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CHAPTER I 

INTRODUCTION 

Histological examination of bone is an important aspect of anthropological 

research of skeletal remains from prehistoric populations. This thesis attempts to count 

intact secondary osteons as well as measuring Haversian canal and cortical bone areas 

from rib and clavicle samples belonging to the skeletal remains from Op 2031 at Colha, 

Belize. The information gathered will then be used to discuss the formation rate of intact 

osteons and Haversian canal size and how they relate to health.  

The previous research conducted on this population focused primarily on the 

gross anatomical analysis of the bone samples and determining paleopathologies based 

on macroscopic examination of the skeletal remains (Foster, 1997). This leaves room for 

additional specific research and microscopic analysis of these remains. This research 

project will focus on determining whether subsistence patterns and health of the 

individuals have an effect on the formation rate of intact secondary osteons and 

Haversian canal size for this Maya population from Colha, Belize. Nutritional problems 

in this population will be assessed by looking at skeletal pathologies as well as the 

subsistence patterns of these people as described by Foster (1997). This information will 

aid in determining how nutritional problems can affect the formation of secondary 

osteons and Haversian canals and whether these microscopic elements are affected by 

dietary health.  

Since there has been no histological analysis conducted on this skeletal 

population, this research becomes even more important. This thesis will not only further 

the ossuary research on Mayan populations, but will also add to the microscopic research 
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in using ribs and clavicles to calculate secondary osteons and Haversian canal areas of 

skeletal remains in general. 

This specific Maya population spanned the Middle Preclassic and late Preclassic 

periods of civilization and primarily consisted of comingled ossuary remains. The 

remains of the sixteen individuals used in this research came from an archaeological site 

in Colha, Belize known as Operation 2031 (Foster, 1997). In many instances, especially 

those dealing with prehistoric human remains, there are limited numbers of bones or 

fragments that are available for study. In these scenarios, it is not ideal to use larger bones 

such as the femur because the process may result in the destruction of valuable bones.  

These cases in particular are ideal for microscopic bone analysis because this method 

avoids the destruction of the larger bones and only requires small segments of more 

common and abundant bones such as ribs and clavicles. The histological analysis that is 

used in this thesis deals specifically with the microscopic analysis of the clavicles and 

ribs of the individuals from Op 2031 in Colha, Belize. Although these bones still must 

undergo a destructive process for analysis, the loss of these small bones is not as 

detrimental to the overall future analysis of an entire skeleton or to the skeletal series. 

This thesis will focus primarily on looking at the microscopic histological features 

of the rib and clavicles of these skeletal remains and examining them to determine how 

health and diet may have affected them. In particular this study will focus on observing 

and counting the number of intact osteons present in each individual sample along with 

determining the size of the Haversian canals that are visible and the cortical bone area. 

Furthermore, skeletal lesions will be compared to the variables observed to determine if 

there is any significant correlation between them. In essence, this research will try to 
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determine how these variables may be impacted by the health and diet of the individuals 

through observation of diet related skeletal lesions. 

Particular skeletal lesions resulting from dietary deficiencies that will be 

examined include enamel hypoplasias, porotic hyperostosis and periostitis. Since a 

paleopathological analysis of the Colha skeletal remains was already conducted in 1997 

by Pamela Foster; her findings will be used in conjunction with the methods used in this 

study to come up with a better picture of how dietary deficiencies affect microscopic 

histological features. I hypothesize that individuals with large Haversian canals/cortical 

bone areas/ISOD are likely to show different frequencies of pathological lesions than 

those with small Haversian canals/cortical bone areas/ISOD. In other words, my 

hypothesis is that skeletal lesions will cause changes in the sizes and therefore 

development of the three main variables that will be studied in this thesis (Haversian 

canals, cortical bone area and ISOD). The relationship between the size of these variables 

(large vs small) and the skeletal lesions is what this research hopes to determine.  

The Haversian systems found in all skeletal material varies from sample to sample 

and can be affected by many different factors. In fact, the samples being used have 

clearly undergone diagenesis in which the chemical composition of the bone has changed 

due to chemical, physical and biological factors (Wilson and Pollard, 2002). This 

chemical change in the bone composition can have profound implications on the ability 

to determine histological features in the bone samples.  

There are many reasons to undertake this particular research, with none more 

important than increasing the knowledge about Maya populations in general and 

specifically those from Colha, Belize. Specifically, it is also important to increase the 
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knowledge base about how diet and health can affect the development and appearance of 

histological features in bone and how skeletal lesions can be used to determine this 

correlation. It is always important to try to broaden the knowledge available to Physical 

Anthropologists and to aid in the advancement of knowledge of prehistoric populations. 

