
ABSTRACT 

CHEW, KRISTEN RAE. The Use of Osteometric Sorting Techniques to Aid in the 
Resolution of a Large Scale Commingling: The Piggot Ossuary Site (31CR14). (Under the 
direction of Dr. Ann H. Ross, Dr. Chelsey Juarez, and Dr. D. Troy Case). 
 

The purpose of this study was to utilize gross and osteometric sorting techniques as a 

first approach in the sorting of commingled human remains. The Piggot ossuary site 

(31CR14), curated at the Forensic Analysis Laboratory at North Carolina State University 

was used because it as a large-scale commingling of human remains. The minimum number 

of individuals (MNI) was estimated at 53. The MNI was calculated using the right humerus, 

which was the skeletal element and side most represented in the assemblage.  

The sample used in this study consists of 114 skeletal elements. Each individual element was 

assigned an identification number. All bones were measured according to standard and non-

standard measurements and recorded in a Microsoft Excel spreadsheet. In cases of 

fragmentation, only available measurements were taken. All t-distributions were performed 

in Excel; regression equations were derived in SPSS Statistics 19.0.0, and Student’s t-tests 

were calculated using GraphPad Software. 

 Visual pair matching, the association of left and right elements based on parallels in 

morphology, was conducted on all complete or nearly complete elements. Several elements 

were successfully pair-matched and later confirmed with osteometric sorting.  

 The basic principle of osteometric sorting is that the two bones being considered are 

of a similar size and shape to have originated from the same individual. Osteometric sorting 

depends on the ability to distinguish anatomically normal size and shape relationships among 

skeletal elements. This is done by utilizing a reference sample to calculate means and 



standard deviations. The JPAC-CIL database was utilized because it contained both standard 

and non-standard measurements that are specific to fragmented remains.  

 Three models were used in the osteometric sorting process. Model one compares left 

and right sides, which accounts for shape differences, similar to visual pair-matching and in 

many cases performs equally as well. Model two compares joint surfaces of bone elements 

based on the size of articulating surfaces. Model three compares bones of different sizes. The 

null hypothesis for all three models is that the bones are of a similar size and to some extent, 

shape to have originated in a single individual. A p-value of <0.10 indicates that the two 

bones being considered are significantly different and does not support the null hypothesis. 

 Results show that the use of osteometric sorting is a good first approach. In the case 

of the Piggot ossuary site (31CR14), elements were sorted into groups of similar shape and 

size, rather than into individuals. In one case, it was possible to pair two humeri. This was 

demonstrated by a non-significant p-value (0.324), epiphyseal fusion lines that put these two 

elements at about the same age, and the presence of a septal aperture on both elements. 
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Chapter 1: Introduction 

 

Commingling refers to the situation where more than one individual is represented in 

an assemblage, and have become mixed together (Ubelaker 2002). The sorting of individuals 

in a commingled assemblage is imperative in the realms of forensic anthropology and 

bioarchaeology. The segregation of remains into individuals is important in several aspects of 

study. These range from the biological profile to the study of health of a population to 

positive identification of victims. Numerous methods are currently employed for the 

segregation of commingled human remains. These include aging (e.g. epiphyseal union), 

matching articular surface morphology, visual pair matching, osteometric sorting, the use of 

taphonomy, and DNA analysis (Byrd 2008).  

Initial efforts to sort commingled human remains includes the development of 

methods that estimate the number of individuals present and sort those individuals based on 

similarities in bone morphology (Snow and Folk 1970). Developments in other fields such as 

zooarchaeology, initiated quantitative methods to estimate the minimum number of 

individuals (MNI) (Adams and Konigsberg 2004). As the methods were further developed, 

the sorting of commingled remains began to rely more heavily on the use of statistics and 

more advanced equations were developed using osteometrics and bone measurements (Byrd 

and Adams 2003; Byrd 2008).  

 There are strong correlations among the sizes of bones. If someone has a large 

humerus, you can expect that they will have a large femur. Osteometric sorting virtually 

eliminates subjectivity by relying solely on statistical analyses to make decisions (Byrd and 
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Adams 2003).  Osteometric sorting uses size measures of the unmatched elements and 

compares these to the same skeletal elements in a reference sample. Segregation decisions 

are made by testing the null hypothesis that the two specimens of interest are of a similar 

enough size and shape to have originated from a single individual (Byrd 2008). Osteometric 

sorting takes advantage of the fact that the human physique will vary in predictable ways 

(Byrd and Adams 2003). In addition, the relatively simple statistics, low error rates and 

inexpensive nature make osteometric sorting an ideal method for the reassociation of skeletal 

elements in a commingled context (Byrd and Adams 2003; Byrd 2008).   

In this study, the Piggot ossuary (31CR14) is used because it is a large-scale 

commingling of an archaeological context. Ossuaries are secondary deposits of skeletal 

remains from multiple individuals. Excavation and study of ossuaries require assessment of 

commingling (Ubelaker 2002). The complexity of a commingled assemblage is dependent on 

the overall number of dead involved and the preservation of the remains. Therefore, 

commingling can be broadly categorized into two types: small-scale and large-scale (Byrd 

and Adams 2003; Mundorff et al 2008). The degree of commingling and/or fragmentation 

determines the scale demarcation. For example, a large sample size with a low level of 

comingling would be considered a small-scale commingling. Also considered a small-scale 

commingling, a small number of individuals represented but extensive mixing of skeletal 

elements. A large-scale commingling involves large numbers of individuals whose bodies are 

mixed in a random manner or involve a large amount of fragmentation (Mundorff et al 2008).  

Assemblages that are primarily fragmentary can present difficulties. Since standard 

measurements are comprised primarily of maximum length and midshaft measurements 
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(Buikstra and Ubelaker 1994), these measurements cannot be used on fragmentary remains. 

Byrd and Adams (2003) created measurements that are designed for areas of the bone that 

typically survive the taphonomic processes, which allows for measurements to be taken 

without the complete bone being present. Even with the development of these measurements, 

there are cases where association cannot be made without the aid of DNA analysis.  

The main focus of this study is to use osteometric sorting along with other 

morphological techniques such as taphonomy and visual pair-matching to aid in the 

resolution of the large-scale commingling of the Piggot ossuary site (31CR14). The goal is 

not to test the efficacy of osteometric sorting. Standard measurements (Buikstra and 

Ubelaker 1994) and non-standard measurements (Byrd and Adams 2003) were employed.  
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CHAPTER 2: Review of the Literature 

 

Commingling is problematic in a variety of forensic and bioarchaeological settings. 

Regardless of whether the analysis is of an ossuary or a mass disaster, the commingling of 

human remains complicates the process from recovery to final disposition. In cases where 

victims are known, such as an aircraft crash, it is still an arduous task to sort the remains. 

However, in this instance a positive identification is likely. A flight manifest can be 

consulted and victims’ family members can be contacted to provide DNA samples. When the 

victims are unknown, sorting of the remains, and positive identification becomes much more 

difficult due to the uncertainty of the individuals involved. In both cases, multiple techniques 

must be utilized to sort the remains into individuals.  

To date, there has been a paucity of research addressing the issue of commingling. 

Krogman’s (1986) work, The Human Skeleton in Forensic Medicine, does not mention 

commingling as a problem in the identification of remains. T. Dale Stewart’s (1979), 

Essentials of Forensic Anthropology, dedicated only 2 of 300 pages to the issues surrounding 

commingling in forensic settings.  He claims that commingling is not usually an issue in 

forensic anthropology because many of the materials recovered suggest the presence of a 

single individual (Stewart 1979). However, commingling does present itself as an issue in 

both forensic anthropology and bioarchaeology and skeletal biologists must apply their 

scientific techniques to develop a resolution (Ubelaker 2002). As they become more involved 

in human rights violations and post-conflict investigations, these methods become 

increasingly important.  
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Early Skeletal Sorting Techniques  

The techniques used for the sorting of commingled human remains are mainly 

morphological (Ubelaker 2002). Visual pair-matching refers to the association of left and 

right elements based on similar morphology. Visual pair matching on different skeletal 

elements (e.g. a humerus and a femur) is not recommended because it is subjective in nature. 

Adams and Byrd (2006) suggested that visual pair-matching can be accurately performed by 

experienced osteologists with humeri, femora, and tibiae if the preservation is sufficient; 

other elements were not formally tested (Adams and Konigsberg 2004).  

 Taphonomic agents can best be described as either physical objects or natural 

processes that help transition the human body after death from above ground, to the ground 

layer (Ubelaker 1997). Taphonomy is the “study of the transition of organic remains from the 

biosphere into the lithosphere” (Efremov 1940; Behrensmeyer 1984; Haglund and Sorg 

1996; Ubelaker 1997). Taphonomic patterning refers to the analysis similarities and 

differences in preservation. These patterns can be used in the process of skeletal re-

association. Remains lying in different locations within a grave can be exposed to various 

soil types with distinct properties and moisture levels, which can be used to segregate 

individuals exposed to different processes during primary interment that were commingled 

later. However, taphonomic differences can also be observed on the remains of a single 

individual due to disarticulation and/or a variable burial context, such as in an ossuary where 

remains are disarticulated and not necessarily buried with their associated elements. These 

patterns can affect the entire skeleton or just a portion. Taphonomy must be used with 
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caution, since the conditions that create the patterns can easily affect portions of adjacent 

skeletons (Kerley 1972).    

Articular surface matching is one of the most reliable methods for sorting (Buikstra et 

al. 1984).  Joint articulations can be used to assess whether a bone forms a congruent juncture 

with another skeletal element and a large portion of a skeleton can be re-articulated via these 

joint articulations. When using joint articulations to re-associate a skeleton it is common to 

start with the pelvis or vertebrae. However, the strength of the association differs depending 

on the element in question (Adams and Byrd 2006). Table 2.1 outlines the strength of the re-

associations that Adams and Byrd (2006) assigned to different joints based on levels of 

confidence, which were classified into high, moderate, and low. However, it should be noted 

that these confidence levels were derived and assigned based solely on the authors’ 

experience and not developed from a controlled study. Problems with articulation result from 

the absence of a close fit between particular elements. The articulation between the head of 

the humerus and the glenoid fossa on the scapula is not very diagnostic and the scapula is 

very difficult if not impossible to associate with the rest of the skeleton. Other elements, such 

as ribs, may also prove to be impossible to associate based solely on articulation. 
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Table 2.1 Table of articulations indicating the amount of confidence placed in a fit 
(adapted from Adams and Byrd 2006) 

	  

 
 
 

Charles Snow (1948) created the first procedures for sorting commingled human 

remains by combining the aforementioned techniques. Initially, he reconstructed fragmented 

elements. Then, long bones were sorted according to size similarities, shape, and 

morphology. He notes that bones characterized by any incomplete epiphyseal unions or 

arthritis should be segregated first. Snow (1948) recommends beginning the association of 

elements with the axial skeleton and moving outward to the appendicular skeleton. He 

developed this process while working at the Central Identification Laboratory (CIL) in 

Hawaii in 1947. He states that for this process to work correctly, all elements from every 

individual involved must be present. Therefore, this technique is rarely used as a complete 

skeleton is not always available. One central component of this technique is that the process 

of elimination can be utilized once visual pair matching and articulation have been executed, 

High Moderate Low 

Cranium to mandible 
Vertebrae 
5th lumbar vertebra to 
sacrum 
Humerus to ulna 
Os coxa to sacrum 
Tibia to talus 
Ulna to radius 
Metatarsals 
Metacarpals 
Tarsals 
Tarsals to metatarsals 

Cranium to atlas 
Tibia to fibula 
Femur to tibia 
Os coxa to femur 
Patella to femur 
Scaphoid to radius 
Carpals 
Carpals to metacarpals 
 

Ribs to thoracic 
vertebrae 
Manubrium to clavicle 
Humerus to scapula 
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though in a large scale commingling, the ability to sort is lessened due to the increased 

number of similar elements. 

In 1957, Baker and Newman conducted a study on the use of dry bone weights for the 

determination of living weight as a way to identify deceased individuals. They found that the 

correlation between individuals is very general and not significant enough to make skeletal 

weight an efficient predictor for exact living weight. They reported correlations at 0.544 for 

whites and 0.392 for blacks. However, when comparing bone weight within an individual, 

the correlation is substantial. They claim that any correlation of greater than 0.8 indicates that 

the actual weight of one bone will correspond closely with the predicted weight of a second 

bone. Those correlations falling below 0.7 can be expected to produce greater discrepancies. 

This study was an important first step in the application of statistical analyses to the sorting 

of commingled human remains. The authors (1957) recognize the importance of segregating 

the commingled remains into individuals and present an attempt to remove the subjective 

criteria of morphology.  

Ellis Kerley (1972) noted the importance of training and experience when attempting 

to first detect, and then sort commingled remains in an assemblage. He cautioned 

investigators on the use of taphonomy as a sorting technique because the environmental 

factors can vary widely. For example, if a humerus and a scapula of a single individual are 

exposed to different soils they will express differing taphonomical patterns. Kerley (1972) 

also pointed out the importance of the use of analytical techniques and their potential for the 

analysis of commingled remains. 
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Transitional Sorting Techniques 

 Eyman (1965) conducted a study using short-wave ultra-violet light sources applied 

to human phalanges, which were soaked in an ultra-violet fluorescing pigment. This method 

tested the discrimination between individuals in the same archaeological site as well as 

individuals between archaeological sites.  What they found was that the overall coloration 

after immersion in the fluorescent media allowed for the geographic discrimination of 

individuals based on soil composition, but that discrimination between individuals from a 

single site was more complicated. The patterns of fluorescence seem to reflect the overall 

architectural arrangement of the bone minerals, which are unique to each individual. These 

patterns are unique to each individual and are prominent enough to allow for discrimination 

among individuals (Eyman 1965). Overall, this method allows for the discrimination of 

individuals between sites based on soil composition differences and also the discrimination 

of individuals within a single site based on patterns in bone architecture. One issue with this 

type of study is the permanent discoloration of the elements.  

Snow and Folk (1970) conducted a study on identifying commingling in an 

assemblage that does not include any duplicated elements. Duplication of elements is a clear 

indication of commingling. Without duplication, it is still possible to detect commingling and 

differentiate individuals based on sex, ancestry, age, and size. However, if the suspected 

commingling involves individuals that are very similar, the traditional methods may not 

detect the commingling. In their study, they provide an algorithm that expresses the 

probability that undetected commingling is present. While this method can be useful 

detecting latent commingling, it involves several assumptions that are not always true. For 
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example, it assumes complete disarticulation of the skeleton and that the likelihood of it 

appearing among recovered remains is equal for each bone, ignoring differences in size and 

shape, which could lead to differential survival of elements when exposed to differing 

weather conditions (Snow and Folk 1970). Despite the assumptions not always being true, 

this can be useful in scenarios where similar individuals are commingled and the total 

skeletal parts total less than one individual are present.  

