94 

Trotter and Gleser (1970)   

Mexican American 

LS = 2.44 (FMAX) + 58.67 2.99 

Pearson (1899) LS = 1.88 (FMAX) + 82.5661 
2.174/  

Sjøvold (1990) LS = 2.63 (FMAX) + 49.96 4.52 

Sjøvold (1990) LS = 3.10 (FPL) + 28.82 3.85 

Stevenson (1929) LS = 2.4378 (FMAX) + 61.7207 2.1756 

Hasegawa (2009) LS = 2.42 (FMAX) + 63.32 2.73 

Sangvichien (1984) LS = 2.6724(FPL) + 47.8236 4.0623 

Houghton (1996) LS = [2.137(FMAX)] – 5.184 + 

83.07 

1.57 

Choi et al. (1997) LS = 2.93(FMAX) + 36.88 3.22 
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The results of ANOVA (Appendix B) in males indicate that Fujii‟s (1960) equations 

using the maximum length of the femur and physiological length of the femur, an 

equation from Trotter (1970) using the maximum length of the femur from African 

American samples, three equations from Sjøvold (1990) using the maximum length of the 

femur, physiological length of the femur, and physiological length of the tibia, an 

equation from Stevenson (1929) using the physiological length of the tibia from Chinese 

samples, Sangvichien (1984)‟s equation using the physiological length of the femur from 

Thai and Chinese samples, and Choi et al. (1997)‟s  equation using the maximum length 

of the femur from Korean samples are not statistically significant.  It is assumed that 

Fujii‟s samples are contemporary in age (birth dates from the 1890s to around 1944) with 

those from the UCSM (birth dates from 1858 and 1919) and UJSM (birth dates from 

1894 and 1946) used in this study.     

The largest discrepancies (9.98 cm overestimated) in mean values appear in the 

Houghton‟s equations based on Polynesian Maori.  The Mongoloid equations from 

Trotter (1970), which included Polynesians and mixed Europeans, overestimate stature, 

on average, by 5.2 cm. Chinese stature equations from Stevenson were found to 

overestimate stature by approximately 4 to 6 cm, while Thai equations using the 

maximum length of the femur from Sangvichien overestimate stature by 3.4 cm.   

Hasegawa‟s equations, which used contemporary Japanese, also overestimate UCSM 

and UJSM‟s stature by 7.1 cm, likely reflecting a secular trend. These discrepancies need 

to be further investigated, utilizing identical heights of individuals among each Asian 

group. It may be clarified by plotting crural index or ratios against stature using lengths 

of femora and tibiae. The degrees of the slope of regression lines will appear as the 

groups‟ allometric secular trend in time, age, and sex differences. However, these issues 

fall outside the scope of the present study and will not be discussed further.  

In females, except for Houghton‟s equations that tend to over estimate stature by 8 

cm, the results using equations from Fujii (maximum length of the femur), Trotter 

Mongoloid (maximum length of the femur), Trotter Black (maximum length of the 

femur), Pearson (maximum length of the femur), three Sjøvold equations (maximum 

length of the femur, physiological length of the femur), Hasegawa (maximum length of 

the  femur), and two Sangvichien (maximum length of the femur, physiological length of 
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the femur), were not significantly different.  Although the result was not statistically 

significant, Sasou and Hanihara‟s Japanese female using the major axis regression 

equation, which included Fujii‟s raw data, underestimates stature by approximately 3.25 

cm in the present study.  
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Part II. Regression equations using calcanei and tali 

 

Before stature estimation equations are developed using the calcanei and tali, 

multicollinearity and singularity were examined in order to find the best statistical 

inferences. To be consistent with the study by Holland (1995), the age adjustment for 

stature used in this study is the one from Giles (1991) (Table 3.13- 3.16).  

 

Table 3.14. Descriptive statistics (sex and ancestry are combined)  

 n Minimum Maximum Mean Std.Deviation 

Living stature 380 136.753 190.800 165.194         10.367 

maximum length of calcaneus 

(MCAL*) 
374 5.970 9.328 7.724              0.679 

posterior length of calcaneus 

(PCAL*) 
373 4.140 6.776 5.510              0.574 

maximum length of talus  
(MTAL*) 

376 4.490 7.142 5.775              0.492 

*average value of left and right bones (cm) 

  

 

Table 3.15. Descriptive statistics: separated by sex (ancestries are combined) 

Sex    n Minimum   Maximum    Mean Std. Deviation 

Male Living stature  239 146.078 190.800 168.871 9.258 

 MCAL* 239 6.46 9.328 7.93826 0.631 

 PCAL* 236 4.38 6.776 5.67021 0.518 

 MTAL* 235 4.98 7.142 6.00549 0.400 

Female Living stature  141 136.753 180.000 158.963 9.113 

 MCAL* 138 5.970 8.781 7.35798 0.597 

 PCAL* 139 4.140 6.388 5.24073 0.474 

 MTAL* 141 4.490 6.265 5.39043 0.378 

*average value of left and right bones (cm) 
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Table 3.16. Descriptive statistics: separated by ancestry (sex is combined) 

Ancestry   n Minimum Maximum    Mean Std.Deviation 

Japanese Living stature  100 136.753 177.375 155.995 7.958 

 MCAL* 100 5.970 8.170 7.046 0.451 

 PCAL* 98 4.140 5.770 4.933 0.348 

 MTAL* 100 4.490 6.260 5.453 0.377 

African American Living stature  143 140.550 190.800 169.848 9.064 

 MCAL* 139 6.462 9.328 8.032 0.585 

 PCAL* 140 4.744 6.776 5.795 0.466 

 MTAL* 142 4.730 6.795 5.871 0.504 

European American Living stature  137 138.200 188.700 167.051 8.896 

 MCAL* 135 6.630 9.153 7.909 0.551 

 PCAL* 135 4.575 6.415 5.634 0.402 

 MTAL* 134 4.493 7.142 5.913 0.447 

*average value of left and right bones (cm) 
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Table 3.17.  Descriptive statistics: separated by ancestry and sex   

Ancestry Sex   n Minimum Maximum Mean Std. Deviation 

Japanese Male Living Stature 69 146.078 177.375 158.77585 6.335079 

  MCAL* 69 6.460 8.170 7.22014 0.373873 

  PCAL* 67 4.380 5.770 5.05134 0.315834 

  MTAL* 69 4.980 6.260 5.61739 0.281486 

 Female Living Stature 31 136.753 171.401 149.80513 7.786308 

  MCAL* 31 5.970 7.490 6.65871 0.358243 

  PCAL* 31 4.140 5.190 4.67806 0.271887 

  MTAL* 31 4.490 5.820 5.08613 0.296802 

African 

American 

Male Living Stature 85 160.300 190.800 174.65847 6.568021 

  MCAL* 84 7.077 9.328 8.31185 0.443539 

  PCAL* 84 5.127 6.776 6.02804 0.324140 

  MTAL* 84 5.145 6.795 6.18527 0.322039 

 Female Living 

Stature 

58 140.500 180.000 162.79914 7.484529 

  MCAL* 55 6.462 8.781 7.60473 0.514424 

  PCAL* 56 4.744 6.388 5.44459 0.426779 

  MTAL* 58 4.730 6.162 5.41629 0.347560 

European  

American 

Male Living Stature 85 154.700 188.700 171.27706 6.613406 

  MCAL* 83 7.040 9.153 8.15717 0.448861 

  PCAL* 83 5.037 6.415 5.80764 0.336075 

  MTAL* 82 5.308 7.142 6.14789 0.325495 

 Female Living Stature 52 138.200 177.200 160.14288 7.781884 

  MCAL* 52 6.630 8.395 7.51387 0.463317 

  PCAL* 52 4.575 6.041 5.35663 0.341167 

  MTAL* 52 4.493 6.265 5.54300 0.354413 

*average value of left and right bones (cm) 
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Table 3.18   Pearson correlation: variables of MCAL, PCAL and MTAL 