 In the spring of 1998, construction at a private residence uncovered a large number of 

human bones (Cruse 2002). The remains were fragmented and commingled. They were 

brought to the bioanthropology laboratory at the College of Mount Saint Joseph for analysis. 

Despite fragmentation, the remains were determined to be those of a Native American 

population. The techniques used to sort the remains were: estimation of minimum number of 

individuals (MNI), age-at-death estimation, and sex estimation. They were not concerned 

with the association of each element to another, but with the overall sorting methods for the 

creation of a biological profile of a population (Cruse 2002). In this instance, the use of 

osteometric sorting may have increased their knowledge of individuals within the population 

and provided additional biological information. 

In a study by Tuller et al (2008), spatial analysis was used to analyze spatial 

relationships among disarticulated and commingled remains in a mass grave. The study 

suggests that a disarticulated element will be geographically closest to the skeleton it is 

associated with. They found that 88% of the actual matching elements were closer to the 

skeleton they belonged to, rather than all other potential matches. While spatial analysis 

cannot identify associated elements on its own, it provides a list of the most likely 
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associations in ranked order (Tuller et al 2008). This can be useful in cases where there has 

been little to no disturbance of the burial pit. Once there has been disturbance, the probability 

that the associated elements will remain in close proximity to one another will likely decrease 

significantly. This method is valuable because it allows for the remains to be studied while in 

situ.  

In a 2011 study, Nikita and Lahr considered the implications of obtaining a reliable 

estimate of the number of individuals in a commingled assemblage. There are two different 

types of estimators used to establish the composition of a sample prior to commingling 

(Nikita and Lahr 2011). These two estimators are: 1) the minimum number of individuals 

(MNI), which estimates the number of individuals in the sample based on the element and 

side with the largest representation, and 2) the minimum likely number of individuals 

(MLNI), which estimates the initial population represented in the sample. The estimation of 

initial number of individuals represented in an assemblage (MLNI) assumes that the loss of 

elements is random (i.e. that left and right elements have an equal chance of being altered or 

removed from the sample) (Nikita and Lahr 2011). Obtaining an accurate estimate of the 

number of individuals is important in forensic analyses for identification, especially in cases 

of mass disaster. It is also important in the bioarchaeological context because it can provide 

valuable information concerning paleodemographic information and mortuary behaviors 

(Ubelaker and Rife 2008).  
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Osteometric Sorting Techniques  

One of the first reliable studies to use statistics to resolve the issue of commingling 

was Buikstra and colleagues (1984), in which they utilized measurements of adjoining bone 

portions to assess the possibility that two cervical vertebrae originated from a single 

individual based on similar size and shape. Measurements were taken on cervical vertebrae 

from skeletons of Black females from the ages of 16 to 25 in the Terry Collection at the 

Smithsonian Institution. The method was created by subtracting the measurement of the more 

inferior element from that of the more superior element. This new measurement denoted the 

“congruence” between adjacent elements. Then, a t-test was utilized to compare the new 

variable to the reference sample (Terry sample) mean. This allowed for the removal of the 

subjective judgment of articulation.  

 In a similar study using osteometric sorting, London and Curran (1986) focused on 

the articulation of the femoral head to the acetabulum. The authors called attention to the 

significance of the metric relationship of the femoral head and the acetabulum. Their sample 

consisted of 100 individuals from the Physical Anthropology Laboratories of the Maxwell 

Museum, University of New Mexico. Their analysis outlined the efficacy of the hip joint in 

the segregation of commingled human remains. The femoral and acetabular measurements 

are highly paralleled suggesting that these measurements can be used to segregate 

commingled human remains. However, the authors did not provide the details as to how this 

conclusion was derived. London and Hunt (1998) retested this method utilizing 129 

individuals from the Terry Collection following the London and Curran (1986) protocol. The 

acetabular measurements were not easily reproducible due to postmortem damage and 
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arthritic lipping. As a result, they revised the measurements to exclude the arthritic lipping 

and postmortem changes. They tested the revised measurements on 30 “unknown” 

individuals from the Huntington Collection and found that commingled remains were easily 

segregated by using the measurements of the femoral head and acetabulum, and by using a 

combination of the visual and morphometric data.   

 Similar to the methods proposed by Snow (1948), osteometric comparison is a 

method that uses statistical models to objectively compare the size and shape relationship 

between elements (Adams and Byrd 2006; Byrd and Adams 2003; Buikstra et al. 1984; Byrd 

and Adams 1999). This method removes subjective judgment and offers a statistical 

foundation for sorting of commingled remains. This method can be utilized when other 

methods, such as visual pair-matching and articulation are not possible. It is stressed by 

Adams and Byrd (2006) that the strength of osteometric sorting is to distinguish inconsistent 

relationships that can lead to the exclusion of elements.  

Osteometric sorting tests the null hypothesis that the two bones being considered are 

of a similar enough size and shape to have originated from a single individual (Byrd 2008). 

Byrd (2008) discusses three osteometric sorting models. The first model compares left and 

right elements centering on shape. The second model compares articulating bone surfaces 

based on size. The third model uses regression equations to compare the size of two different 

elements, such as a femur and a humerus (Byrd 2008). Osteometric sorting utilizes a 

reference dataset of measurements collected from known individuals that represents both 

sexes and various ancestral groups (e.g. CILHI, Forensic Data Bank, Smithsonian Institution 

Terry Collection, Cleveland Museum of Natural History Hamann-Todd Collection, and the 
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University of Tennessee Bass Collection) (Byrd and Adams 2003). Standard measurements 

(Buikstra and Ubelaker 1994) and measurements created for fragmentary remains are utilized 

(Byrd and Adams 2003). It is essential to consider that the results from the three models can 

be beneficial in eliminating individuals and to support a possible association, but the method 

cannot not be used to prove an association.  

Ubelaker (2002) performed a study of the commingled remains from an ossuary in 

southern Maryland. First, a skeletal inventory of bone and side, separated by developmental 

age was conducted in order to assess the minimum number of individuals (MNI). This was 

done because most of the bone assemblage was secondary, meaning that they were primarily 

interred elsewhere and moved at a later date, and lacked the articulations needed to relate the 

bones to individuals. Using this method, they were able to estimate that there were at least 

188 individuals present in the ossuary. Ubelaker (2002) suggests that a more detailed study 

could have been completed by attempting to match pairs of bones, or arranging the immature 

bones by approximate age. This could have been taken one step further to side each immature 

bone and group each set of elements by age and maximum length in order to segregate those 

elements that were too different to have originated in a single individual. 

 In the spring of 2003, a large grain bag filled with human skeletal remains was found 

by bush cutters in a forest in South Africa. Differential taphonomy suggested that the 

individuals had not died at the same time, or that they had decomposed under differing 

conditions. The remains were sent to the University of Pretoria for analysis by L’Abbe 

(2005). She utilized Snow’s (1948) and Byrd and Adams’ (2003) procedures for the 

segregation of commingled remains. These techniques included visual pair-matching, process 
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of elimination, and taphonomy. By using these methods, they were able to sort 155 of the 

elements into ten individuals. The remainder of the elements were unable to be associated 

with individuals. Sorting the skeletal elements into distinct individuals was complicated by 

the context in which the remains were discovered and the large quantity of missing elements. 

L’Abbe (2005) suggested that utilizing osteometric sorting may have increased the number of 

elements that could be segregated.  

 Adams and Byrd (2006) conducted a study that involved the commingled skeletal 

remains of two individuals who died in a helicopter crash in 1969 during the Vietnam War. 

The techniques used to segregate the individuals were visual pair-matching, joint articulation, 

process of elimination, taphonomy, and osteometric sorting. The first individual was 

identified largely by the upper body and associated artifacts; the second individual was 

identified by a distal right tibia and right foot inside of a military issued boot. Bones were 

sorted by element type, side and size. Then visual pair-matching, articulation, process of 

elimination, osteometric sorting, and taphonomy were utilized. Because there were only two 

individuals represented in this case, articulation and process of elimination were successful. 

The mandible that was recovered in 1969 was nearly complete and could be associated with 

individual 1 via dental records. Therefore, the partial mandible could be associated with 

individual 2 by process of elimination (Adams and Byrd 2006). The authors (2006) were also 

able to associate remains using an orange-red colored rust discoloration resulting from the 

metal from the helicopter. Based on the staining, it was obvious that the much of the remains 

had been articulated before they were discovered. In this instance, the location of perimortem 

fractures was utilized to associate several elements. For example, the distal end of a left 
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humerus was fractured in conjunction with the proximal ends of a left ulna and a left radius. 

Because of the fragmentation, articulation was not useful, but trauma found on all three 

elements indicated that the fractures occurred while the arm was still articulated (Adams and 

Byrd 2006). In this study, the authors were also able to associate a left humerus to a right 

femur from individual 2 by using the measurements of the humeral and femoral heads 

(Adams and Byrd 2006). Without this technique, the authors would most likely not have been 

able to make this particular association. The authors recommend that sorting procedures are 

to be employed in tandem with one another, not as standalone techniques (Adams and Byrd 

2006). In some instances, however, it may be difficult or impossible to accomplish 

segregation with these techniques and in these cases, it may be necessary to have some type 

of “group” remains category (Keough et al. 2004). 
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CHAPTER 3: Historical Background 

 

Ossuary Burials 

 Ossuaries are mass graves containing the collected, often disarticulated, skeletal 

remains of multiple individuals (Curry 1999). As defined, ossuaries are secondary graves, 

meaning that the remains were originally buried or stored at another location, disinterred, 

collected, and reburied in one common mass grave. Classically, these burials include two or 

more stages: the removal of flesh from bones, through tools or natural decomposition; 

storage of these cleaned bones; and the final reburial of the bones into a common grave 

(Garret 2012). As a burial practice, the custom occurred from the Southeastern United States 

to the Great Lakes area from late in prehistory into the early historic period (Curry 1999).  

 Despite their frequent occurrence, ossuaries remains poorly understood. This is due, 

in part, to the lack of proper study. This can be attributed to the 19th century, before the 

advent of “scientific archaeology,” or even today where accidental discovery of these sites 

often takes place during construction and results in the further commingling or fragmentation 

of the remains.  Even though ossuary burials are poorly understood, the most commonly 

studied and documented types are found in North America. These represent periodic 

reburials, which sometimes involved several villages and were often done in conjunction 

with an extravagant ceremony. The meaning of ossuary burials differs by culture; these 

meanings range from religious ideas to mere practicality (Garrett 2012).  

 Bioarchaeologists are able to gather an assortment of information from remains in 

ossuary burials, which includes demographic data, estimates of the size of the once living 
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population, pathology and general levels of health (Bogdan and Weaver 1992; Ubelaker 

1974; Garrett 2012). These studies are conducted by compiling data through osteological 

analyses like the estimations of sex and age, and estimating minimum number of individuals 

and minimum likely number of individuals. Mortality and/or fertility rates can be estimated 

through the analysis of ages-at-death; health and morbidity profiles can be estimated through 

pathological analyses (Ubelaker 1974). Grave goods can be studied to assess social 

organization and provide glimpses into past lifeways.  

 Archaeological and ethnohistorical data suggest that the Native American ossuaries 

“contain nearly a complete representation of all individuals who died in the contributing 

populations during a culturally represented number of years” (Ubelaker 1974: 59). North 

American ossuary burials usually follow a broad pattern: bodies are allowed to decompose 

through mechanical defleshing, cremation, or natural decomposition; remains are 

periodically gathered and cleaned and occasionally bundled; they are then placed in 

communal pits (Garrett 2012).  

 North American ossuaries occupy three general regions. These regions include 1) 

Canada and the Great Lakes area, 2) the Southeastern region of the United States, and 3) the 

Mid-Atlantic area of the United States. The Huron, of the Great Lake area, are best known 

archaeologically for ossuary burial practices (Curry 1999; Ubelaker 1974). As documented 

among the Huron, the burial rite was named the “Feast of the Dead” and began by placing the 

body of the deceased in a temporary burial region. The body was then placed on a scaffold or 

buried (Figure 3.1). Then, every eight to ten years or so, a village or group of villages would 

come together for a final ceremony. During the ceremony, the remains were collected from 



 19 

their temporary locations, cleaned of any remaining flesh, and reburied in a communal burial 

pit; the pit was lined with animal skins and the deceased were provided with goods for their 

afterlife (Curry 1999; Ubelaker 1974). The community would hold a great feast during the 

ceremony. This ceremony was first witnessed by the Jesuit missionary Jean de Brebeuf in 

1636 in a Huron village in Ontario, Canada. Several other explorers, such as Samuel de 

Champlain and Father Gabriel Sagard, a lay bother of the Franciscans, confirm the 

documents of Brebeuf (Ubelaker 1974).  

 The accounts of the explorers illustrate the importance of ossuary burial practices 

among the Huron people and the significance they attached to the details of the ceremony. It 

has been said that the “Feast of the Dead” ceremony was the most important event in their 

belief system, and that it was the most solemn ceremony they held (Ubelaker 1974). 

Eventually, the Huron custom of ossuary burial was replaced by the Christian mortuary 

practices. Some Iroquois still placate their dead with semi-annual feasts that are suggestive of 

the Feast of the Dead (Ubelaker 1974).  
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Burial customs in the Southeastern region of the United States include ceremonies 

analogous to those described for the Huron, but with regional differences (Ubelaker 1974). 

The best accounts of burial practices for this region are the archaeological record, since 

ethnographic documentation is scarce. Romans (1999) documented that the Choctaw 

practiced “bone cleaning” of the deceased; though the bones were cleaned by specialists who 

travelled through the Choctaw nation instead of by relatives, like in the Huron practices 

(Ubelaker 1974). The removed flesh was buried and the bones painted, placed in a chest, 

which were then placed in a “bone house.” The method of final disposition of the remains 

varied, with some groups leaving the bones in the temples forever (Ubelaker 1974).  

Mortuary customs in the Mid-Atlantic area of the United States are best known from 

the documentation of Captain John Smith and Thomas Hariot, and the drawings of John 

Figure 3.1 Feast of the Dead 
(Curry 1999) 
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White. They were all particularly interested in the treatment of the dead. Although Native 

American mortuary practices were observed by multiple explorers, the ethnographical 

accounts of burial practices are less consistent and the best documentation for ossuaries is the 

archaeological record (Garrett 2012; Ubelaker 1974).  