  LivingStature¹ MCAL PCAL MTAL 

LivingStature¹ Pearson Correlation 1 .844(**) .849(**) .772(**) 

  Sig. (2-tailed)  .000 .000 .000 

  n= 380 374 373 376 

MCAL Pearson Correlation .844(**) 1 .935(**) .792(**) 

  Sig. (2-tailed) .000  .000 .000 

  n= 374 374 372 370 

PCAL Pearson Correlation .849(**) .935(**) 1 .749(**) 

  Sig. (2-tailed) .000 .000  .000 

  n= 373 372 373 369 

MTAL Pearson Correlation .772(**) .792(**) .749(**) 1 

  Sig. (2-tailed) .000 .000 .000  

  n= 376 370 369 376 

 ¹Living stature adjusted by Giles (1991) correction table 

 ** Correlation is significant at the 0.01 level (2-tailed). 

  

Pearson‟s results exhibit a high correlation among average maximum length 

(MCAL) and posterior length of the calcaneus (PCAL), and maximum length of the talus 

(MTAL).  Therefore, the three variables were combined (summed) to avoid the effect of 

multicollinearity (Adams and Byrd, 2008). 

Next, Mahalonobis‟ distance was calculated to examine multivariate normality 

(Table 3.19).  By comparing the value of Mahalonobis‟ distance and a centroid, a mean 

stature and combined value of MCAL, PCAL and MTAL were created, which can predict 

how many cases will be outliers.  Seven cases were removed from the original data set 

until the maximum value of Mahalanobis‟ distance became less than the critical value of 

chi-square (13.82). Thus, the assumption of normality was met and further regression 

analyses were conducted. 
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Assessment of effect of sex and ancestry on stature 

Before developing regression equations for determining stature from calcanei and 

tali using Japanese, African American, and European American samples, the following 

questions were addressed:   

 Are there differences in the mean values of stature and the combined 

maximum length of calcaneus (MCAL), posterior length of calcaneus 

(PCAL), and maximum length of talus (MTAL) in all three groups 

varying for sex and/or ancestry, and is there a significant interaction 

between gender and ancestry? Another way to ask this question: Do the 

“effects” of sex on ancestry vary depending on the level of values of 

stature and MCAL+PCAL+MTAL? 

In order to explore the impacts of sex and ancestry (e.g., Japanese, European 

American and African American) on stature and the combined measurements 

(MCAL+PCAL+MTAL), a multivariate analysis of variance (MANOVA) was conducted 

(Tables 3.19 - 3.23).  

 

Table 3.19. Multivariate normality test  

 

Residuals Statistics(a) 

 

  Minimum Maximum Mean Std. Deviation N 

Predicted Value 3399.50 19763.35 12183.79 3331.857 368 

Std. Predicted Value -2.636 2.275 .000 1.000 368 

Standard Error of 
Predicted Value 361.005 1181.744 598.551 166.739 368 

Adjusted Predicted Value 3328.43 19918.20 12189.30 3334.864 368 

Residual -
13396.608 

16666
.139 

.000 6862.215 368 

Std. Residual -1.947 2.422 .000 .997 368 

Stud. Residual -1.950 2.448 .000 1.001 368 

Deleted Residual -
13438.704 

17020.203 -5.513 6917.624 368 

Stud. Deleted Residual -1.958 2.465 .000 1.003 368 

Mahal. Distance .013 9.827 1.995 1.751 368 

Cook's Distance .000 .042 .003 .004 368 

Centered Leverage Value .000 .027 .005 .005 368 

a Dependent Variable: ID 
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Table 3.20.  Descriptive statistics of stature and summed lengths of MCAL, PCAL and 

MTAL [stature is adjusted by Giles (1991) correction factor]  

 

 

Table 3.21. Test of equality of covariance matrices 

Box's M 17.727 
F 1.163 
df1 15 
df2 245006.589 
Sig. .293 

    
Tests the null hypothesis that the observed covariance matrices of the dependent variables are equal across groups. 

a Design: Intercept+Sex+Ancestry+Sex * Ancestry 

 

 

The results presented in Table 3.22 indicate that the main effect of strength of 

association with regard to sex is statistically significant: Wilks‟ Λ = 0.589, F= (2, 361) = 

136.964, p<0.001, multivariate η² (partial eta squared) = 0.431.  The main effect of 

strength of association with regard to ancestry also is statistically significant: Wilks‟ Λ = 

0.479, F= (4, 722) = 80.309, p<0.001, multivariate η² (partial eta squared) = 0.301. The 

interaction of sex and ancestry is not significant; only 0.9% [multivariate η² (partial eta 
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squared) = 0.009) of variance is explained by sex and ancestry. These results suggest that 

the linear composite of stature and combined lengths of MCAL, PCAL, and MTAL differ 

for males and females, and also differ for ancestral groups.   

 

Table 3.22.  Multivariate tests from GLM two-factor multivariate analysis of variance  
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Table 3.23. Test of Between-Subject Effects from GLM Two-Factor Multivariate  

Analysis of Variance  

 

 

  

The profile plots in Figures 3.16 and 3.17 show that the lines are almost perfectly 

parallel in stature and slightly less parallel in value of MCAL+PCAL+MTAL. This result 

indicates that stature of both Japanese males and females are the smallest among the three 

groups, while the value of MCAL+PCAL+MTAL of European American males and 

females is slightly lower than that of African Americans. In contrast to males, African 

American females show more similarity to European American females. In other words, 

people, regardless of sex and ancestry, who have the smaller tarsal bones have shorter 

statures while people with larger tarsal bones have taller statures.  
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Figure 3.9. Estimated marginal means of stature adjusted by Giles (1991) 

 

 

Figure 3.10. Estimated marginal means of combined measurements of maximum 

length of calcaneus, posterior length of calcaneus and maximum length of talus 
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Table 3.24.  Means and standard deviations for stature and combines values of MCAL, 

PCAL and MTAL as a function of sex and ancestry 

 

Group n Stature MCAL+PCAL+MTAL 

M SD M SD 

Japanese      

Males 67 157.27 6.10 17.86 0.82 

Females 31 148.01 7.84 16.42 0.87 

African American      

Males 83 174.60 6.63 20.52 0.94 

Females 55 163.09 7.54 18.48 1.18 

European American      

Males 80 171.27 6.40 20.10 1.04 

Females 52 158.59 7.78 18.41 1.29 

 

 

 

Table 3.25 (ANOVA-tests) also shows that effects of both stature and combined 

lengths of MCAL, PCAL, and MTAL were significant for both male and female and 

three different ancestry groups.  Males have taller stature and greater combined lengths of 

MCAL, PCAL and MTAL.  Further, African Americans have the tallest stature and 

greatest combined lengths of MCAL, PCAL, and MTAL.   