Ossuary burials throughout Virginia, Maryland, and southern Delaware are typically 

linked with Iroquoian and Algonkian speaking groups. They are associated with the Middle 

Woodland (200-800CE), Late Woodland (800-1650CE), and early Historic (ca. 1650CE) 

periods (Curry 1999; Garrett 2012; Ubelaker 1974). These were varied in their burial 

practices; those that contain characteristics of the Mid-Atlantic region can include both 

articulated and disarticulated skeletons. In some cases, bones are in bundles, and in others, 

they are scattered throughout the ossuary pit; some pits contain artifacts and others do not; 

and some pits have been documented to contain cremated bones (Curry 1999; Garrett 2012; 

Ubelaker 1974).  

 

The Late Woodland Period (800-1650CE) 

  The Late Woodland phase indicates the emergence of linguistic, cultural, and 

physical differences among populations that characterize the different tribes observed at the 

time of European contact. The populations were differentiated by regional cultural variations; 

these included language, material culture, settlement patterns, mortuary practices, and diet 

(Hutchinson 2002, Phelps 1983, Ward and Davis 1999). Shell-tempered pottery marks the 

Late Woodland period, which emerges during this time along the coast of North Carolina 

(Ward and Davis 1999).  
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 North Carolina demonstrates cultural boundaries that were evident between the North 

and South coastal regions. However, unlike other periods there were considerable differences 

within the North coastal region itself. The Northern coastal region is divided into inner and 

outer coastal regions, which are designated as the Cashie and Colington phases (Phelps 1983; 

Ward and Davis 1999). The North outer coastal region, designated as the Colington phase, 

extended from North Carolina’s major sounds to the barrier islands. This area was occupied 

by Algonkian linguistic groups (see Figure 3.2). The Colington phase is distinct in its burial 

methods, known as ossuaries, as discussed above.  

 Archaeological information regarding the size of Colington phase villages and 

settlement patterns is restricted, although data suggests the existence of sedentary villages 

after 1000CE (Hutchinson 2002; Ward and Davis 1999: Garrett 2012). At the time of contact, 

Carolina Algonkians were structured by multiple ranked societies or chiefdoms. It has been 

estimated that Carolina Algonkian towns contained 12 to 18 longhouses and about 120 to 200 

individuals per town (Ward and Davis 1999). Colington phase sites were generally located 

along major streams, sounds, and estuaries that provided them with the resources needed for 

various subsistence activities such as farming, hunting, fishing, and foraging (Phelps 1983; 

Ward and David 1999; Garrett 2012).  
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Figure 3.2 Protohistoric Ethnic and Linguistic Groups in the NC Coastal Plain  

(Phelps 1983; Garrett 2012) 

 
 
 

Ossuary burials were the primary form of burial in the Late Woodland period (800-

1650CE) in the Southeastern United States. The Carolina Algonkians utilized large communal 

ossuaries. Very little is known about mortuary customs of these ossuaries because of 

insufficient documentation and varying accounts in early ethnographic records. Descriptions 

regarding the treatment of the deceased are varied in their narratives. The disparities indicate 

either inaccurate reporting among early explorers, or they reflect a great deal of variability in 

Algonkian mortuary practices (Garrett 2012; Ubelaker 1974). Much of the ossuaries’ 

contents have been lost to looters and the taphonomic processes resulting from soil erosion, 

which may account for the decreased knowledge of the burial practices.  
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Archaeologists have recognized three patterns of ossuary interment within North 

Carolina. These correspond to the three geographical and ethnolinguistic regions during the 

Late Woodland Period (800-1650CE). These are: 1) the outer Northern coastal Algonkian-

speaking groups; 2) the inner Northern coastal Iroquoian-speaking groups; and 3) the 

Southern coastal Siouan-speaking groups (Loftfield 1990). 

Algonkian ossuaries are usually large, communal burial sites, which contain the 

disarticulated remains of a population spanning a period of time (Garrett 2012; Hutchinson 

2002). The majority of Algonkian ossuaries contain between 20 and 60 individuals. 

Skeletons are often commingled and are sometimes only represented by isolated bone 

elements. Bundled remains are not common within these ossuaries. Grave goods are 

comparatively rare when compared to Northern traditions. Additionally, Algonkian ossuaries 

are differentiated from others within North Carolina by their placement along the coast, 

relatively near the associated village (Garrett 2012; Hutchinson 2002; Loftfield 1990; Ward 

and Davis 1999).  

Iroquoian ossuaries, among the inner coastal region of North Carolina, tend to be 

much smaller, containing the remains of family groups, usually only housing two to five 

individuals. Bundling is common with distinct groupings in burial placement. Grave goods 

are frequent, commonly including gravel-tempered ceramics and Marginella shell beads, 

totaling between 200 and 2000. These ossuaries are also frequently characterized by their 

placement within villages, instead of on the margin (Garrett 2012; Hutchinson 2002; 

Loftfield 1990; Ward and Davis 1999). 
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Siouan ossuaries were comprised of small sand mounds, sometimes found on high 

sand ridges, and contain the secondary remains of bundled individuals and sometimes 

include charred remains. Artifacts are sometimes present within the mound with grave 

offerings documented at some sites. These burial mounds are characteristically located away 

from areas of habitation. This mortuary practice is common in southeastern North Carolina 

and is possibly related to similar burial mounds in Georgia (Garrett 2012; Loftfield 1990). 

 
Summary and Conclusions 

 Ossuaries have been documented in an assortment of contexts. Nevertheless, the 

ossuaries found among Native North Americans fit within Ubelaker’s (1974) definition of 

‘true’ ossuaries, which are secondary burial deposits representing the collective and periodic 

reinterment of individuals after a culturally prescribed number of years. Although ossuary 

burials are widespread throughout North America, moderately little research has been 

dedicated to their analysis, which is likely due to various issues such as commingling, 

fragmentation, looting, and degradation of the sites.  
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CHAPTER 4: Materials and Methods 

 
Materials 
 

The Piggot Ossuary 

 The Piggot ossuary collection is comprised of skeletal remains from the Piggot site 

(31CR14), which is located on the coast of North Carolina, inside Carteret County near 

Gloucester. The ossuary was located on a ridge facing “The Straits”, which is a body of water 

that divides Gloucester from Brown’s Island (Garret 2012). The Archaeology Laboratory at 

East Carolina University originally excavated the site in 1975. David S. Phelps excavated the 

site in two phases: once in 1975 as a salvage mission and again in 1980 for further testing. 

The excavation team reported that the site seemed to be intact, notwithstanding soil erosion 

(Garrett 2012). 

 The ossuary was located within a shell midden that stretched 90 meters from the 

southeastern corner of the Piggot property onto the adjacent property. The midden had a 

depth of 30-50 centimeters. The burial pit was 1.8 meters wide by 3.4 meters in length. 

Within the burial were the commingled remains of individuals who were assigned to six 

groups. The groups, named A though F, were assigned by the archaeological team 

established by clustering within the ossuary. Skeletal material was also recovered from the 

surface and was labeled as “Group Beach” (Truesdell 1995; Garrett 2012). According to the 

site report, the burial pit had evidence of bundled remains, with one bundle containing a 

partially articulated skeleton (Truesdell 1995). Unfortunately, further documentation with 

regard to the placement of the bundles or if they were assigned to the groups is not available. 
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Original photographs of the ossuary in situ suggest that the skulls in Group F were 

purposefully placed in a semi-circular manner. The rest of the skeletal material seems more 

randomly distributed (Garrett 2012). 

 
 
 

 
Figure 4.1 Piggot Ossuary (31CR14) in situ (Truesdell 1995) 

 
 
 

The skeletal remains within the ossuary burial pit were moderately preserved, though 

largely fragmented. Its location within a shell midden likely aided the bone preservation, as 

lime from shell neutralizes soil acidity (Hutchinson 2002).  

 Calibrated radiocarbon dating of the Piggot skeletal remains indicated a date of 1420-

1640CE , which would place the remains within the Late Woodland/Contact Period (Truesdell 
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1995; Garrett 2012). However, new analyses that include calibrated radiocarbons dates are 

forthcoming and suggest a Pre-Contact time period (Ross 2013, personal communication).  

 
 
 

Table 4.1 Radiocarbon date as reported for the Piggot Site (31CR14) 

 
 
 
 

 The sample was previously examined in a Master’s thesis by Truesdell (1995), 

Killgrove (2002), and Garrett (2012), by Truesdell and Weaver (1995) in a poster session at 

the 64th annual meeting of the American Association of Physical Anthropologists, and in a 

Master’s thesis on the sex and health estimation of the adult population (McDowell, 2014). 

The collection is on loan to the Department of Sociology and Anthropology at North 

Carolina State University from the North Carolina Office of State Archaeology Research 

Center (OSARC) in Raleigh, North Carolina. Before its transfer to the OSARC, portions of 

the collection were kept at Wake Forest University, East Carolina University, and the 

University of North Carolina Chapel Hill (North Carolina Office of State Archaeology 1976; 

Truesdell 1995).  

JPAC-CIL Database 

 The JPAC-CIL database was provided by Dr. John Byrd, the laboratory director of 

the Joint POW/MIA Accounting Command-Central Identification Laboratory in Honolulu, 

Hawaii. This database consists of measurement data collected from individuals (n=579) from 
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the Central Identification Laboratory (CILHI); the Terry Collection in the Department of 

Anthropology, Smithsonian Institution; International Commission on Missing Persons 

(ICMP), Bosnia-Herzegovina; the Haman-Todd Collection at the Cleveland Museum of 

Natural History; and the William M. Bass Donated Skeletal Collection, Forensic 

Anthropology Center, University of Tennessee, Knoxville. This reference sample represents 

both male (n=441) and female (n=137) individuals, and one unknown individual.  

  While this database is not contemporaneous to the Piggot ossuary (31CR14), it was 

the only reference sample available that included the non-standard measurements created by 

Byrd and Adams (2003) that are specific to fragmented skeletal remains. The use of a more 

contemporaneous reference sample was not possible due to time constraints. However, taking 

these non-standard measures from a more appropriate sample such as from the Tennessee 

Averbuch may improve results.  

 

Methods 
 
 The goal of this study was to segregate the commingled long bones of the individuals 

interred in the Piggot ossuary site (31CR14) using gross and osteometric sorting techniques. 

This was completed by recording standard and non-standard measurements for the clavicle, 

humerus, radius, ulna, os coxa, femur, tibia, and fibula, and employing osteometric sorting 

techniques along with taphonomy, and visual pair-matching (Byrd 2008).  
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Data Collection 

 For this study, each element required a unique identifier. Therefore, before any data 

were collected, each bone was assigned a numerical identifier. The identifiers were created 

using the already assigned accession numbers from Garrett’s (2012) Master’s thesis. Since 

each accession number had multiple bones or bone fragments associated with it, they were 

then numbered within each accession number. For example, accession number 

2010225hb399 had two right femora associated with it. Each femur was assigned its own 

identifier; femur one was assigned 2010225hb399.1 and femur two was assigned 

2010225hb399.2. This pattern was followed for all accession numbers and elements.  

All of the aforementioned elements in the Piggot sample were measured, though 

those elements that exhibited signs of pathology that precluded measurement were not used 

for this study. Different methods were employed in the segregation process for adults and 

sub-adults. For this study, elements were considered adult if both the proximal and distal 

epiphyses were fused even if fusion lines were still present. A sliding caliper, spreading 

caliper, and an osteometric board were used to take measurements. The same three 

instruments were used throughout the measuring process to ensure the lowest measurement 

error possible. All measurements were recorded in a Microsoft Excel spreadsheet. All 

measurements were recorded in millimeters, with a precision of 0.1 mm for the digital 

calipers and 1 mm for the spreading calipers and the osteometric board. According to 

definitions presented by Buikstra and Ubelaker (1994) and Byrd and Adams (2003), the 

following measurements, in adults, were recorded for this study (presented in Appendix I).  
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For sub-adult remains, maximum length was recorded according to Buikstra and 

Ubelaker (1994). Age estimations were made according to ranges created using dry bone 

fetal measurements (Fazekas and Kosa 1978) found in Schaefer et al. (2009). The remains 

were then grouped by estimated age range, element, and side. Elements were segregated 

based on duplication and age estimation. Segregation decisions were made based on 

estimated age range, side, and a difference between left and right of less than 2 millimeters 

(Auerbach and Ruff 2006).  

Minimum Number of Individuals 

 The minimum number of individuals (MNI) estimate according to model one in 

Adams and Konigsberg (2004), which is the most common variant of the MNI for the 

analysis of human remains, is the Max (L, R) method. This value is obtained by sorting 

elements of the same type into lefts and rights, and then taking the greatest number of 

duplicated elements as the estimate. According to this model, the MNI for the Piggot ossuary 

is 53 based on the most represented element, the right humerus.  

 The MNI was previously estimated by Amy Garrett (2012) in a Master’s thesis. In her 

study, she used model two from Adams and Konigsberg (2004), which is calculated using the 

method (L + R)/2. Where, the number of left and right elements are added and then divided 

by two, which provides an average for paired elements. She estimated the MNI as 78. 

Osteometric Sorting 

 The osteometric sorting method was used in this study to attempt to segregate the 

commingled remains of the individuals interred in the burial pit. The basic principle 
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fundamental of osteometric sorting is that the two bones in question are of similar enough 

shape and size to have originated from a single individual (Byrd 2008). This is accomplished 

by utilizing estimates of population parameters such as the mean and standard deviation 

calculated from the reference data. The parameters are then used to formulate the null 

hypothesis of a “typical” size and/or shape relationship that is subjected to significance 

testing. Conclusions are primarily supported by having rejected the null hypothesis, which 

rejects an association between the two bones in question.  

 Model one compares left and right paired elements; this model emphasizes shape. 

Measurements of length and diameter are used; where length measurements were not 

available due to fragmentation, diameter measurements were used in the calculation (Byrd 

2008). These models take the general form: 

D = Σ(ai −bi), 

Where a is the right side bone measurement i, and b is the left side bone measurement i, for 

each measurement included in the comparison. The null hypothesis of no difference is tested 

by comparing the value of D against zero (no difference) and using the reference data 

standard deviation of D. The deviation from zero, divided by the reference data standard 

deviation is evaluated against the two-tailed t-distribution to obtain a p-value. A p-value of 

<0.1 provides evidence against the null, which claims that the bones are not of similar size 

and/or shape to have originated in the same individual. For this case, the α level was set at  

0.1 to represent a more conservative significance level, since non-significant differences 

were desired for comparison of two elements (Byrd 2008).  
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 Model two compares articulating bone portions. This model was calculated using the 

difference in sizes of adjoining bone portions as their bases (Buikstra et al. 1984; Byrd 2008). 

This model takes the general form: 

D = ci −dj, 
where measurement i, of bone c is subtracted from measurement j of bone d. The null 

hypothesis that the two specimens are of an appropriate size to have originated in one 

individual is evaluated by comparing the value of D from the case specimens, to the mean 

value of D, calculated from the reference data. The deviation of D from the reference data 

mean, divided by the reference data standard deviation, is evaluated against the two-tailed t-

distribution to obtain a p-value. The desired α	  level of <0.1 was continued for this model.

 Model three compares different bone sizes. Byrd and Adams (2003) experimented 

with numerous approaches and decided on the following linear combination as an acceptable 

index for bone size (Byrd 2008). For this model, the available bone measurements on a bone 

are summed and the natural logarithm of the sum is the value used in the regression models. 

Since length measurements typically show the highest correlations with one another, models 

utilizing length measurements tend to perform the best (Byrd 2008). Byrd and Adams (2003) 

advocated using the 90% prediction interval as the foundation for hypothesis testing. If the 

point representing the two bones fell within the prediction interval, the null hypothesis of 

association was not rejected. It is recommended by Byrd (2008) to derive the t-value from the 

case specimens using the following model: 

𝑡 = 𝑦^ − 𝑦! /[ 𝑆.𝐸 ∗ [1 +
1
𝑁

+ (𝑥! − 𝑥)!/(𝑁 ∗ 𝑆!!)]] 
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where y^ is the predicted value from the regression model, yi is the dependent variable of the 

case specimen, S.E. is the regression model standard error, N is the sample size used in the 

calculation of the of the regression model, xi is the independent variable value of the case 

specimen, x is the reference sample mean for the independent variable, and Sx is the 

reference sample standard deviation of the independent variable (Byrd 2008). Since the 

regression models were created using only the left elements, Student’s t-tests were employed 

to demonstrate that there was no significant difference between left and right elements in the 

reference sample. The regression models were calculated in Statistical Package for the Social 

Sciences 19.0.0. The prediction interval and two-tailed t-distribution were calculated in 

Microsoft Excel. Student’s t-tests were calculated using the GraphPad Software 

(http://www.graphpad.com/quickcalcs/ttest1.cfm).  
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CHAPTER 5: Results 

 
Model One Results 

Model one compared left and right elements, and considers shape. The elements that 

were tested with model one were the clavicle, humerus, radius, ulna, os coxa, femur, tibia 

and fibula. Each table represents the results for left and right sides for an element. Each row 

and column represents a single element. The p-values for bone pairs that could not be 

segregated are highlighted in red.  

Table 5.1 presents the results for the clavicle, using Model one. Thirty comparisons 

between left (n=5) and right (n=6) clavicles were made. Of these 30 comparisons, 21 

possible pairs were differentiated.  

Table 5.2 presents the results for the humerus, using model one. Sixty comparisons 

between left (n=7) and right (n=9) humeri were made. Of the 60 comparisons, 19 possible 

pairs were differentiated. In this case, three comparisons were not made. In an attempt to be 

conservative, any two humeri that exhibited a difference of 10 or more millimeters in 

maximum length, were not tested against each other (Auerbach and Ruff 2006; LeGarde 

2012). In Table 5.2, these three pairs are denoted with NT, for “not tested.”  

Table 5.3 presents the results for the radius, using model one. Eighty-eight 

comparisons between left (n=11) and right (n=8) radii were made. Of the 88 comparisons, 37 

possible pairs were segregated.  

Table 5.4 reports the results for the ulna, using model one. Eighty comparisons 

between left (n=8) and right (n=10) ulnae were made. Of the 80 comparisons, 16 possible 
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pairs were segregated. Seven pairs were not tested against each other due to differences in 

maximum length (Auerbach and Ruff 2006); these will be denoted in Table 5.4 as NT, for 

“not tested.”  

Table 5.5 reports the results for the os coxa, using model one. Forty-two comparisons 

between left (n=7) and right (n=6) os coxae were made. Of the 42 comparisons, 27 possible 

pairs were differentiated.  

Table 5.6 presents the results for the femur, using model one. Forty-eight 

comparisons between left (n=6) and right (n=8) os coxae were made. Of the 48 comparisons, 

22 of the possible pairs were isolated. Eleven pairs were not tested against each other due to 

glaring differences in maximum length (Auerbach and Ruff 2006); these will be denoted in 

Table 5.5 as NT, for “not tested.” 

Table 5.7 reports the results for the tibia, using model one. Sixty-four comparisons 

`between left (n=8) and right (n=8) tibiae were made. Of the 64 comparisons, 27 of the 

possible pairs were isolated. Twelve pairs were not tested against each other due to sizeable 

differences in maximum length (Auerbach and Ruff 2006); these will be denoted in Table 5.6 

as NT, for “not tested.” 
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Table 5.1 Results for Model 1: Clavicle 

 
 
 
 

Table 5.2 Results for Model 1: Humerus 

	  

 
 
 

Table 5.3 Results for Model 1: Radius 

	  

 
 
 

Table 5.4 Results for Model 1: Ulna 

 
	  

583.1 1147.2 1147.1 1336.1 335.1 335.2
583.2 0.269 0.000 0.006 0.000 0.000 0.000
1337.1 0.000 0.046 0.929 0.001 0.001 0.128

582 0.000 0.000 0.030 0.612 0.530 0.180
1150.1 0.024 0.000 0.030 0.387 0.455 0.007
340.1 0.000 0.021 0.339 0.000 0.000 0.000

Left Clavicles

R
ig

ht
 C

la
vi

cl
es

657.2 657.1 1081.2 1081.1 1081.3 1082.2 341.1
658.2 0.000 0.005 0.001 NT 0.640 0.735 0.585
658.1 0.097 0.516 0.299 NT 0.735 0.069 0.677
1079.2 0.203 0.126 0.052 0.876 0.467 0.755 0.516
1079.1 0.299 0.194 0.087 0.203 0.621 0.755 0.677
1078.1 0.000 0.000 0.000 0.640 0.242 0.000 0.213
1078.3 0.213 0.815 0.324 NT 0.132 0.026 0.113
415.3 0.000 0.000 0.000 0.010 0.795 0.041 0.856
415.2 0.020 0.113 0.350 0.000 0.533 0.533 0.533
415.1 0.795 0.436 0.876 0.735 0.451 0.856 0.677

R
ig

ht
  H

um
er

i

Left Humeri

639.3 639.1 1071.2 1071.1 1071.4 1071.6 1071.5 1071.3 416.3 416.1 346
639.2 0.900 0.490 0.012 0.014 0.010 0.034 0.510 0.025 0.062 0.777 0.122
639.4 0.020 0.070 0.102 0.000 0.875 0.225 0.753 0.182 0.348 0.777 0.000
1070.1 0.018 0.004 0.004 0.398 0.000 0.011 0.262 0.034 0.146 0.753 0.433
1070.2 0.062 0.182 0.004 0.000 0.900 0.011 0.262 0.062 0.022 0.550 0.001
1368.1 0.348 0.753 0.004 0.182 0.192 0.012 0.192 0.024 0.010 0.332 0.706
410.1 0.014 0.051 0.075 0.000 0.682 0.172 0.875 0.085 0.275 0.593 0.000
410.2 0.080 0.020 0.753 0.172 0.163 0.925 0.163 0.801 0.975 0.729 0.004
410.3 0.801 0.381 0.070 0.875 0.900 0.154 0.900 0.122 0.137 0.572 0.122

Left Radii

R
ig

ht
 R

ad
ii

659 1095.3 1370.1 1370.2 455 446.3 446.1 446.2
660 0.000 0.765 0.691 0.384 NT 0.000 0.000 0.619
1094.4 0.564 0.512 0.182 0.765 0.405 0.000 0.538 0.512
1094.1 0.063 0.066 0.014 0.578 0.106 0.000 0.858 0.056
1094.3 0.405 0.873 0.591 0.269 0.691 0.000 0.921 0.647
1094.6 0.081 0.137 0.058 0.475 0.052 0.043 0.223 0.153
1094.7 0.705 NT NT NT 0.796 0.827 0.676 NT
1094.5 0.811 0.765 0.691 0.384 0.633 0.676 0.720 0.765
1094.2 0.705 0.905 0.705 NT 0.691 0.796 NT 0.858
427.1 0.087 0.342 0.170 0.705 0.058 0.081 0.416 0.287
427.2 0.269 0.780 0.475 0.605 0.195 0.253 0.858 0.662

Left%Ulnae

Ri
gh
t%U

ln
ae
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Table 5.5 Results for Model 1: Os Coxa 

 
 
 
 

Table 5.6 Results for Model 1: Femur 

 
 
 
 

Table 5.7 Results for Model 1: Tibia 

 
 
 
 

Model Two Results 

 Model two compared articulating bone portions. This model uses the difference in 

size of adjoining bone portions. The articulating portions tested using model two were the 

left femoral head and the left acetabulum, the right femoral head and the right acetabulum, 

the distal end of the left femur and the left tibial plateau, and the distal end of the right femur 

637.2 635.1 896.1 897.1 898.1 895.1 351.2
637.1 0.327 0.000 0.000 0.000 0.075 0.013 0.003
635.4 0.000 0.000 0.330 0.166 0.000 0.035 0.003
899.1 0.577 0.021 0.911 0.012 0.116 0.823 0.766
893.1 0.000 0.000 0.355 0.000 0.000 0.022 0.527
894.1 0.002 0.002 0.823 0.655 0.004 0.224 0.374
1351.1 0.000 0.000 0.108 0.027 0.000 0.004 0.044

Left Os Coxae

R
ig

ht
 O

s C
ox

ae

643.1 643.2 1116 1117.2 1118.1 397.2
645.2 0.000 0.536 NT 0.026 NT 0.000
645.1 0.502 0.000 0.000 NT NT 0.000
1115.3 0.000 0.028 0.000 NT NT 0.000
1115.2 0.000 0.944 NT 0.217 NT 0.002
1115.1 0.000 NT NT 0.169 0.297 0.006
399.2 0.874 0.930 0.148 0.536 0.084 0.084
399.1 0.387 0.458 0.023 0.306 0.210 0.791
398.1 NT 0.000 0.000 0.000 0.000 0.560

Left Femora

R
ig

ht
 F

em
or

a

655.2 655.1 1111.1 1111.2 1111.3 1111.4 1341.1 381.4
653.2 0.000 0.820 0.000 0.005 0.036 0.000 0.000 NT
653.1 0.438 0.001 NT 0.000 0.002 NT 0.000 NT
1112.3 NT 0.001 NT 0.517 NT NT 0.795 NT
1112.2 NT 0.000 0.673 NT 0.222 0.000 0.349 NT
1112.1 0.001 0.044 0.318 0.041 0.745 0.000 0.581 0.092
462.1 0.627 0.076 0.000 0.871 0.333 0.000 0.235 0.000
381.2 0.007 0.260 0.581 0.000 0.581 0.000 0.004 0.496
400.1 0.134 0.627 0.302 0.222 0.604 0.001 0.476 0.366

Left Tibiae

R
ig

ht
 T

ib
ia

e
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and the right tibial plateau. Each table represents the results for model two. Each row and 

column represents a single element and the p-values of pairs that could not be segregated are 

highlighted in red.  

 Table 5.8 reports the results for the size of the left femoral head (n=8) when 

compared to the left acetabulum (n=7), using model two. Fifty-six comparisons were made. 

Of these 56 comparisons, 29 of the possible adjoining bones were significantly different and 

therefore differentiated.  

 Table 5.9 reports the results for the size of the right femoral head (n=5) when 

compared to the right acetabulum (n=5), using model two. Twenty-five comparisons were 

made. Of these 25 comparisons, 17 were differentiated.  

 Table 5.10 reports the results for the size of the distal end of the left femur (n=2) 

when compared to the left tibial plateau (n=2), using model two. Four comparisons were 

made. Of the four comparisons, zero were segregated.  

 Table 5.11 reports the results for the size of the distal end of the right femur (n=2) 

when compared to the right tibial plateau (n=1), using model two. Two comparisons were 

made. Of the two comparisons, zero were segregated.  
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Table 5.8 Results for Model 2: Left Femoral Head and Acetabulum 

 
 
 
 

Table 5.9 Results for Model 2: Right Femoral Head and Acetabulum 

 
 
 
 

Table 5.10 Results for Model 2: Left Femur and Left Tibia 

 
 
 
 

Table 5.11 Results for Model 2: Right Femur and Right Tibia 

 
 
 
 
 
 
 

643.1 643.2 1116.0 1117.2 1117.1 1118.1 397.2
637.2 0.220 0.097 0.503 0.000 0.008 0.027 0.004
635.1 0.503 0.270 0.911 0.003 0.037 0.097 0.020
896.1 0.014 0.004 0.057 0.000 0.000 0.001 0.000
897.1 0.141 0.057 0.359 0.000 0.004 0.014 0.002
898.1 0.527 0.000 0.234 0.097 0.428 0.719 0.298
895.1 0.891 0.766 0.487 0.032 0.198 0.392 0.125
353.0 0.503 0.270 0.911 0.003 0.413 0.097 0.020

Left%Femora

Le
ft
%O
s%C

ox
ae

645.2 645.1 1115.3 1115.2 1115.1
637.1 0.160 0.241 0.052 0.000 0.388
635.4 0.033 0.056 0.008 0.000 0.109
893.1 0.000 0.000 0.000 0.000 0.001
894.1 0.347 0.497 0.138 0.000 0.691
1351.1 0.020 0.036 0.004 0.000 0.074

Right Femora

R
ig

ht
 O

s C
ox

ae

1116 1118.1
1111.2 0.537 0.878
1341.1 0.757 0.44

Left Femora

Le
ft 

Ti
bi

ae

1115.3 1115.1
1112.3 0.707 0.353

Right&Femora

Ri
gh
t&O

s&C
ox
ae
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Model Three Results 

Six significant regression equations for bone pairs were calculated. Equations, p-

values, sample size, Pearson’s R correlation, and standard errors are presented in Table 5.12. 

 
 
 

Table 5.12 Regression Results for Model 3 
Equation N R p-value Standard 

Error 
Clavicle=13.392-1.346(Humerus) 251 0.701 0.00 0.199 

Humerus=0.199+0.921(Femur) 294 0.932 0.00 0.025 
Humerus=0.81(Radius)+1.522 251 0.909 0.00 0.023 
Humerus=0.797(Ulna)+1.548 251 0.891 0.00 0.033 
Femur=0.837(Tibia)+1.472 243 0.939 0.00 0.025 
Femur=0.829(Fibula)+1.434 222 0.930 0.00 0.027 

 
 
 
Each table represents the results from the regression equations (Table 5.12). In the following 

tables, each row and column represents a single element and the p-values of the pairs that 

could not be segregated are highlighted in red.  