 

 

Table 3.25.  Effects of sex and ancestry on stature and combined values of MCAL, PCAL 

and MTAL 
 

Source Dependent variable df MS F η² (partial 

eta squared) 

p 

Sex Stature 1 9323.431 195.042 .350 .001 

 MCAL+PCAL+MTAL 1 243.433 257.282 .415 .001 

Ancestry Stature 2 7189.526 150.401 .454 .001 

 MCAL+PCAL+MTAL 2 161.681 170.879 .486 .001 

Sex*ancestry Stature 2 35.174 .736 .004 .480 

 MCAL+PCAL+MTAL 2 2.482 2.624 .014 .074 

Error Stature 362 47.802    

 MCAL+PCAL+MTAL 362 .946    



65 

 

Stature estimation regression lines from summed values of MCAL, PCAL, and MTAL 

Very closely parallel regression lines in Figures 3.18 to 3.20 illustrate a relative linear 

(opposed to allometric) relationship between stature and the combined measurements of 

calcanei and tali, regardless of ancestry and sex differences. This relative linear 

relationship was indicated by Holland (1995) and the reason that he felt that it may not be 

necessary to make stature estimate equations using calcaneus and talus specific for 

African Americans and European Americans and both sexes. It also suggests that shorter 

individuals, no matter the differences between sex and ancestry, have short calcanei and 

tali, and taller individuals have longer calcanei and tali. 

 

Figure 3.11.  Linear regression lines separated by ancestry 
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Figure 3.12. Linear regression lines separated by sex 

 

 

Figure 3.13. Linear regression lines combined by sex and ancestry 
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Residual analyses 

The plots in Figure 3.21 show the residuals for each separate group, based on the 

model for all three groups combined and those standardized measurements. The 

distributions of points in all cases appear random, which means that the general model 

(all groups combined) performs equally well for all Japanese, African American, and 

European American groups. There is, therefore, no benefit to using models calculated 

from the specific groups. A comparison of equations from both linear and natural log and 

other combinations of the measurements when there is only the calcaneus or talus is 

presented in Table 3.26. 

 

           
Figure 3.14. Residual plots: based on equation of 

LS (living stature) = 5.826* (MCAL+PCAL+MTAL) + 54.062 (SEE 5.2385) 
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Table 3.26. Comparison of linear least square regression equations and natural log 

models 
 

Group Bones Equations SEE R R² n 

All groups 

 

MCAL,  

PCAL, 

MTAL 

LS (living stature) =5.826* 

(MCAL+PCAL+MTAL)+ 54.062 

 

5.239 0.874 0.763 368 

All groups 

ln (natural 

log) 

MCAL,  

PCAL, 

MTAL 

LS= [109.274* ln (MCAL+PCAL+MTAL)] 

– 156.603 

5.220 0.877 0.769 368 

All groups 

 

MCAL, 

PCAL 

LS= 7.716 * (MCAL+PCAL)+ 62.704 

 

 

5.519 0.860 0.740 372 

All groups 

ln (natural 

log) 

MCAL, 

PCAL 

LS= [100.771* ln (MCAL+PCAL)] – 95.023 5.499 0.861 0.741 372 

All groups 

 

MCAL, 

MTAL 

LS= 8.350* (MCAL+MTAL)+ 52.063 

 

 

5.527 0.858 0.736 370 

All groups 

ln (natural 

log) 

MCAL, 

MTAL 

LS= [111.352* ln (MCAL+MTAL)] – 

124.643 

5.507 0.859 0.738 370 

All groups 

 

PCAL, 

MTAL 

LS= 9.696* (PCAL+MTAL)+ 55.360 

 

 

5.297 0.870 0.758 369 

All groups 

ln (natural 

log) 

PCAL, 

MTAL 

LS = [107.993*(PCAL+MTAL)] – 96.542 5.283 0.871 0.759 369 

All groups 

 

MCAL LS = 13.428* (MCAL) + 61.116 

 

 

5.789 0.844 0.713 374 

All groups 

ln (natural 

log) 

MCAL LS = [102.645* ln (MCAL)] – 44.607 5.757 0.846 0.716 374 

All groups 

 

PCAL LS = 16.858* (PCAL) + 71.924 

 

 

5.715 0.849 0.720 373 

All groups 

ln (natural 

log) 

PCAL LS = [91.480 * ln ( PCAL)] + 9.150 5.704 0.849 0.721 373 

All groups 

 

MTAL LS = 16.799* (MTAL)+ 67.698 

 

 

6.814 0.772 0.596 376 

All groups 

ln (natural 

log) 

MTAL LS = [95.865* ln (MTAL)] – 3.038 6.804 0.773 0.597 377 
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A comparison of stature estimation equations from the present study with Holland’s 

(1995) equations using the calcaneus and talus 

 

Holland (1995) formulated both univariate and multivariate regression equations 

for African American and European American groups using separate (uncombined) 

individual variables of bone measurements (not combined as in this study). In order to 

assess the compatibility of these equations, White or Black (sex unknown) (Holland 

1995: 318), with those based on the three groups combined (sex unknown) in this study, a 

comparison was made (Table 3.27).  The results of the ANOVA (Table 3.28 and 3.29) 

indicate that there is no statistically significant difference in living/cadaver stature as 

recorded by Holland (1995), Byrd (2003), and Emanovsy (2009), (M= 169.04 SD= 

6.564) or from “All three groups combined (Sex Unknown)” (ibid) estimated stature from 

MCAL + PCAL + MTAL, (M= 168.08, SD= 7.997), p=0.201.  The mean difference was 

0.4 cm with a 95% confidence interval ranging from - 0.214 to 1.012.   

 

Table 3.27. Comparison of living/cadaver statures, results from equations from this study 

and Holland‟s (1995) three unknown sex and ancestry 

 

 
 
 
 

Table 3.28. ANOVA test 
  

EstimatedStature  

  Sum of Squares df Mean Square F Sig. 

Between Groups        1829.887 4 457.472 5.564 .000 

Within Groups      153426.612 1866 82.222     

Total 155256.499 1870       
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Table 3.29. Post hoc multiple comparisons by Bonferroni test 
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Control sample analyses 

Figure 3.22 and 3.23 present the mean differences from control samples which 

were set aside from Japanese, Holland (1995), Byrd (2003), and Emanovsky (2009) data. 

Twenty-eight samples are from the UCSM and UJSM Hamann-Todd skeletal collection 

and one sample is from the Korean War, held in the Joint POW/MIA Accounting 

Command Central Identification Laboratory (Table 3.30).  