Table 5.13 reports the results for all comparisons of the humerus (n=11) to the 

clavicle (n=10), for model three. One hundred ten comparisons were made. Of the 110 

comparisons, only 25 were significantly different and segregated.  

 Table 5.14 reports the results for all comparisons of the humerus (n=11) to the radius 

(n=9), for model three. Ninety-nine comparisons were made. Of the 99 comparisons, 70 were 

significantly different and segregated.  

 Table 5.15 reports the results for all comparisons of the humerus (n=11) to the ulna 

(n=7) for model three. Seventy-seven comparisons were made. Of the 77 comparisons, 70 

were significantly different and segregated.  
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Table 5.16 reports the results for all comparisons of the humerus (n=11) to the femur 

(n=12), for model three. One hundred thirty-two comparisons were made. Of the 132 

comparisons, 94 were significantly different and segregated.  

 Table 5.17 reports the results for all comparisons of the femur (n=12) to the tibia 

(n=2), for model three. Twenty-four comparisons were made. Of the 24 comparisons, all 24 

were significantly different and therefore segregated.  

 Table 5.18 reports the results for all comparisons of the femur (n=12) to the fibula 

(n=4), for model three.  Forty-eight comparisons were made. Of those 48 comparisons, 33 

were significantly different and were segregated. 
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Table 5.13 Results for Model 3: Humerus to Clavicle 

 
 
 
 

Table 5.14 Results for Model 3: Humerus to Radius 

 
 
 
 

Table 5.15 Results for Model 3: Humerus to Ulna 

 
 
 
 

Table 5.16 Results for Model 3: Humerus to Femur 

 
 

 
 
 

657.2 657.1 658.2 658.1 1081.2 1081.1 1082.2 1078.1 1078.3 415.3 415.2
583.2 0.056 0.071 0.097 0.069 0.061 0.018 0.084 0.148 0.072 0.112 0.020
583.1 0.072 0.090 0.122 0.089 0.078 0.024 0.106 0.183 0.092 0.141 0.028
582 0.152 0.183 0.238 0.181 0.163 0.058 0.212 0.335 0.188 0.269 0.066

1150.1 0.117 0.143 0.189 0.142 0.126 0.043 0.167 0.273 0.147 0.215 0.049
1147.2 0.326 0.379 0.467 0.376 0.345 0.148 0.425 0.608 0.386 0.512 0.164
1336.1 0.139 0.169 0.220 0.167 0.149 0.052 0.195 0.313 0.173 0.249 0.059
1337.1 0.246 0.289 0.364 0.287 0.261 0.104 0.329 0.489 0.295 0.404 0.117
340.1 0.436 0.498 0.599 0.495 0.458 0.214 0.552 0.757 0.507 0.651 0.234
335.1 0.136 0.164 0.215 0.163 0.146 0.051 0.191 0.306 0.169 0.244 0.058
335.2 0.194 0.231 0.295 0.229 0.207 0.078 0.265 0.407 0.236 0.331 0.864

Humeri

C
la
vi
cl
es

657.2 657.1 658.2 658.1 1081.2 1081.1 1082.2 1078.1 1078.3 415.3 415.2
639.3 0.000 0.026 0.381 0.026 0.006 0.000 0.140 0.299 0.019 0.870 0.000
639.2 0.001 0.019 0.325 0.019 0.004 0.000 0.113 0.352 0.014 0.784 0.000
639.1 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.139 0.000 0.008 0.000
639.4 0.000 0.001 0.038 0.001 0.000 0.000 0.008 0.869 0.000 0.171 0.000
1070.1 0.030 0.190 0.956 0.190 0.064 0.000 0.585 0.050 0.156 0.444 0.000
1070.2 0.000 0.000 0.019 0.000 0.000 0.000 0.003 0.660 0.000 0.101 0.000
1071.4 0.000 0.000 0.025 0.000 0.000 0.000 0.005 0.742 0.000 0.125 0.000
410.1 0.000 0.000 0.029 0.000 0.000 0.000 0.005 0.784 0.000 0.139 0.000
346 0.003 0.033 0.443 0.033 0.008 0.000 0.171 0.250 0.025 0.956 0.000

Humeri

R
ad
ii

657.2 657.1 658.2 658.1 1081.2 1081.1 1082.2 1078.1 1078.3 415.3 415.2
660 0.000 0.001 0.022 0.001 0.000 0.000 0.007 0.339 0.001 0.073 0.000
659 0.001 0.006 0.067 0.006 0.002 0.000 0.025 0.619 0.004 0.182 0.000

1094.4 0.000 0.001 0.015 0.001 0.000 0.000 0.004 0.268 0.001 0.052 0.000
1094.1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.027 0.000 0.002 0.000
1094.3 0.000 0.000 0.006 0.000 0.000 0.000 0.001 0.147 0.000 0.022 0.000
455 0.000 0.000 0.008 0.000 0.000 0.000 0.002 0.181 0.000 0.030 0.000
446.3 0.000 0.001 0.015 0.001 0.000 0.000 0.004 0.269 0.001 0.052 0.000

Humeri

U
ln
ae

657.2 657.1 658.2 658.1 1081.2 1081.1 1082.2 1078.1 1078.3 415.3 415.2
643.1 0.000 0.000 0.000 0.000 0.000 0.029 0.000 0.000 0.000 0.000 0.010
643.2 0.000 0.000 0.000 0.000 0.000 0.435 0.000 0.000 0.000 0.000 0.233
645.2 0.000 0.000 0.000 0.000 0.000 0.435 0.000 0.000 0.000 0.000 0.233
645.1 0.000 0.000 0.000 0.000 0.000 0.023 0.000 0.000 0.000 0.000 0.008
1115.3 0.206 0.606 0.511 0.606 0.325 0.000 0.888 0.022 0.542 0.206 0.000
1115.2 0.000 0.000 0.000 0.000 0.000 0.613 0.000 0.000 0.000 0.000 0.358
1115.1 0.019 0.110 0.672 0.110 0.039 0.000 0.347 0.222 0.091 0.851 0.000
1116 0.574 0.851 0.175 0.851 0.779 0.000 0.399 0.003 0.925 0.050 0.000
1117.2 0.001 0.000 0.000 0.000 0.000 0.963 0.000 0.000 0.000 0.000 0.645
1118.1 0.010 0.067 0.510 0.067 0.022 0.000 0.240 0.323 0.847 0.963 0.000
397.2 0.006 0.001 0.000 0.001 0.002 0.488 0.000 0.000 0.001 0.000 0.781
398.1 0.021 0.002 0.000 0.002 0.010 0.247 0.000 0.000 0.003 0.000 0.459

Humeri

Fe
m
or
a
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Table 5.17 Results for Model 3: Femur to Tibia 

 
 
 
 

Table 5.18 Results for Model 3: Femur to Tibia 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

643.1 643.2 645.2 645.1 1115.3 1115.2 1115.1 1116 1117.2 1118.1 397.2 398.1
1112.3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1111.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Femora

Ti
bi
ae

643.1 643.2 645.2 645.1 1115.3 1115.2 1115.1 1116 1117.2 1118.1 397.2 398.1
437 0.000 0.000 0.000 0.000 0.785 0.000 0.389 0.318 0.000 0.276 0.000 0.000
663.2 0.000 0.000 0.000 0.000 0.389 0.000 0.047 0.892 0.000 0.027 0.001 0.004
1087.2 0.000 0.000 0.000 0.000 0.683 0.000 0.468 0.257 0.000 0.341 0.000 0.000
1087.1 0.000 0.000 0.000 0.000 0.238 0.000 0.964 0.057 0.000 0.856 0.000 0.000

Femora

Fi
bu
la
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Student’s t-test 

 Since regression equations were created that only represent the left side of each 

element, Student’s t-distributions were conducted in order to show that there are no 

significant differences between right and left elements. Therefore, there should be no effect 

on the standard error of the regression equations when right elements are being tested.  The 

results for these t-tests are shown in Table 5.19.  

 
 
 

Table 5.19 Student’s T-Test Results for Comparison of Left and Right Sides of Reference Sample 
Element: p-value: t-value: Degrees of Freedom: 

Clavicle 0.58 0.53 430 

Humerus 0.63 0.48 768 

Radius 0.63 0.48 62 

Ulna 0.73 0.35 56 

Os Coxa 0.96 0.004 60 

Femur 0.81 0.24 708 

Tibia 0.77 0.28 62 

Fibula 0.96 0.05 176 

 
 
 
Juvenile Results 

 Table 5.20 shows the results for juvenile age estimations for the clavicle (n=9). Six 

left clavicles and three right clavicles were present. Of the clavicles present, all were 

segregated but one pair.  
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 Table 5.21 shows the results for juvenile age estimations for the scapula (n=2). Since 

only two scapulae were present, and both were left sides, no segregation could be conducted.  

 Table 5.22 shows the results for juvenile age estimations for the humerus (n=22). 

Eleven left humeri and eleven right humeri were present. Of the present humeri, all were 

segregated except one left humerus that was similar in size and age to two right humeri.  

 Table 5.23 shows the results for the juvenile age estimations for the radius (n=11). 

Five left radii and six right radii were present. Of the present radii, all were segregated but 

one pair. 

 Table 5.24 shows the results for the juvenile age estimations for the ulnae (n=7). 

Three left ulnae and four right ulnae were present. All of the present ulnae were segregated.  

 Table 5.25 shows the results for the juvenile age estimations for the ilium (n=5). All 

ilia present were right side elements and therefore, no segregations could be made.  

 Table 5.26 shows the results for the juvenile age estimations for the femur (n=21). 

Eleven left femora and ten right femora were present. Of the present femora, all were 

segregated but two pairs.  

 Table 5.27 shows the results for the juvenile age estimations for the tibia (n=20). 

Fifteen left tibiae and five right tibiae were present. Of the present femora, all were 

segregated but four possible pairs.  
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Table 5.20 Results for Juvenile Clavicle 

 
 
 
 

Table 5.21 Results for Juvenile Scapula 

 
 
 
 

Table 5.22 Results for Juvenile Humerus 

	  
 

 
 

Side
R
L
L
L
R
L
L
L
R Clavicle 73 3.40years

Clavicle0 138 15.160years
Clavicle 123 14.150years

Clavicle 112 12.130years
Clavicle 134 15.160years

Clavicle 42 0.60months
Clavicle 37 0.60months

Element
Clavicle
Clavicle

Length0(mm) Estimated0Age0
41 0.60months
32 0.60months

Side
L
L 30.9 38+weeks+(prenatal)

Element Length+(mm) Estimated+Age+
Scapula 26.5 34+weeks+(prenatal)
Scapula

Side
R
R
R
R
R
R
L
L
L
R
L
L
L
R
R
R
L
L
L
L
L
R

Element Length.(mm) Estimated.Age.

Humerus 124 2.years

Humerus 265 12.years
Humerus 62 38.weeks.(prenatal)

Humerus 110 1.year
Humerus 240 11.years

Humerus 247 11.years
Humerus 112 1.5.years

Humerus 54 30.weeks.(prenatal)
Humerus 55 32.weeks.(prenatal)

Humerus 62 38.weeks.(prenatal)
Humerus 47 26.weeks.(prenatal)

Humerus 154 4.years
Humerus. 68 1.5.months

62 38.weeks.(prenatal)Humerus
Humerus 54 30.weeks.(prenatal)

Humerus 230 10.years
Humerus 224 8.years

Humerus. 152 3.5.years
Humerus 2.5.years133

Humerus 205 7.years
Humerus 123 1.5F2.years

Humerus 195 7.years
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Table 5.23 Results for Juvenile Radius 

 
 
 
 

Table 5.24 Results for Juvenile Ulna 

 
 
 
 

Table 5.25 Results for Juvenile Ilium 

	  

 

Side
L&
R
R
L
L
R
R
R
L
R
L

Element Length&(mm) Estimated&Age&

Radius 105 3&years
Radius 230 13&years

Radius 102 2.5&years
Radius 162 8?9&years

Radius 53 40&weeks&(prenatal)
Radius 52 40&weeks&(prenatal)

Radius 101 2?2.5&years
Radius 132 5&years

Radius 92 1.5&years
Radius 139 5?6&years

Radius 201 12&years

Side
L
L
L
R
R
R
R Ulna 216 11.12/years

Ulna 54 38/weeks/(prenatal)
Ulna 54 38/weeks/(prenatal)

Ulna 108 2.2.5/years
Ulna 53 38/weeks/(prenatal)

Ulna 62 1.5/months
Ulna 182 8.9/years

Element Length/(mm) Estimated/Age/

Side
R
R
R
R
R

Ilium 25 36.weeks.(prenatal)
Ilium 24 34.weeks.(prenatal)

Ilium 43 7;9.months
Ilium 29 0;3.months

Ilium 32 0;3.months
Element Length.(mm) Estimated.Age.
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Table 5.26 Results for the Juvenile Femur 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Side
L
L
R
L
L
L
L
R
L
L
R
R
R
L
L
R
R
L
R
R
R Femur 56 32/weeks/(prenatal)

Femur 258 5;6/years
Femur 60 34;36/weeks/(prenatal)

Femur 65 34;36/weeks/(prenatal)
Femur 247 4.5;5/years

Femur 388 11;12/years
Femur 244 4.5;5/years

Femur 389 11;12/years
Femur 395 11;12/years

Femur 63 36/weeks/(prenatal)
Femur 350 9;11/years

Femur 142 1/year
Femur 147 1.5;2/years

Femur 63 36/weeks/(prenatal)
Femur 302 7;8/years

Femur 2/years172
Femur 63 36/weeks/(prenatal)

Femur 71 38/weeks/(prenatal)
Femur 78 40/weeks/(prenatal)

Femur 214 3.5;4/years
Femur 172 2/years

Element Length/(mm) Estimated/Age/
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Table 5.27 Results for Juvenile Tibia 

 
 
 
 

Overall Findings 

Results show that most elements could not be segregated from several other elements 

and thus, using only gross and osteometric sorting methods it was impossible to reconstruct 

individuals from the Piggot ossuary site (31CR14). There was one instance in which 

osteometric sorting was able to pair two skeletal elements with observable epiphyseal fusion 

lines suggesting that these elements came from one individual (shown in Figure 6.2). This 

was demonstrated by a non-significant p-value (0.324), epiphyseal fusion lines that put these 

two elements at about the same age, and the presence of a septal aperture on both elements. 

 

 

Side
L
R
L
R
R
L
L
L
L
R
R
L
L
L
L
L
L
L
L
L

Element Length.(mm) Estimated.Age.

Tibia 55 34936.weeks.(prenatal)

Tibia 61 38940.weeks.(prenatal)
Tibia 63 38940.weeks.(prenatal)

Tibia 56 34938.weeks.(prenatal)
Tibia 67 40.weeks.(prenatal)

Tibia 205 596.years
Tibia 125 1.5.years

Tibia 262 899.years
Tibia 246 798.years

Tibia 206 596.years
Tibia 57 34938.weeks.(prenatal)

Tibia 64 38940.weeks.(prenatal)
Tibia 87 396.months

Tibia 205 596.years
Tibia 57 34938.weeks.(prenatal)

Tibia 327 11912.years
Tibia 317 11912.years

Tibia 301 11912.years
Tibia 336 12.years

Tibia 306 11912.years
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CHAPTER 6: Discussion 

 

Osteometric sorting is a good first approach in addition to existing procedures for 

sorting commingled remains. Several advantages include: 1) low cost, 2) it produces results 

quickly, 3) it has relatively low error rates when conducted by trained osteologists, 4) has 

significant power when applied to individuals who are dissimilar in size, and 5) the statistics 

are not complicated and have been well accepted in anthropology (Byrd and Adams 2003). 

However, there are several disadvantages to the method as well: 1) it has relatively low 

power when applied to similar sized individuals, 2) it is negatively impacted by poor 

preservation or extreme fragmentation which can prevent measurement, and 3) the impacts of 

secular trend, handedness, ancestry, and sex are unknown (Byrd and Adams 2003). Speaking 

to the latter concern, the JPAC-CIL database was chosen for this study due to the availability 

of the necessary non-standard measures and time constraints.  

The sorting of commingled remains is an inductive process. The process must 

advance stepwise though an assemblage using several techniques to infer whether or not each 

pair of bones under consideration could have originated from a single individual. While some 

methods are stronger (i.e., visual pair-matching, osteometric sorting, DNA profiles) than 

others (i.e., estimation of age, estimation of stature, taphonomical comparison), after all 

reasonable methods have been performed, the end result is, hopefully segregated skeletons 

with a high degree of confidence that every bone attributed to each skeleton, did indeed 

originate from that single individual.  
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 Osteometric sorting is best at distinguishing individuals who are dissimilar in size, 

which is shown in Figure 6.1. Individuals who are of approximately the same size and to 

some extent shape are often unable to be distinguished due to the lack of disparate body 

proportions. Because of the low level of sexual dimorphism in the Piggot sample and the use 

of a modern “healthy” reference sample, osteometric sorting did not perform well 

(McDowell, 2014).  If sex was known, and the individuals could be sorted separately by sex, 

the models would have likely performed better. This would have eliminated the overlap of 

large females being sorted with more gracile males.  

 
 
 

 
Figure 6.1 Comparison of humeri that are dissimilar in size: 415.3-1082.2 (p=0.041) 

 
 
 

The gross and metric sorting procedures can be accurately and objectively applied to 

instances of small-scale commingling, and are extremely useful for large-scale commingling 
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but as the number of individuals increases, prevalence of individuals who are of a similar size 

will likely also increase, which makes the osteometric sorting less powerful as a method.  

The maximum length of the bone was used in several instances to rule out possible 

matches. This was due to the rare event that an individual’s right and left elements were 

significantly different. Length asymmetries are less pronounced and less variable between 

and within populations than diaphyseal asymmetries, and therefore make maximum length an 

appropriate choice for segregation evaluation (Auerbach and Ruff 2006). In the Student’s t-

tests provided in Table 5.19, it is shown that elements from the right and left side should not 

be significantly different. Therefore, those possible pairs that exhibited stark differences in 

maximum length could be segregated.  

 
 
 

 
Figure 6.2 Epiphyseal Fusion Lines and Septal Aperture Used to Pair 

Two Humeri: 1078.3-1081.2 
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The use of age and epiphyseal fusion was demonstrated in the sorting process, which 

is shown in Figure 6.2. Those elements that exhibited epiphyseal fusion lines were not paired 

with those elements that did not, especially in model one. One can expect that a right 

humerus that exhibited epiphyseal fusion lines and a left humerus that did not exhibit 

epiphyseal fusion lines would not have originated from a single individual.  

Visual pair-matching was performed before any osteometric sorting was conducted. 

Visual pair-matching, in this case, relied on size (length and width), overall shape, shape of 

processes, shape of articular facets, any skeletal anomalies present (in this case, the most 

common was a septal aperture of the humerus), and taphonomy. In this study, once 

osteometric sorting was conducted, those bone pairs that were sorted together (p>0.10), were 

then set aside and further comparisons were made (Figure 6.2).  

Since there are strong correlations between the sizes on bones of the skeleton, the use 

of osteometric sorting removes any subjective judgment and relies solely on statistics to 

make the decision. There are several advantages and disadvantages to the use of osteometric 

sorting in large-scale comminglings. Firstly, only experienced osteologists should be 

performing these procedures, or the results may be incomplete or incorrect. Measurements 

must be taken correctly or the statistical models are unfounded (Byrd and Adams 2003). One 

must also be able to recognize bone parts that are diseased, traumatized, or badly damaged 

postmortem, and exclude them from any measurements taken. 

In a study done by Adams and Byrd (2002) on interobserver error, they noted that 

there are several types of errors committed while recording measurements, in a group of 

individuals whose experience varied. These types of errors included: 1) transposed numbers, 
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2) decimal place errors, 3) failure to “zero” the digital calipers, 4) recording the wrong 

measurement, and 5) general misunderstanding of the measurement definition or skeletal 

landmarks. They found that those individuals with 0-1 year of experience were the worst, 

with 43% needing to have at least one measurement modified; the most experienced group, 

10+ years, did not have any entries that needed to be adjusted (error types 1-4) (Adams and 

Byrd 2002). More surprising however, is that they found that individuals who had errors that 

need to be deleted due to extreme and unexplainable errors, is not as dependent on the level 

of experience (Figure 6.3). 

 
 
 

 
Figure 6.3 Results of Data Cleaning Process (Adams and Byrd 2002) 

 
 
 

Second, large-scale commingling involves large numbers of individuals whose 

skeletons are mixed in a random manner. Cases where the number of individuals is not large 

but the represented elements are highly fragmentary can also greatly complicate the sorting 

process. With extensive fragmentation, it can be the case that the majority of the elements 
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cannot be associated using traditional methods and therefore cannot be attributed to an 

individual.  

The strength of osteometric sorting is that it can be used to sort remains that could not 

be segregated through other means, such as visual pair-matching. The real strength of this 

method is to recognize inconsistent relationships that lead to the exclusion of an association 

(Byrd and Adams 2003). Inherently, some elements demonstrate greater correlations with 

each other than with others. These correlations can be seen in Table 5.12, with the femur and 

the tibia showing the highest correlation at 0.939.  

In most cases, it is not possible to osteometrically segregate individuals that exhibit 

similar body proportions, which can be problematic in large-scale comminglings. Therefore, 

the power of the method is determined by the inherent allometric relationships among 

skeletal elements, as well as the size differences among the commingled individuals (Byrd 

and Adams 2003). The range of variation for femur length in the Piggot ossuary site 

(31CR14) is provided in Table 6.1. There is a relationship between the power of the method 

and the variation in the overall sizes of the individuals represented in the commingled 

assemblage (Byrd and Adams 2003).  This was demonstrated in the Piggot ossuary example. 

Individuals were sorted into groups of similar size and shape using osteometric sorting. 

 
 
 

Table 6.1 Range of Variation for Femur Maximum Length in Piggot Ossuary 

Maximum Minimum Mean Standard 
Deviation 

448mm 412mm 429.33mm 11.94mm 
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In a study conducted by Byrd and Adams (2003), the power of the method is also 

related to the size of the prediction interval, such that there is an increase in power as the 

prediction interval is narrowed (shown in Figure 6.3); in this study, the 90% PI is utilized. 

 
 
 

 
Figure 6.4 Power index showing the relationship of stature (standard deviation) and osteometric sorting  

(Byrd and Adams 2003) 

 
 
 

In several studies, (LeGarde 2012; Auerbach and Ruff 2006) skeletal breadths have 

shown greater degrees of asymmetry than maximum length of a bone. Some studies have 

indicated that this is due to the breadth measurements’ dependency on muscularity and 

changes throughout life. According to LeGarde (2012), bilateral asymmetry of the humerus 

can effect certain measurements and therefore adversely affect the osteometric sorting 

process. This was not consistent with the radius and femur; these elements exhibited little to 

no bilateral asymmetry (LeGarde 2012). The use of length and breadth measurements 
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together leads to less asymmetric interference in the sorting process. However, commingled 

human remains are often fragmented so the inclusion of both is not always possible, although 

when elements are fragmented, it is best to use at least two measurements (LeGarde 2012). It 

is also beneficial to consider that that there is more asymmetry between the upper limbs 

when compared to the lower limbs. However, no significant correlations were found within 

individuals between asymmetry in bone lengths and asymmetry in diaphyseal breadths 

(Auerbach and Ruff 2006). It is unclear how bilateral asymmetry may have affected the 

osteometric sorting of the Piggot ossuary site (31CR14). It is possible that since there was not 

a large degree of sexual dimorphism, which according to McDowell (2014) suggests an 

unhealthy population, there may be a larger degree of bilateral asymmetry.  

In this study, juvenile remains were sorted by estimated age and element. Since there 

are no models for the osteometric sorting of juvenile remains, the most accurate method of 

sorting was to create a table based on estimated age-at-death, element, and side. In most 

cases, an element was grouped with only one or two other elements. Only left and right 

comparisons were made for juvenile remains. This was due to the previously mentioned lack 

of methods for sorting juvenile remains.  

Overall, the results demonstrate that osteometric sorting is best at segregating 

individuals who are too different to have possibly originated from a single individual. This 

method uses the variation in the data set to determine whether the differences in the two 

bones being considered are significant or not. This method alone is not sufficient to sort 

commingled human remains in a large-scale scenario. However, it is an excellent first 

approach and combined with other methods can prove to be quite successful.  
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CHAPTER 7: Conclusion 

 

The outcome of this study shows that osteometric sorting can be an good first-

approach to situations of large-scale commingling, provided the commingled individuals 

have a degree of size variation and the reference sample is contemporaneous. In the case of 

the Piggot ossuary site (31CR14), paired with visual-pair matching, taphonomy, and age-at-

death estimations (for juvenile remains), it is possible to sort the remains into groups of 

similar size. However, other methods must be employed in order to segregate the individuals 

further.  

For model one, about 50% of the possible bone pairs could be segregated using 

osteometric sorting. For model two, about 30% of the possible bone pairs could be 

segregated using osteometric sorting. For model 3, about 71% of the possible bone pairs 

could be segregated using osteometric sorting. In order to segregate these individuals further, 

more specific methods would need to be applied. Currently, the gold standard for the 

segregation of large-scale commingling is the use of DNA profiles.  

Limitations 

 The most obvious limitation in this study is the lack of using a contemporaneous and 

more appropriate reference sample that will affect the osteometric sorting models 

dramatically due to their dependence on the population parameters generated from the 

reference data.  

Another limitation to this study is the level of experience with the standard (Buikstra 

and Ubelaker 1994) and non-standard (Byrd and Adams 2003) measurement definitions. 
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According to Adams and Byrd (2002), the rate of error decreases with experience. While 

every effort was made to remove careless mistakes like transposing numbers and decimal 

placement mistakes, there was also a fair amount of unfamiliarity with the measurement 

definitions.  

Suggestions for Future Research 

 Additional research is necessary to further develop the methods used to segregate 

individuals in a large-scale commingling situation. While the osteometric sorting method 

does recognize dissimilarities in size between bones, it is not specific in its approach to the 

recognition of shape disparities in bone. Further research could include the use of shape 

analyses like Elliptical Fourier Analysis to recognize subtle differences in shape when two 

bones are similar in size and osteometric sorting has exhausted its usefulness.  

 Since there is a fair degree of error in the recording of measurement data (Adams and 

Byrd 2002), the development of a computer program that will recognize outliers with regard 

to measurement data and the expedition of the calculation of D values would greatly improve 

the osteometric sorting process. The use of data input software would also have benefitted 

this study by reducing data input errors. It would also have been useful to consider a 

Technical Error of Measurement (TEM) study here. This would allow insight into the former 

and the latter concerns by recognizing measurement error and/or measurement recording 

errors.  