There were no statistically significant differences from this study and the Holland 

equations from maximum length of calcanei, and posterior a length of calcanei: F (4, 28) 

= 0.76 at the level of p = 0.55.  Holland‟s (1995) equation, using PCAL, underestimates 

living stature by less than 1 cm: 0.51 cm while the equation used in this study also 

underestimates stature by less than 1 cm: 0.63 cm, a difference of only 0.12 cm.  

Therefore, these two equations are compatible for three different ancestral groups of 

European Americans, African Americans, and Japanese.  Holland‟s (1995) equation 

using MTAL overestimates 3.17 cm from living stature. 
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Source     DF       SS    MS     F      P 

Equation    4    288.6  72.1  0.76  0.555 

Error     135  12863.6  95.3 

Total     139  13152.2 

 

S = 9.761   R-Sq = 2.19%   R-Sq(adj) = 0.00% 

 

 

                                   Individual 95% CIs For Mean Based on 

                                   Pooled StDev 

Level            N    Mean  StDev  --------+---------+---------+---------+- 

This study      28  163.33  10.24  (-----------*------------) 

Holland MCAL    28  165.34   7.98         (-----------*-----------) 

Holland MTAL    28  167.13   8.19               (-----------*-----------) 

Holland PCAL    28  163.45   9.47   (-----------*-----------) 

Living Stature  28  163.96  12.30    (------------*-----------) 

                                   --------+---------+---------+---------+- 

                                       162.0     165.0     168.0     171.0 

 

Pooled StDev = 9.76 

Figure 3.15. ANOVA test: comparison of mean living/cadaver stature with results 

from this study, and three Holland‟s unknown sex and ancestry equations using 

Minitab 15.0 
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Table 3.30. Description of control samples 

  Male Female 

Japanese 
 

UCSM  2 

UJSM 5 2 

African American Hamann-Todd 6 3 
European American Hamann-Todd 5 4 
European American JPAC/CIL 1  

Total  17 11 

 

 

 

 
              (cm) 

 

Figure 3.15. Profile plot of estimated marginal means of living/cadaver stature from this 

study and Holland‟s (1995) equations (three unknown sex and ancestry)  
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Chapter IV. Discussion 

 

The nature of the anatomical method of stature estimation 

 

The advantage of estimating stature using the anatomical method can be 

compared to a suit made-to-order. The tailor (anthropologist) measures the customer‟s 

(deceased person) torso (vertebral length) and leg (femur, tibia, articulated calcaneus, and 

talus) length to make a specifically fitted suit (stature) for his/her body. This method 

corresponds to an individualization of stature in a biological profile of anthropological 

report, as opposed to regression equations(a more generalized method of estimating 

stature akin to a ready-made suit off the rack), which will have greater inherent error. 

Furthermore, the anatomical method does not require an estimation of preliminary 

assessment of sex and ancestry, and the method consists of the simple sum of the 

measurements of each bone, without inclusion of coefficient and intercept. 

In this section, the reliability of Fully‟s (1956) correction factor is discussed by IVDH 

measurements from Nakamoto (1953), IVDH calculation from Bannister et al. (1995), 

and the study of spinal curvature from Delmas (1951) and Harrison (1997). Secondly, the 

importance of understanding the anatomical position of the sacrum is demonstrated by 

reconstructing the pelvis, and the importance of a consideration of the gap from the first 

transverse line of the sacrum to the superior margins of the acetabulum is discussed. 

Following this discussion, it will be advanced that the measurement from the anterior 

edge of the promontory to the superior margin of the acetabulum is a more appropriate 

measurement than the measurement of the first sacrum. Thirdly, the thicknesses of joint 

cartilage and soft tissue among Japanese, African American, and European American 

samples are reviewed.  Lastly, the compatibility from the Holland (1995) equations to 

this study will be discussed, including the validation of Holland‟s suggestion that the 

relationship between stature and the lengths of the calcanei and tali may be less affected 

by allometric growth than that of long limb bones irrespective of ancestral group or sex.  
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Assessment of Japanese IDVH in studies by Nakamoto (1953) and Bannister et al. 

(1995) 

 

The means of Japanese stature estimated by this study and the results from Raxter et 

al.‟s (2006) two equations are very similar (Table 3.1). However, the stature calculated 

with Fully‟s correction factors (including the IVDH and thickness of joint cartilage and 

soft tissue) relative to the total skeleton height exhibits a much lower value (Tables 3.4 to 

3.7, and Figures 3.12 and 3.13). This suggests that Fully‟s correction factors only 

estimate the height of the intervertebral disc height. Further investigation is needed to 

determine if there is a correlation between this lower value and whether young French 

males during World War II may have had lower intervertebral disc heights compared to 

the Japanese, Africans, and European Americans in the late 1800s to early 1900s.    

      The IVDH results in males and females in the Nakamoto (1953) samples, aged 31 to 

40 years, were lower than their older counterparts. This is an unexpected result, compared 

to the stature correction factors for African and European American samples (Trotter and 

Gleser 1951a, Galloway 1990, Giles 1995). Nakamoto (1953) does not mention this 

lower than expected value in the age group, 31 to 40 years. Given that Nakamoto‟s  

sample was collected during the early 1900s, an era when industrialization was underway 

following the opening of Japan beginning with the Convention of Kanagawa in 1854, it is 

very likely that infectious diseases were beginning to spread quickly in urban areas of the 

country. This would have been especially prevalent among lower socioeconomic 

communities residing in the tenement districts. The males in the 31 to 40 year age group 

may have been pressured into becoming the bread-winners of the family, often requiring 

them to be employed in physically demanding occupations more than their older male 

counterparts. Likewise, given the government‟s financial incentives for women to give 

birth to male babies who would one day serve in the nation‟s military establishment, it is 

speculated that childbirth was on the rise. During this period, it was normal for mothers 

to carry their babies on their backs for long periods while doing house work and other 

daily activities. Although the Health Insurance Act of 1922 and the Social Insurance 

system enacted in 1927 following the German and English welfare systems, the 

individuals in the 31 to 40 year age category, which comprise Nakamoto‟s (1953) 

samples who ended up in the anatomy collections of the medical school, may be the 
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individuals who could not afford access to the welfare and held jobs that were physically 

demanding. There may be several possible explanations for the low values of IVDH in 

this age category.  Until other skeletal series are examined, however, Nakamoto‟s 

samples remain an important reference point. 

Fully‟s correction factor seems to be the most underestimated, in contrast to the 

method described in Bannister et al. (1995) and the measurements from Nakamoto (1953), 

despite the fact that each of Fully‟s correction factors included joint cartilage and soft 

tissue thickness from young adult males. Although Nakamoto‟s study was specific to the 

Japanese, the small sample sizes and lack of background information on the individuals 

(i.e., stature and health records, cultural and historical information) may explain the lower 

values of IVDH found among the 31 to 40 year old individuals. It is also possible that 

these individuals may have had shorter stature and shorter total vertebral heights, which 

are correlated with the heights of intervertebral discs. Therefore, this issue must be 

further investigated, along the lines of Byers‟ (2005:258) statement: “….Also although 

Fully developed this method using White males from France, it is probably directly 

applicable to Blacks, Asians, and Hispanics, because soft tissue differences between 

ancestral groups probably are minimal (although this has yet to be proved).” 