 Developing a database that includes the Byrd and Adams (2003) measurements on an 

archaeological sample, will likely yield better results and allow for more accurate sorting of 

archaeological commingled human remains.  
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Appendix I: Measurement Definitions 
 
 
 

Table 8.1 Measurement Definitions 

Number Element Measurement Description 

35 Clavicle Maximum Length maximum distance 
between the most 

extreme ends of the 
clavicle 

36 Clavicle Sagittal Diameter at 
Midshaft 

distance from the 
anterior to the posterior 

surface at midshaft 
37 Clavicle Vertical Diameter 

at Midshaft 
distance from the 

superior to the inferior 
surface at midshaft 

40 Humerus Maximum Length direct distance from the 
most superior point on 

the head of the humerus 
to the most inferior 

point on the trochlea 
41 Humerus Epicondylar 

Breadth 
distance of the most 
laterally protruding 
point on the lateral 

epicondyle from the 
corresponding 

projection of the medial 
condyle 

42 Humerus Vertical Diameter 
of Head 

direct distance between 
the most superior and 
inferior points on the 
border of the articular 

surface 
42A Humerus Anterior-Posterior 

Breadth of Head 
the maximum breadth of 
the humeral head taken 
in the anterior-posterior 
direction on the articular 

surface 
43  Humerus Maximum Diameter 

at Midshaft 
maximum diameter at 

midshaft 
44 Humerus Minimum Diameter 

at Midshaft 
minimum diameter at 

midshaft 
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Table 8.1 Continued 

45 Radius Maximum Length distance from the most 
proximally positioned 

point on the head of the 
radius to the tip of the 
styloid process without 
regard for the long axis 

of the bone 
46 Radius Anterior-Posterior 

Diameter at 
Midshaft 

distance between 
anterior and posterior 
surfaces at midshaft 

47 Radius Medial-Lateral 
Diameter at 

Midshaft 

distance between medial 
and lateral surfaces at 

midshaft 
47A Radius Maximum Diameter 

at the Radial 
Tuberosity 

the maximum shaft 
diameter on the radial 

tuberosity 
47B Radius Maximum Diameter 

of the Diaphysis 
Distal to the Radial 

Tuberosity 

the maximum shaft 
diameter distal to the 

radial tuberosity, 
positioned along the 

interosseous crest 
47C Radius Minimum Diameter 

of the Diaphysis 
Distal to the Radial 

Tuberosity: 

the minimum shaft 
diameter anywhere 
distal to the radial 

tuberosity 
47D Radius Maximum Diameter 

of the Head 
position the calipers 

around the radial head 
and rotate the bones 
until the maximum 
distance is obtained 

48 Ulna Maximum Length distance from the most 
superior point on the 

olecranon process to the 
most inferior point on 

the styloid process 
49 Ulna Anterior-Posterior 

Diameter 
maximum diameter of 

the diaphysis at the 
level of greatest crest 

development 
50 Ulna Medial-Lateral 

Diameter 
distance between medial 

and lateral surfaces at 
the level of greatest 
crest development 
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Table 8.1 Continued 

51 Ulna Physiological 
Length 

distance between the 
most distal point on the 
surface of the coronoid 
process and the most 

distal point on the 
inferior surface of the 
distal head of the ulna 

51A Ulna Minimum Diameter 
of the Diaphysis, 

Including the 
Interosseous Crest 

locate the minimum 
diameter of the 

diaphysis along the 
portion of the bone that 

includes the 
interosseous crest. This 
measurement may not 
necessarily include the 
interosseous crest, but 
should be taken on that 

part of the shaft that 
exhibits the crest 

51B Ulna Minimum Diameter 
of the Diaphysis 

this measurement will 
be found near the distal 
epiphysis of the ulna. 
The bone should be 

rotated in order to locate 
the minimum distance 

51C Ulna Breadth of the 
Semilunar Notch 

this is a measure of only 
the distal surface of the 

semilunar notch (the 
base). In order to obtain 
the distance, one end of 

the calipers is 
positioned within the 

radial notch 
(approximate midpoint), 
roughly parallel to the 
shaft. The other end of 

the calipers is applied to 
the medial edge of the 

semilunar notch to 
obtain the maximum 

distance 
56 Os Coxa Height distance form the most 

superior point on the 
iliac crest to the most 
inferior point on the 

ischial tuberosity 
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Table 8.1 Continued 

57 Os Coxa Iliac Breadth distance from the 
anterior-superior iliac 
spine to the posterior-

superior iliac spine 
58 Os Coxa Pubis Length distance from the point 

in the acetabulum where 
the three elements of the 

os coxa meet to the 
upper end of the pubic 

symphysis 
59 Os Coxa Ischium Length distance from the point 

in the acetabulum where 
the three elements meet 
to the point in which the 

axis od the ischium 
crosses the ischial 

tuberosity 
59A Os Coxa Thickness of the 

Ilium at the Sciatic 
Notch 

position one end of the 
calipers along the 

arcuate line, adjacent to 
the apex of the auricular 

surface. Slide the 
opposing end of the 
calipers to the lateral 
surface of the ilium to 

obtain the measurement 
59E Os Coxa Maximum Diameter 

of the Acetabulum 
the maximum distance 

of the acetabulum taken 
at any two points along 
the articular border of 

the lunate surface. This 
distance is commonly 
found in line with the 

iliac crest and the 
ischial tuberosity 

60 Femur Maximum Length distance from the most 
superior point on the 

head of the femur to the 
most inferior point on 

the distal condyles 
61 Femur Bicondylar Length distance from the most 

superior point on the 
head to a plane drawn 

along the inferior 
surfaces of the distal 

condyles 
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Table 8.1 Continued 

62 Femur Epicondylar 
Breadth 

distance between the 
two most laterally 

projecting points on the 
epicondyles 

63 Femur Maximum Head 
Diameter 

the maximum diameter 
of the femur head, 
wherever it occurs. 

64 Femur Anterior-Posterior 
Subtrochanteric 

Diameter 

distance between 
anterior and posterior 

surfaces at the proximal 
end of the diaphysis, 

measured perpendicular 
to the medial-lateral 

diameter 
65 Femur Medial-Lateral 

Subtrochanteric 
Diameter 

distance between medial 
and lateral surfaces of 

the proximal end of the 
diaphysis at the point of 

its greatest lateral 
expansion below the 

base of the lesser 
trochanter 

66 Femur Anterior-Posterior 
Midshaft Diameter 

distance between 
anterior and posterior 

surfaces measured 
approximately at the 

midpoint of the 
diaphysis, at the highest 
elevation of linea aspera 

67 Femur Medial-Lateral 
Midshaft Diameter 

distance between the 
medial and lateral 

surfaces at midshaft, 
measured perpendicular 
to the anterior-posterior 

diameter (#66) 
68A Femur Minimum Anterior-

Posterior Diameter 
of the Diaphysis 

the minimum anterior-
posterior diameter 

anywhere along the 
diaphysis. The linea 
aspera and condyles 
should be utilized in 

order to orient the bone 
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Table 8.1 Continued 

68E Femur Maximum Diameter 
Along the Linea 

Aspera 

the maximum shaft 
diameter at any point 
along the linea aspera. 
As the bone should be 
rotated to obtain the 

maximum distance, the 
measurement does not 

necessarily have to 
include the linea aspera, 

though it likely will 
69 Tibia Length distance from the 

superior articular 
surface of the lateral 

condyle to the tip of the 
medial malleolus 

70 Tibia Maximum Proximal 
Epiphyseal Breadth 

maximum distance 
between the two most 

laterally projecting 
points on the medial and 
lateral condyles of the 

proximal articular 
region (epiphyses). 

Tibia diaphyses should 
parallel the upright of 
the osteometric board 

71 Tibia Maximum Distal 
Epiphyseal Breadth 

maximum distance 
between the two most 

laterally projecting 
points on the medial 

malleolus and the lateral 
surface of the distal 

articular region 
(epiphysis) 

72 Tibia Maximum Diameter 
at the Nutrient 

Foramen 

distance between the 
anterior crest and the 

posterior surface at the 
level of the nutrient 

foramen 
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Table 8.1 Continued 

73 Tibia Medial-Lateral 
Diameter at the 

Nutrient Foramen 

straight line stance of 
the medial margin from 
the interosseous crest at 
the level of the nutrient 

foramen 
74A Tibia Maximum Anterior-

Posterior Diameter 
Distal to the 

Popliteal Line 

this measurement 
should be taken at the 

most distal point of the 
popliteal line where it 

intersects with the 
margin of the diaphysis. 
One jaw of the calipers 
is placed on the margin, 
and the other is rotated 
to find the maximum 

distance. Note that the 
correct location may be 
difficult to determine in 
very gracile individuals 

74B Tibia Minimum Anterior-
Posterior Diameter 

locate the minimum 
anterior-posterior 

distance at any point on 
the tibial shaft. Use the 

medial malleolus to 
orient the bone 

75 Fibula Maximum Length maximum distance 
between the most 

superior point on the 
fibula head and the most 

interior point on the 
lateral malleolus 

76 Fibula Maximum Diameter 
at Midshaft 

maximum diameter at 
midshaft 
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APPENDIX II: D-values for Models One and Two 

 

Model One 
 
 
 

Table 8.2 D-values for Clavicle 

 
 
 
 

Table 8.3 D-values for Humerus 

 
 
 
 

Table 8.4 D-values for Femur 

 
 

583.1 1147.2 1147.1 1336.1 335.1 335.2
583.2 3.7 32.2 9.2 14.2 13.8 20.4
1337.1 21.8 6.7 0.3 11.3 11.7 5.1

582 12.2 16.3 7.3 1.7 2.1 4.5
1150.1 7.6 20.9 7.3 2.9 2.5 9.1
340.1 36.3 7.8 3.2 25.8 26.2 19.6

Left Clavicles

R
ig

ht
 C

la
vi

cl
es

657.2 657.1 1081.2 1081.1 1081.3 1082.2 341.1
658.2 14.7 10.8 12.3 NT 1.8 1.3 2.1
658.1 6.4 2.5 4 NT 1.3 7 1.6
1079.2 4.9 5.9 7.5 0.6 2.8 1.2 2.5
1079.1 4 5 6.6 4.9 1.9 1.2 1.6
1078.1 29.1 25.2 26.7 1.8 4.5 15.7 4.8
1078.3 4.8 0.9 3.8 NT 5.8 8.6 6.1
415.3 21.3 17.4 18.9 10 1 7.9 0.7
415.2 9 6.1 3.6 19.3 2.4 2.4 2.4
415.1 1 3 0.6 1.3 2.9 0.7 1.6

Left Humeri

R
ig

ht
  H

um
er

i

643.1 643.2 1116 1117.2 1118.1 397.2
645.2 29.9 3.5 NT 12.6 NT 22.4
645.1 3.8 37.2 37.9 NT NT 39.1
1115.3 20.9 12.5 25.3 NT NT 25.7
1115.2 33.8 0.4 NT 7 NT 17.3
1115.1 51.8 NT NT 7.8 5.9 15.5
399.2 0.9 0.5 8.2 3.5 1.8 9.8
399.1 4.9 4.2 12.9 5.8 7.1 1.5
398.1 NT 43.6 76.3 35.6 22.9 3.3

Left Femora

R
ig

ht
 F

em
or

a
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Table 8.5 D-values for Os Coxa 

 
 
 
 

Table 8.6 D-values for Radius 

 
 
 
 

Table 8.7 D-values for Ulna 

 
 
 
 

Table 8.8 D-values for Tibia 

 
 
 

637.2 635.1 896.1 897.1 898.1 895.1 351.2
637.1 2.65 13.75 17.55 11.1 4.9 7 8.5
635.4 13.27 20.37 2.63 3.77 10.97 5.87 8.5
899.1 1.5 6.5 0.3 7.1 4.3 0.6 0.8
893.1 17.3 12.2 2.5 11.3 17.5 6.4 1.7
894.1 9.2 9.1 0.6 1.2 8.4 3.3 2.4
1351.1 14.2 14.1 4.4 6.2 13.4 8.3 5.6

Left Os Coxae

R
ig

ht
 O

s C
ox

ae

639.3 639.1 1071.2 1071.1 1071.4 1071.6 1071.5 1071.3 416.3 416.1 346
639.2 0.4 2.2 8.4 8.2 8.7 7 2.1 7.4 6.1 0.9 5
639.4 7.7 5.9 5.3 16.4 0.5 3.9 1 4.3 3 0.9 13.1
1070.1 7.9 9.7 9.9 2.7 14.2 8.5 3.6 7 4.7 1 2.5
1070.2 6.1 4.3 9.9 16.5 0.4 8.5 3.6 6.1 7.6 1.9 11.5
1368.1 3 1 9.7 4.3 4.2 8.4 4.2 7.5 8.6 3.1 1.2
410.1 8.2 6.4 5.8 15.6 1.3 4.4 0.5 5.6 3.5 1.7 13.6
410.2 5.7 7.7 1 4.4 4.5 0.3 4.5 0.8 0.1 1.1 9.9
410.3 0.8 2.8 5.9 0.5 0.4 4.6 0.4 5 4.8 1.8 5

Left Radii

R
ig

ht
 R

ad
ii

659 1095.3 1370.1 1370.2 455 446.3 446.1 446.2
660 34.4 1.5 2 4.4 NT 58.8 36.6 2.5

1094.4 2.9 3.3 6.8 1.5 4.2 21.5 3.1 3.3
1094.1 9.6 9.5 13 2.8 8.3 34 0.9 9.9
1094.3 4.2 0.8 2.7 5.6 2 28.6 0.5 2.3
1094.6 9 7.6 9.8 3.6 10.1 10.5 6.2 7.3
1094.7 1.9 NT NT NT 1.3 1.1 2.1 NT
1094.5 1.2 1.5 2 4.4 2.4 2.1 1.8 1.5
1094.2 1.9 0.6 1.9 NT 2 1.3 NT 0.9
427.1 8.8 4.8 7 1.9 9.8 9 4.1 5.4
427.2 5.6 1.4 3.6 2.6 6.6 5.8 0.90 2.2

Left Ulnae

R
ig

ht
 U

ln
ae

655.2 655.1 1111.1 1111.2 1111.3 1111.4 1341.1 381.4
653.2 13.8 0.7 15.8 9.2 6.7 23.1 14.4 NT
653.1 2.4 10.7 NT 20.6 10.1 NT 25.8 NT
1112.3 NT 10.9 NT 2 NT NT 0.8 NT
1112.2 NT 15.2 1.3 NT 3.8 29.9 2.9 NT
1112.1 11.5 6.4 3.1 6.5 1 17.4 1.7 5.3
462.1 1.5 5.6 14.1 0.5 3 19.4 3.7 15.3
381.2 8.9 3.5 1.7 16.2 1.7 13.5 9.4 2.1
400.1 4.7 1.5 3.2 3.8 1.6 10.8 2.2 2.8

Left Tibiae

R
ig

ht
 T

ib
ia

e
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Model Two 
 
 
 

Table 8.9 D-values for Left Femur to Acetabulum 

 
 
 
 

Table 8.10 D-values for Right Femur to Acetabulum 

 
 
 
 

Table 8.11 D-values for Left Femur to Left Tibia 

 
 
 
 

Table 8.12 D-values for Right Femur to Right Tibia 

 
 

643.1 643.2 1116.0 1117.2 1117.1 1118.1 397.2
637.2 7.6 6.9 8.5 3.9 5.3 7.9 4.9
635.1 8.5 7.8 9.4 4.8 6.2 8.8 5.8
896.1 5.6 4.9 6.5 1.9 3.3 5.9 2.9
897.1 7.2 6.5 8.1 3.5 4.9 7.5 4.5
898.1 10.6 9.9 11.5 6.9 8.3 10.9 7.9
895.1 9.8 9.1 10.7 6.1 7.5 10.1 7.1
353.0 8.5 7.8 9.4 4.8 6.2 8.8 5.8

Left Femora

Le
ft 

O
s C

ox
ae

645.2 645.1 1115.3 1115.2 1115.1
637.1 7.8 8.1 7.1 4 8.5
635.4 6.84 7.14 6.14 3.04 7.54
893.1 4.6 4.9 3.9 0.8 5.3
894.1 8.4 8.7 7.7 4.6 9.1
1351.1 6.6 6.9 5.9 2.8 7.3