 

Spinal Curvature 

 

Failure to adjust for spinal curvature is one weaknesses of the Fully method. Taking 

the sum of the 24 vertebral heights is equivalent to stacking 24 blocks of an oval shaped 

column, a procedure that does not consider the effects of the non-parallel or irregular 

shapes of the vertebral bodies, spinal curvature, and degeneration due to aging (i.e., the 

loss of trabecular bone). Although the application of Delmas‟ Index and Harrison‟s 

(2010) calculation of spinal curvature (Figure 2.7 and 2.8) purportedly increase accuracy, 

refinement of the method to measure the total height of the spinal column as one curved 

line, regarding of the individual‟s unique spinal configuration, is needed.  

Taking measurements (Figures 4.1 and 4.2) of total vertebral height in the articulated 

position is challenging work when lacking intervertebral disc configurations. Using an 

anthropometer, this researcher also attempted to measure the total vertebral height by 
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aligning all the vertebral bodies articulated in a Styrofoam Spine Tray (Mann 2009) at the 

Joint POW/MIA Central Identification Laboratory.  

  

 

Figure 4.1. Styrofoam© Spine Tray (from Mann 2009:1229). 

 

 

Figure 4.2. Measurement of total vertebral height aligning all vertebral bodies 

                         using an anthropometer.  

 

However, because of the irregularity in the morphology of the vertebral bodies, using 

an anthropometer with this horizontally aligned spine led to difficulty in obtaining a 

repeatable measurement. If the Styrofoam© plate could be vertically set and conformed 

to the natural curvature of the spine, stability may have been achieved. Therefore, until a 

better measurement technique and properly designed instrument become available, it was 

decided to measure each vertebral body‟s height and use the sum of these measurements 

to calculate IVDH adjusting for spinal curvature using Delmas‟ Index. Measuring each 

vertebral body provides many opportunities for other studies of ancestral and sex 

differences, relative not only to stature (Fully and Pineau, 1960; Jason and Taylor, 1995) 

but also other long limb bones. For example, the mean of Japanese lumbar body height 

against total skeletal height may be different from that for African and European 
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Americans as well as other Asian groups. Also, the total thoracic vertebral heights of 

African Americans may be shorter than those of European Americans relative to total 

vertebral lengths. 

 

Assessment of the length of the body of first sacrum 

 

Manually holding the sacrum, the average length of the first segment of the sacral 

body using Fully‟s method was determined to be 2.98 cm in males and 2.86 cm in 

females (Table 3.1). However, after reconstructing the pelvis, the height of the sacrum in 

anatomical position was found to be 1.26 cm in males and 1.24 cm in females. Therefore, 

the average difference between the results using Fully‟s described method and those 

obtained in this study was 1.72 cm in males and 1.62 cm in females. The height of a right 

triangle in Figures 2.5a and 2.5b explains these results.  

If the sacrum and left and right os coxae are available, the pelvis should be 

reconstructed and placed in anatomical position. If one os coxae is missing, this 

approximation can be made, aided by a second researcher, by drawing a perpendicular 

line across the anterior superior iliac spine and superior pubic tubercle. Alternatively, it 

can be measured using a digitizer to calculate the height of the triangle by setting 

landmarks on the anterior edge of the promontory, left superior edge of the acetabulum, 

and the right superior edge of the acetabulum (Figure 4.3). 
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Figure 4.3. Height of gap between the anterior edge of the promontory to the superior 

margin of the acetabulum calculated by a digitizer. 

 

The gap between the first transverse lines of sacrum to the superior margin of the 

acetabulum shows a difference between males and females in the Japanese samples 

(Table 3.1). Except for the size of this gap in males, all other bone measurements reveal 

that the males have greater values, while the actual S1 height is higher in males. This 

indicates that the sacrum of Japanese males may either be more angled posteriorly or 

shorter than that of Japanese females, whereas the sacrum of Japanese females maybe 

more vertically placed despite the total length of sacrum being similar or shorter in males. 

These results contradict Krogman‟s (1962) distinction of sacrum morphology between 

males and females (see footnote 5 in Chapter I). Since the morphology of Japanese sacra 

are different from Krogman‟s (1962) samples, group and sex variation within/among 

different ancestral groups also needs to be investigated further.  

The average of the length of the medial malleolus in the samples from the UCSM 

and UJSM was found to be 1.40 cm in males and 1.31 cm in females (the average of 

males and females is 1.355 cm). The average length of the medial malleolus from Raxter 

et al.‟s (2006) sample was 1.50 cm, 0.145 cm greater than the value found in this study. 

Although the length of the medial malleolus does not contribute to stature, Fully included 

the medial malleolus, but overlooked the gap between the first transverse line of the 

sacrum and the superior margin of the acetabulum. The results from this study suggest 
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that the gap between the first transverse line to the superior margin of the acetabulum is 

significant, even after subtracting the malleolus length. Moreover, since the total 

correction factor of Fully included soft tissue, it results in a greater underestimation of 

stature.  

 

Fully ‟s description of measurement of the first sacrum:  

“La hauteuer de la première vertèbre sacrée.  Nous avons en effet constaté que 

l‟interligne articulaire antérieur entre la première sacrée et la deuxième se trauvait 

pratiquement dans le même plan horizontal que l‟extrémité supérieure de la tête du 

femur place dans la cavité cotyloïde. 

Il convient de vérifler toujours si cette correspondance est exacte et 

éventuellement, dans certains cas rares, de faire la correction de l‟erreur : c‟est 

pouquoi nous avons individualisé cette mesure.  Mais en pratique, on peut tout aussi 

bien mesurer la colonne vértebrale, de la manière que nous venons d‟indiquer, de 

l‟axix à la première vertèbre sacrée incluse.” 

 

“ we have noted that the anterior joint space between the first and second sacral vertebrae 

is found practically in the same horizontal plane as the most superior point on the femoral 

head when it is placed in the acetabulum” (Fully, 1956: 269 translated by Brown, C. and 

Guyomarc‟h, P. pers. comm..). The results from this study also reveal an underestimation 

of the living stature (Figure 3.14, to 3.16) which is also argued by Raxter et al. (2006) 

and Bidmos (2005). Bidmos and Asala (2005) followed Fully‟s method while questioning 

Fully‟s measurement of first sacrum. then in Bidmos‟ conclusion, Holland‟s equations 

seem overestimate the stature of South African groups. Given this uncertainty, this 

Bidmos‟ research may be worthwhile to re-estimate the specimen‟s living stature using 

this study‟s method, then re-formulate the regression equations using the calcaneus and 

talus for the South African skeletal collection.  

 

Joint cartilage and soft tissue thicknesses 

 

The average total thickness of articular cartilage in the hip, knee, and talocrural joints 

from Saeki (2006) was half the value found in the study by Raxter et al. (2006) (Table 

3.9). Scalp thickness was 0.1 cm thinner, while the heel skin was 0.45 cm thicker (Saeki 

2006) than reported by Raxter et al. (2006). The differences in total soft tissue and 
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cartilage in joints is 0.5 cm (Saeki [2006] and this study: 3.15 cm; Raxter et al. [2006]: 

3.2 cm). Saeki (2006) notes that the variation in her sample shows scalp thickness to be 

0.2 cm to 0.6 cm and heel thickness to be from 1.4 cm to 2.3 cm. Heel thickness in the 

present study (Mr. Ikehara‟s foot was 1 cm. Therefore, the error in the maximum 

cartilage and soft tissue thicknesses was within 1.5 cm. Saeki (2006) also noted that her 

samples were elderly individuals, which may explain the discrepancy. It is also reported 

that the time of day and body position can cause fluctuation in stature (Hoshi et al. 1991). 

The thickness of cartilage and soft tissues may also be affected by the individual‟s 

body mass, (e.g., heavy weight vs. light weight), occupation (e.g., standing vs. sitting), 

cultural practices (e.g., barefoot vs. shoes), and age. Regarding measurement of scalp 

thickness, research has shown that this can be done successfully with the superimposition 

of an identified missing person‟s facial reconstruction over the skull (Krogman, 1962; 

Ubleaker and O‟Donnell, 1992). 

 

Stature estimation in this study 

  

The ANOVA test (Tables 3.10 to 3.12) indicates that, except for Fully‟s method, 

there is no statistically significant difference in males and females at the p < 0.05 level 

when stature is estimated using Nakamoto‟s (1953) IVDH measurements, Bannister et 

al.‟s (1995) IVDH calculation, and two of Raxter et al.‟s (2006) formulae. A post hoc test 

(Tukey‟s HSD) was used to determine how each method‟s outcome differs from the 

others. Nakamoto‟s IVDH average in male stature was less than 0.5 cm and in female 

stature less than 1.3 cm, compared to the stature estimates that utilized Banister et al.‟s 

(1995) IVDH calculation and two of Raxter et al.‟s (2006) formulae (Table 3.12). In 

contrast, the underestimation resulting from Fully‟s method was approximately 3.0 cm in 

males and 4.0 cm in females. Raxter et al. (2006) found that Fully‟s technique 

underestimated, on average, approximately 2.4 cm of overall stature in both males and 

females.  

This result indicates that stature estimated by Bannister et al.‟s (1995) IVDH and the 

results from two of Raxter et al.‟s (2006) equations demonstrate compatibility regarding 

the average of the results. Statures estimated using Nakamoto‟s (1953) IVDH 
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measurements were also within 0.5 cm to 1.2 cm. However, since the advantage of the 

anatomical method of stature estimation is to estimate the deceased person‟s living height 

as accurately as possible, both estimation of IVDH and adjustment for spinal curvature 

need to be addressed. Most importantly, reconstructing the pelvis is essential in order to 

measure the distance between the superior margin of the anterior promontory to the left 

and right superior margin of the acetabulum. Also, the length of the medial malleolus 

should not be included, and the precision of the measurement of the vertebral column is 

enhanced with an anthropometer or spreading caliper (see Appendix E for a simple 

measurement).  

The reason the procedure adopted in the present study is recommended is that there 

are some differences between samples from the Terry collection, as examined by Raxter 

et al. (2006) and the Japanese samples from the USCM and UJSM. For example, the 

measurement from the first transverse line of the sacrum to the superior margin of the 

acetabulum is 2.27 mm higher in males and 6.25 mm higher in females in the results of 

the present study, compared to European American and African American samples 

(Table 3.1). These differences may also be expanded to a study by Dwight (1894) for 

aiding both sex and ancestry determinations. 

The average lengths of the medial malleolus was 1.0 cm in males and 1.9 cm in 

females in this study, which are lower than the average of the combined male and female 

samples from Raxter et al. (2006). This may be logical if the medial malleolus lengths 

positively correlate with the rest of the tibial length. It may be worthwhile to do a study if 

all skeletal components are available, in which error would be less than 1 cm by using 

this proposed anatomical method. Furthermore, it is important that measurements be 

recorded for all available bone lengths and archived in a database for future studies. 

These data will allow the assignment of an unknown skeleton to a modern human group 

whose body proportions are the best match selecting the smallest variance from ANOVA 

tests (Kouchi 1987:21). 

 

Anatomical method of stature estimation from this study 

 

A summary of the anatomical method of stature estimation obtained in this study is 

presented in Table 4.1. Using one sample, it demonstrates how each measurement is 
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summed and the IVDH estimated using Bannister et al. (1995) and how Delmas‟ (1951) 

Index for the spinal curvature is applied.  

Table 4.1. Calculation of stature using the anatomical method introduced in this study  

 
basion to bregma 13.84* 

C2 ( Atlas) 3.728 

 

 
 

Total height of C2-L5  42.94 + 3.728 = 46.668 

Intervertebral height 10.73 

Total length of vertebra adjustment by Delmas Index (46.668 + 10.73) x 0.95 = 54.5281* 

 

Promontory to superior margin of acetabulum 5.1* 

Physiological length of Femur 41.13* 

Tibia (lateral condyle to articular surface with talus)  31.31* 

Height of articulated calcaneus and talus 7.13* 

Total skeletal height 

 

145.40 

Articular cartilage in hip, knee, and talocrural joints 0.6* 

Scalp 0.4* 

Heel 1.45* 

Odontoid process to Basion 0.7*(Raxter et al. 2006) 

Estimated living stature adding *values of bone and 

soft tissues measurements 

156.188 

           (cm) 
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A new group-generic stature estimation equation from the calcaneus and talus 

  

The stature estimation regression equations from combined measurements from the 

calcaneus and talus are as accurate as Holland‟s (1995) equations (ancestry and sex 

unknown) that use the posterior length of calcaneus. The results of R-squares from 

equations using raw data and the transformed natural log reveal very close concordance 

(Table 3.26). Therefore, the equations constructed from raw data are as accurate as the 

natural log equations, which usually compensate for the overestimated shorter individual 

and underestimated taller individuals. The main effects of ancestry and sex are significant, 

but the interaction between them was minimal (1.4%). This indicates that the relationship 

between stature and tarsals are less affected by allometric growth differences among 

these three different ancestral groups and the sexes.  

The standard error of estimate (SEE) is approximately 5.24 cm. It is compatible with 

Holland‟s (1995) equation constructed from PCAL in “White or Black (Sex Unknown)”: 

SEE = 5.22 cm. The ANOVA using the control samples revealed that the mean difference 

between living stature and the result from Holland‟s (1995) PCAL equation is slightly 

(0.51 cm) underestimated and is similar to this study‟s equation, also slightly 

underestimating (0.63 cm) living stature. This result shows that if there are no skeletal 

remains which can estimate ancestry and sex, this study‟s regression equations may 

useful for estimating the deceased person‟s living stature with a SEE of approximately 

5.24 cm (Figure 3.22).  