Right Femora

R
ig

ht
 O

s C
ox

ae

1116 1118.1
1111.2 4 5
1341.1 6 7

Left Femora

Le
ft 

Ti
bi

ae

1115.3 1115.1
1112.3 7 3

Right Femora

R
ig

ht
 T

ib
ia
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APPENDIX III: T-values for Models One, Two, and Three 

 

Model One 
 
 
 

Table 8.13 T-values for Clavicle 

 
 
 
 

Table 8.14 T-values for Humerus 

 
 
 
 

Table 8.15 T-values for Femur 

 
 

583.1 1147.2 1147.1 1336.1 335.1 335.2
583.2 1.107 9.635 2.753 4.249 4.129 23.742
1337.1 6.523 2.005 0.090 3.381 3.501 1.526

582 3.651 4.877 2.184 0.509 0.628 1.346
1150.1 2.274 6.254 2.184 0.868 0.748 2.723
340.1 10.862 2.334 0.958 7.720 7.840 5.865

Left Clavicles 

R
ig

ht
 C

la
vi

cl
es

657.2 657.1 1081.2 1081.1 1081.3 1082.2 341.1
658.2 3.824 2.809 3.200 NT 0.468 0.338 0.546
658.1 1.665 0.650 1.041 NT 0.338 1.821 0.416
1079.2 1.275 1.535 1.951 0.156 0.728 0.312 0.650
1079.1 1.041 1.301 1.717 1.275 0.494 0.312 0.416
1078.1 7.570 6.555 6.946 0.468 1.171 4.084 1.249
1078.3 1.249 0.234 0.989 NT 1.509 2.237 1.587
415.3 5.541 4.526 4.917 2.601 0.260 2.055 0.182
415.2 2.341 1.587 0.936 5.021 0.624 0.624 0.624
415.1 0.260 0.780 0.156 0.338 0.754 0.182 0.416

Left Humeri

R
ig

ht
 H

um
er

i

643.1 643.2 1116 1117.2 1118.1 397.2
645.2 5.288 0.619 NT 2.228 NT 3.961
645.1 0.672 6.579 6.703 NT NT 6.915
1115.3 3.696 2.211 4.474 NT NT 4.545
1115.2 5.978 0.071 NT 1.238 NT 3.060
1115.1 9.161 NT NT 1.379 1.043 2.741
399.2 0.159 0.088 1.450 0.619 1.733 1.733
399.1 0.867 0.743 2.281 1.026 1.256 0.265
398.1 NT 7.711 13.494 6.296 4.050 0.584

Left Femora

R
ig

ht
 F

em
or

a
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Table 8.16 T-values for Os Coxa 

 
 
 
 

Table 8.17 T-values for Radius 

 
 
 
 

Table 8.18 T-values for Tibia 

 
 
 
 

637.2 635.1 896.1 897.1 898.1 895.1 351.2
637.1 0.997 5.172 6.601 4.175 1.843 2.633 3.197
635.4 4.992 7.662 0.989 1.418 4.126 2.208 3.197
899.1 0.564 2.445 0.113 2.671 1.617 0.226 0.301
893.1 6.507 4.589 0.940 4.251 6.583 2.407 0.639
894.1 3.461 3.423 0.226 0.451 3.160 1.241 0.903
1351.1 5.341 5.304 1.655 2.332 5.040 3.122 2.106

Left Os Coxae
R

ig
ht

 O
s C

ox
ae

639.3 639.1 1071.2 1071.1 1071.4 1071.6 1071.5 1071.3 416.3 416.1 346
639.2 0.127 0.699 2.669 2.605 2.764 2.224 0.667 2.351 1.938 0.286 1.588
639.4 2.446 1.874 1.684 5.210 0.159 1.239 0.318 1.366 0.953 0.286 4.162
1070.1 2.510 3.082 3.145 0.858 4.511 2.700 1.144 2.224 1.493 0.318 0.794
1070.2 1.938 1.366 3.145 5.242 0.127 2.700 1.144 1.938 2.414 0.604 3.653
1368.1 0.953 0.318 3.082 1.366 1.334 2.669 1.334 2.383 2.732 0.985 0.381
410.1 2.605 2.033 1.843 4.956 0.413 1.398 0.159 1.779 1.112 0.540 4.321
410.2 1.811 2.446 0.318 1.398 1.430 0.095 1.430 0.254 0.032 0.349 3.145
410.3 0.254 0.890 1.874 0.159 0.127 1.461 0.127 1.588 1.525 0.572 1.588

Left Radii

R
ig

ht
 R

ad
ii

655.2 655.1 1111.1 1111.2 1111.3 1111.4 1341.1 381.4
653.2 4.522 0.229 5.177 3.015 2.195 7.569 4.719 Nt
653.1 0.786 3.506 NT 6.750 3.310 NT 8.454 NT
1112.3 NT 3.572 NT 0.655 NT NT 0.262 NT
1112.2 NT 4.981 0.426 NT 1.245 9.797 0.950 NT
1112.1 3.768 2.097 1.016 2.130 0.328 5.702 0.577 1.737
462.1 0.492 1.835 4.620 0.164 0.983 6.357 1.212 5.013
381.2 2.916 1.147 0.577 5.308 0.557 4.424 3.080 0.688
400.1 1.540 0.492 1.049 1.245 0.524 3.539 0.721 0.917

Left Tibiae

R
ig

ht
 T

ib
ia

e
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Table 8.19 T-values for Ulna 

 
 
 
 

Model Two 
 
 
 

Table 8.20 T-values for Left Femur to Acetabulum 

 
 
 
 

Table 8.21 T-values for Right Femur to Acetabulum 

 
 
 
 

659 1095.3 1370.1 1370.2 455 446.3 446.1 446.2
660 6.917 0.302 0.402 0.885 NT 11.823 7.359 0.503

1094.4 0.583 0.664 1.367 0.302 0.844 4.323 0.623 0.664
1094.1 1.930 1.910 2.614 0.563 1.669 6.836 0.181 1.991
1094.3 0.844 0.161 0.543 1.126 0.402 5.750 0.101 0.462
1094.6 1.810 1.528 1.970 0.724 2.031 2.111 1.247 1.468
1094.7 0.382 NT NT NT 0.261 0.221 0.422 NT
1094.5 0.241 0.302 0.402 0.885 0.483 0.422 0.362 0.302
1094.2 0.382 0.121 0.382 NT 0.402 0.261 NT 0.181
427.1 1.769 0.965 1.407 0.382 1.970 1.810 0.824 1.086
427.2 1.126 0.281 0.724 0.523 1.327 1.166 0.181 0.442

Left Ulnae
R

ig
ht

 U
ln

ae

643.1 643.2 1116.0 1117.2 1117.1 1118.1 397.2
637.2 1.229 1.664 0.670 3.527 2.658 1.043 2.906
635.1 0.670 1.105 0.112 2.968 2.099 0.484 2.347
896.1 2.471 2.906 1.912 4.769 2.899 2.285 4.148
897.1 1.478 1.912 0.919 3.775 2.906 1.291 3.154
898.1 0.634 3.951 1.192 1.664 0.795 0.820 1.043
895.1 0.137 0.298 0.696 2.161 1.291 0.323 1.540
353.0 0.670 1.105 0.112 2.968 2.099 0.484 2.347

Left Femora

Le
ft 

O
s C

ox
ae

645.2 645.1 1115.3 1115.2 1115.1
637.1 1.413 1.179 1.960 4.380 0.867
635.4 2.163 1.929 2.709 5.129 1.616
893.1 3.911 3.677 4.458 6.878 3.365
894.1 0.945 0.711 1.491 3.911 0.399

1351.1 2.350 2.116 2.897 5.317 1.804

Right Femora

R
ig

ht
 O

s C
ox

ae
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Table 8.22 T-values for Left Femur to Left Tibia 

 
 
 
 

Table 8.23 T-values for Right Femur to Tibia 

 
 
 
 
Model Three 
 
 
 

Table 8.24 T-values for Humerus to Clavicle 

 
 
 
 

Table 8.25 T-values for Humerus to Radius 

 
 
 

1116 1118.1
1111.2 0.618 0.154
1341.1 0.309 0.773

Left Femora

Le
ft 

Ti
bi

ae

1115.3 1115.1
1112.3 0.376 0.932

Right Femora
R

ig
ht

Ti
bi

ae

657.2 657.1 658.2 658.1 1081.2 1081.1 1082.2 1078.1 1078.3 415.3 415.2
583.2 1.922 1.812 1.668 1.825 1.885 2.388 1.737 1.450 1.806 1.594 2.333
583.1 1.806 1.704 1.552 1.710 1.769 2.273 1.621 1.335 1.691 1.478 2.217
582 1.437 1.335 1.183 1.340 1.399 1.903 1.252 0.965 1.321 1.109 1.848
1150.1 1.571 1.469 1.316 1.474 1.534 2.037 1.386 1.099 1.455 1.243 1.982
1147.2 0.984 0.882 0.729 0.887 0.947 1.450 0.799 0.513 0.868 0.656 1.395
1336.1 1.483 1.381 1.229 1.386 1.446 1.949 1.298 1.012 1.367 1.155 1.894
1337.1 1.164 1.062 0.909 1.067 1.127 1.631 0.979 0.693 1.049 0.836 1.575
340.1 0.781 0.679 0.527 0.684 0.744 1.247 0.596 0.309 0.665 0.453 1.192
335.1 1.497 1.395 1.243 1.399 1.459 1.963 1.312 1.025 1.381 1.169 1.908
335.2 1.303 1.201 1.049 1.206 1.266 1.769 1.118 0.831 1.187 0.975 0.171

Humeri

C
la
vi
cl
es

657.2 657.1 658.2 658.1 1081.2 1081.1 1082.2 1078.1 1078.3 415.3 415.2
639.3 22.849 2.247 0.877 2.247 2.795 7.233 1.479 1.041 2.356 0.164 6.740
639.2 3.235 2.357 0.987 2.357 2.906 7.346 1.590 0.932 2.467 0.274 6.853
639.1 5.662 4.783 3.408 4.783 5.333 9.786 4.013 1.484 4.893 2.694 9.291
639.4 4.338 3.460 2.087 3.460 4.009 8.457 2.691 0.165 3.569 1.373 7.963
1070.1 2.188 1.313 0.055 1.313 1.860 6.291 0.547 1.969 1.422 0.766 5.799
1070.2 4.615 3.736 2.363 3.736 4.286 8.736 2.967 0.440 3.846 1.648 8.242
1071.4 4.503 3.624 2.252 3.624 4.174 8.622 2.856 0.330 3.734 1.538 8.127
410.1 4.448 3.564 2.193 3.564 4.119 8.567 2.801 0.275 3.680 1.483 8.072
346 3.020 2.142 0.769 2.142 2.691 7.139 1.373 1.153 2.252 0.055 6.645

R
ad
ii

Humeri
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Table 8.26 T-values for Humerus to Ulna 

 
 
 
 

Table 8.27 T-values for Humerus to Femur 

 
 
 
 
 

Table 8.28 T-values for Femur to Tibia 

 
 
 
 

Table 8.29 T-values for Femur to Fibula 

 

657.2 657.1 658.2 658.1 1081.2 1081.1 1082.2 1078.1 1078.3 415.3 415.2
660 3.868 3.255 2.298 3.255 3.638 6.741 2.719 0.957 3.332 1.800 6.396
659 3.406 2.794 1.837 2.794 3.176 6.276 2.258 0.498 2.870 1.339 5.932
1094.4 4.023 3.410 2.452 3.410 3.793 6.897 2.874 1.111 3.487 1.954 6.552
1094.1 5.213 4.599 3.641 4.599 4.983 8.807 4.063 2.230 4.676 3.143 7.742
1094.3 4.364 3.752 2.795 3.752 4.135 7.236 3.216 1.455 3.828 2.297 6.891
455 4.253 3.640 2.682 3.640 4.023 7.126 3.103 1.341 3.716 2.184 6.782
446.3 4.014 3.402 2.446 3.402 3.784 6.881 2.867 1.109 3.479 1.950 6.537

U
ln
ae

Humeri

657.2 657.1 658.2 658.1 1081.2 1081.1 1082.2 1078.1 1078.3 415.3 415.2
643.1 5.609 6.338 7.478 6.338 5.882 2.189 6.977 9.074 6.247 8.071 2.600
643.2 4.050 4.786 5.936 4.786 4.326 0.598 5.430 7.547 4.694 6.535 1.012
645.2 4.230 4.966 6.115 4.966 4.506 0.782 5.609 7.724 4.874 6.713 1.195
645.1 5.697 6.427 7.566 6.427 5.971 2.279 7.065 9.161 6.335 8.159 2.689
1115.3 1.268 0.517 0.658 0.517 0.986 4.791 0.141 2.302 0.611 1.268 4.368
1115.2 3.959 4.696 5.847 4.696 4.236 0.506 5.341 7.459 4.604 6.446 0.921
1115.1 2.355 1.602 0.424 1.602 2.073 5.888 0.942 1.225 1.696 0.188 5.464
1116 0.563 0.188 1.360 0.188 0.281 4.081 0.844 3.002 0.094 1.970 3.659
1117.2 3.507 4.246 5.399 4.246 3.784 0.046 4.892 7.014 4.153 5.999 0.461
1118.1 2.591 1.837 0.659 1.837 2.308 6.123 1.178 0.989 0.193 0.047 5.699
397.2 2.779 3.520 4.678 3.520 3.057 0.695 4.169 6.299 3.428 5.280 0.278
398.1 2.320 3.063 4.223 3.063 2.599 1.160 3.712 5.847 2.970 4.826 0.742

Humeri

Fe
m
or
a

643.1 643.2 645.2 645.1 1115.3 1115.2 1115.1 1116 1117.2 1118.1 397.2 398.1
1112.3 34.286 34.381 32.667 34.381 26.524 32.381 25.333 27.286 31.857 25.095 31.000 30.476
1111.2 34.238 32.429 32.619 34.333 26.476 32.333 25.286 27.238 31.810 25.048 30.952 30.429

Femora

Ti
bi
ae

643.1 643.2 645.2 645.1 1115.3 1115.2 1115.1 1116 1117.2 1118.1 397.2 398.1
437 7.682 5.955 6.136 7.773 0.273 5.864 0.864 1.000 5.364 1.091 4.545 4.045
663.2 6.545 4.818 5.000 6.636 0.864 4.727 2.000 0.136 4.227 2.227 3.409 2.909
1087.2 5.091 6.091 6.273 7.910 0.409 6.000 0.727 1.136 5.500 0.955 4.682 4.182
1087.1 8.591 6.864 7.045 8.682 1.182 6.773 0.045 1.910 6.273 0.182 5.455 4.955

Femora

Fi
bu
la