 

Conclusion and future study 

 

A more precise method for estimating stature using the anatomical method is 

introduced in this study. The major refinement to this method involves how to calculate 

the spinal curvature, estimate intervertebral disc height, measure the gap between the 

anterior margin of promontory to the superior margin of the acetabulum, and subtracting 

the medial malleolus length from tibial length. As Raxter et al. (2006) and others have 

mentioned, the anatomical method is time-consuming compared to that of mathematical 

methods. However, the use of this anatomical method allows living stature to be recorded 
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in cases where this information is lacking, i.e. large museum collections. This study also 

determined that more research on the intervertebral disc height (IVDH), joint cartilage, 

and soft tissue thicknesses for different groups is needed. 

So far, regarding total correction factors of joint cartilage and soft tissue thickness, 

there does not appear to be significant differences between the three different groups 

(Japanese: 3.15 cm vs. European American and Africans American: 3.0 cm). If there are 

living stature records for skeletal collections, this modified method should be tested using 

larger sample sizes. 

Following this, it is further suggested that skeletal collections from archaeological 

contexts and those that are defined by constricted geographical boundaries be studied, 

given the possibility of different allometric or linear growth rates in such groups. These 

studies should not be limited to “mongoloid,” “negroid” or “caucasoid”.  

As suggested by Holland (1995), the calcaneus and talus have a more linear 

relationship to stature than the long limb bones, which are affected by allometric growth 

across groups and between sexes. This conclusion was confirmed in the present study that 

uses Japanese samples. Therefore, there is no need for specific Japanese regression 

equations for estimating stature from the calcaneus and talus. When long limb bones are 

not available and sex and ancestry are unknown, the calcaneus and talus allow the 

estimation of stature using the combined measurements of Maximum length of calcaneus 

(MCAL), Posterior length of calcaneus (PCAL) and Maximum length of talus (MTAL):  

Living stature = 5.826* (MCAL+PCAL+MTAL) + 54.062 (SEE: 5.2385 cm) 

Other equations from different combinations of measurements are also provided if only 

the calcaneus or talus is available. However, the SEE and R-square will decrease, 

especially when only the talus is used. Therefore, as long as three measurements are 

available, the equation above should be applied to estimation of stature from the 

calcaneus and talus.  
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Appendix A:  
Anatomical method of Saeki (2006), Fully (1956) and Raxter et al. (2006) 

 

 

 

Figure A.1. Jomon male (Tsugumo 3) Saeki (2006:20) 

 

 

Table A.2. Method of Fully (1956) and Raxter et al. (2006) 
 

 Fully (1956)  Raxter et al. (2006: 381-384) 
 Mauthausen concentration 

camp record 

Upright “standing” position 

Materials 102 French males who were 

killed in a German 

concentration camp 

119 adult black and white males and females from Terry 

collection 

29 black females, 25 white females, 33 black males, 32 white 

males. 

Age range 21-85 and average age 54 years. 
     

measurement description 

 

 
Ba-Br: height 

of the 

cranium 

  

 

 

Cranial height: The maximum length 

between bregma (at the confluence of the 

coronal and sagittal sutures) and Basion (at 

the anteroinferior margin of the foramen 

magnum, between the occipital condyles). 

This measurement can be taken with the 

calipers placed either laterally or 

posteriorly, relative to the cranium (M-17) 

(spreading calipers). 

C2-L5: Max. 

Ht. of the 

corpus  

No detailed 

picture 

instruction 

 

 

C2

 
 

 

 

C3-C7 

 
 

 

 

 

Second cervical vertebra : The most 

superior point of the odontoid process 

(dens) to the most inferior point of the 

anteroinferior rim of the vertebral body 

(sliding calipers). 

 

3rd–7th cervical vertebrae: The maximum 

height of the vertebral body, measured in its 

anterior third, medial to the superiorly 

curving edges of the centrum (body) 

(sliding calipers).  
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T 

 
 

 

L 

 
 

Thoracic vertebrae: The maximum height 

of the vertebral body, anterior to the rib 

articular facets and pedicles (sliding 

calipers).  

 

Lumbar vertebrae : The maximum height 

of the vertebral body, anterior to the 

pedicles, not including any swelling of the 

centrum (body) due to the pedicles (sliding 

calipers). 

Ant. Ht. of 1
st
 

sacral 

segment 

No detailed 

instruction 

 

 

First sacral vertebra: The maximum 

height between the anterior-superior rim of 

the body (i.e., the sacral promontory) and its 

point of fusion/articulation with the second 

sacral vertebra. This most commonly occurs 

in the midline. Measure with the calipers 

parallel to the anterior surface of S1 (sliding 

calipers). 
 

Average 

of right 

and left 

 

Phy. L. of 

femur 

 

 

Femoral physiological length: Place the 

condyles on the stationary end of the 

osteometric board, flat against the 

horizontal plane. Set the mobile end against 

the most superior aspect of the femoral 

head, parallel to the stationary end. Measure 

at maximum length (M-2) (osteometric 

board). 

Max L. tibia 

without spine 

include 

malleolus 

Broca 

osteometric 

board: 

includes an 

opening on the 

vertical 

endplate to 

accommodate 

the proximal 

spines. 

 

Tibial length: Place the medial malleolus 

on the stationary end of the osteometric 

board, with the shaft of the tibia parallel to 

the long axis of the board. Set the mobile 

end against the most superior aspect of the 

lateral condyle of the tibia, parallel to the 

stationary end.  

 

Articulated 

Talus and 

calc. from the 

most superior 

point on the 

Talus to the 

most inferior 

point of the 

calc. 

 

No detailed 

instruction 
 

combined 

height of the 

articulated 

Talus and 

calcaneus in 

“physiological 

position” with 

the anterior 

end of the 

calcaneus 

raised up from 

the measuring 

surface. 

Talus-calcaneus height: Articulate the 

talus and the calcaneus, using the right hand 

for the left tarsals and vice versa. Use one 

hand to stabilize the articulation, point the 

distal articulations away from your palm, 

with a thumb holding the bones together 

superior to the peroneal tubercle (where the 

talus and calcaneus meet), an index finger 

on the opposite side lateral to the trochlea of 

the Talus, and a middle finger in the 

sustentacular sulcus. Place the trochlea 

against the stable end of the osteometric 

board, with both lateral and medial edges of 

the trochlea contacting the board. Position 

the trochlea of the Talus so that the stable 

end of the board forms a tangent to the 

midpoint of the trochlear surface. Place the 

mobile end of the osteometric board against 

the most inferior point of the calcaneal 

tuber, parallel to the stable end. 
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Correcti

on 

factors 

(soft 

tissues)  

= or < 153.5 

cm, add 10.0 

cm. 

 

153.6–165.4 

cm, add 10.5 

cm.  

 

= or > 165.5 

cm, add 11.5 

cm. 

 

  Anatomical components of Fully 

technique ‘‘soft-tissue’’ correction factor  

Component Height contribution (cm) 

 

Intervertebral discs¹                              10.1 

Articular cartilage in hip, knee, and  

talocrural joints²                                      1.2                     

Scalp                                                        0.3 

Heel                                                         1.0 

Odontoid process to basion                     0.7 

Base of S1 to acetabular roof ³                3.6 

Distal projection of tibial malleolus      -1.5 

Correction for vertebral  

column curvature4                                  -3.0 

 

Total                                                12.4 

 

1. Based on average skeletal length of 

vertebral column in our sample (see text). 

2. 0.2 cm per surface × 6 surfaces. 

3. (Anterior sacral promontory to acetabular 

roof) - S1 height. 

4. Estimated vertebral column length (59.3 

cm) × 0.05. 
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Appendix B: IVDH of Nakamoto (1953) study 

 

 

Figure B.1. Average of 21 to 25 yrs old IVDH (mm) at anterior, center, posterior, and   

       mean of anterior and posterior in Japanese males, from Nakamoto (1953) 

 

Figure B.2. Average of 26 to 30 yrs old IVDH (mm) at anterior, center, posterior, and 

mean of anterior and posterior in Japanese males, from Nakamoto (1953) 
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Figure B.3. Average of 31to 40 yrs old IVDH (mm) at anterior, center, posterior, and  

   mean of anterior and posterior in Japanese males, from Nakamoto (1953) 

 

 

 

Figure B.4. Average of 41to 50 yrs old IVDH (mm) at anterior, center, posterior, and  

   mean of anterior and posterior in Japanese males, from Nakamoto (1953) 



91 

 

 

 Figure B.5 Average of 51 to 77 yrs old IVDH (mm) at anterior, center, posterior, and  

   mean of anterior and posterior in Japanese males, from Nakamoto (1953) 
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Figure B.6. Average of 21 to 25 yrs old IVDH (mm) at anterior, center, posterior, and  

   mean of anterior and posterior in Japanese females, from Nakamoto (1953) 

 

 

Figure B.7. Average of 26 to 30 yrs old IVDH (mm) at anterior, center, posterior, and  

         mean of anterior and posterior in Japanese females, from Nakamoto (1953) 
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Figure B.8. Average of 31 to 40 yrs old IVDH (mm) at anterior, center, posterior, and  

   mean of anterior and posterior in Japanese female from Nakamoto (1953) 

 

 

 Figure B.9 Average of 41to 50 yrs old IVDH (mm) at anterior, center, posterior,  

    and mean of anterior and posterior in Japanese female from Nakamoto (1953) 

    

  



94 

 

Appendix C: 
Comparison of currently available stature estimation equations based on the maximum 

and physiological length of the femur and physiological length of the tibia using SPSS 

15.0 and Minitab 15.0 

 

Table C.1. Comparison from the outcomes of currently available stature estimation 

equations based on the maximum and physiological length of the femur and physiological 

length of the tibia 

 
 

Table C.2. ANOVA test  
 ANOVA 
 

Stature  

sex   
Sum of 

Squares df Mean Square F Sig. 

Male Between Groups 10331.548 20 516.577 17.847 .000 

Within Groups 45588.073 1575 28.945     

Total 55919.621 1595       

Female Between Groups 4318.919 15 287.928 7.364 .000 

Within Groups 21894.748 560 39.098     

Total 26213.667 575       
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Table C.3. Post hoc test (Bonferroni) 

 

 
 

 



96 

 

  
Figure C.1. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Japanese males from Fujii 

(1956) 

 

 
Figure C.2. Stature estimation regression line using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Japanese males from Fujii 

(1956)  
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Figure C.3. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al‟s (1995) calculation, and Asian American males from 

Trotter (1970)  
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Figure C.4 Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and European American males 

from Trotter (1970)  
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Figure C.5. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and African American males 

from Trotter (1970)  
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Figure C.6 Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Mexican American males 

from Trotter (1970)  
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Figure C.7. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and European males from 

Pearson (1899)  
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Figure C.8. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Sjøvold (1990) 
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Figure C.9. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Sjøvold (1990) 
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Figure C.10. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Chinese males from 

Stevenson (1929)  
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Figure C.11. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and contemporary Japanese 

males from Hasegawa (2009)  

 

60555045403530

210

200

190

180

170

160

150

140

130

120

Phy siologica l femur length

E
s

t
im

a
t
e

d
 s

t
a

t
u

r
e

 (
c

m
)

T his  s tudy (s ature is  calculated by Nakam otoIDV H)

T his  s tudy (s tature is  c alculated by B annis ter IDV H)

FPL Sangvichien (1984)

V ariable

Estimated stature by  equations from this  study  and S angv ichien (1 9 8 4 )

 
Figure C.12. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Thai and Chinese males from 

Sangvichien (1984) 
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Figure C.13. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Polynesian Maori males 

from Houghton (1996)  
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Figure C.14. Stature estimation regression lines using Nakamoto‟s (1953) IVDH 

measurements, Bannister et al.‟s (1995) calculation, and Korean males from Choi 

(1990)  
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Appendix D: Measurements of the calcaneus and talus 

 

 

 

 

 

 
                                                         Calcaneus                                      Talus 

 

Holland (1995:317) 

 

Figure D.1. Measurements of the calcaneus and talus 

 

 

 

Maximum length of the calcaneus (MCAL): maximum length of the calcaneus as 

taken along the long axis 

 

Posterior length of the calcaneus (PCAL): maximum length between the most anterior 

point of the posterior talar articular surface and the most posterior point of the 

calcaneus (on the tuberosity ignoring any extensive exostoses). 

 

Maximum length of the talus (MTAL): maximum length between the most anterior 

point of the head and posterior tubercle.  
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Appendix E. Instruments for bone measurements 

 
 

 
 

Figure E.1. Instruments for bone measurements 
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Appendix F: Post study notes  

 

Medial malleolus length 

Using the GPM Swiss-made anthropometer was easier and provided a more accurate 

measurement of the most superior surface to the lateral condyle of the tibia to the 

talocrural joint.  

 

Table F.1. Comparison between the measurement of the length of the tibia (excluding 

intercondylar eminence and medial malleolus) using an osteometric board and sliding 

caliper and using an anthropometer 
 

Paired Samples Statistics 
 

  Mean N Std. Deviation 
Std. Error 

Mean 

Pair 1 OstBoardCaliper 32.2976 14 2.61126 .69789 

Anthropometer 31.9711 14 2.65405 .70933 

 
 
 

 

 

Fully (1956) included the medial malleolus for the length of the tibia, which does not 

contribute to stature. However, the measurement of the height of the malleolus is not 

straightforward. The measurements should be taken with an anthropometer to avoid 

difficulty and measurement error (Figures F.1 and F.2). Using the Joint POW/MIA 

Central Identification laboratory‟s study skeletons, a paired-sample t-test was conducted 

to determine the mean differences. The mean value as measured with an anthropometer 

was 3.26 mm smaller than the method that I used employing both an osteometric board 

and calipers. 
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Currently, the Paleo-tech© Linear Spreading Caliper may also provide the measurement 

for the tibia (lateral condyle to talocrural articular surface) in addition to the 

anthropometer. 

 

 

Figure F.1 Paleo-tech© Linear Spreading Caliper 

 

 

 

Figure F.2 Length of the tibia using an anthropometer 

 

  

http://paleo-tech.com/images/products/detail/LinearSprea
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