The ensuing research will not only add a new chapter in what is known about the Maya 

of Colha, Belize but it will also increase the existing knowledge of how health and diet 

affect secondary osteons, Haversian canal size and cortical bone area as well as how 

diagenesis affects the overall histological analysis of bones due to the destructive nature 

of this phenomenon. I hypothesize that skeletal lesions brought on by dietary deficiencies 

will affect the size or number of the three variables that will be studied in this research 

(Haversian canal size, cortical bone area and ISOD). In addition, I hypothesize that the 

diagenesis undergone by the bone will also have a significant impact on the ability to 

accurately read the histological features required for this analysis. Therefore, the 

diagenesis will be a factor that may hinder the accurate representation of how skeletal 

lesions may impact the development of certain histological features in bone.  

 This research focused specifically on using the 12 rib samples and 16 

clavicle samples recovered from the skeletal remains from Colha, Belize Operation 2031. 

These samples were used to make cross sections that could be utilized to look at the 

histological features under a microscope.  Specifically, Haversian canal size, cortical 

bone area and ISOD were the three variables that were observed and used for the 

purposes of this research. These three variables were then analyzed and compared to 

previous research conducted by Foster (1997) in which she analyzed the skeletal lesions 

for this same population. Using the results from these two studies, it was possible to 
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compare skeletal lesions that resulted from nutritional deficiencies to the three variables 

that were determined in this study. The resulting information provided testable data to try 

to establish whether there was a statistically significant correlation between the variables 

in this research and the skeletal lesions previously reported by Foster (1997). In addition, 

diagenesis was also looked at and discussed as to its possible role in not only affecting 

the readability of histological cross sections, but also its overall impact on the accuracy of 

comparing skeletal lesions to the histological variables studied. 
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CHAPTER II 

BACKGROUND 

Literature Review of Colha Excavation 

 The site of Colha is located at Rancho Creek, 47 miles north of Belize City and is  

bisected by the Northern Highway (see Figure 2.1) (Hester, 1979). The first excavations 

at the site of Colha, Belize were conducted through the Cambridge University- Britain 

Museum Corozal Project and were directed by Dr. Norman Hammond in 1973 (Hester, 

1979). The mapping and the surveying of the site was subsequently completed in 1975. 

Beginning in 1979 there were ten seasons of fieldwork conducted at the site as part of the 

Colha Project (Hester, 1979). This project served as an ongoing collaborative effort 

between the University of Texas at Austin, the University of Texas at San Antonio, and 

the Centro Studi e Ricerche Ligabue of Venice, Italy with support from Texas A&M 

University (Hester, 1979, 1980, 1982; Wright 1997). Thomas Hester and Harry Shafer 

began the first field season in 1979, while Jack Eaton and R.E.W. Adams joined as co-

directors in 1980 in addition to Dott. Giancarlo Ligabue of the Centro Studio Studi e 

Ricerche Ligabue (Hester et al., 1979; Hester et al., 1982; Hester and Shafer, 1984; 

Shafer and Hester, 1991). Excavations at the site under the Colha Project continued 

through 1989 with field seasons held every year with the exception of 1982 and 1985 

(Hester et al., 1982; Hester and Shafer, 1984; Shafer and Hester, 1991). 
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Figure 2.1 
Area Map of Belize with Archaeological Sites 

(Hester et al., 1979) 
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Archaeological Evidence 

 The archaeological evidence at Colha suggests that habitation of the site began in 

the Early Preclassic Period (ca. 1000 B.C.) and continued through the Postclassic Period 

(ca. A.D. 1250) (Hester et al., 1982). However, due to the main focus of this paper which 

concentrates on the histological analysis of the skeletal remains recovered from Op 2031 

(see Figure 2.2), the background will be limited to the Middle Preclassic and the Late 

Preclassic cultural periods. 

 One of the few known early Maya occupations of the lowlands was discovered at 

the site of Colha. These deposits from the Middle Preclassic Period date from 1000 to 

600 BC (Potter, 1980, 1982). The earliest habitation may have occurred as small villages 

focused on the agricultural lands associated with wetlands found in the surrounding areas  

of Colha (Shaw, 1991). The earliest household deposits at Colha were found to be well 

preserved below newer deposits of plaster flooring. The continuity of this settlement 

dates from the early Middle-Preclassic through the late Preclassic and is seen in the 

excavation of Colha Operation 2031 (Shaw, 1991). 

The Late Preclassic Period dates from 400/300 BC to AD 250 and is considered 

the period when the Maya gained prominence as a civilization in this area. The idea of a 

significant population increase during this time period is supported by the evidence of 

settlement patterns (Hammond, 1974, 1986). 
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 Adams (1982) noted that Colha was a four-to five-courtyard site during the Late 

Preclassic period. No other site in the region exceeded six courtyards, showing that Colha 

was a key community in the region. The largest and most extensive construction activity 

at Colha occurred during the Late Preclassic with a smaller community present in the 

Late Classic Period (Eaton, 1982). It is estimated that during the late Preclassic Colha had 

a population of at least 600 people living within the central 1km2 area of the site (Eaton, 

1982). The large architecture at the site was mainly constructed during the Late Preclassic 

period with minor changes in the Late Classic. The arrangement and size of the 

architecture is indicative of a distinct elite class that was in place by the end of the Late 

Preclassic Period (Shaw, 1991).  

 The burials from the Late Preclassic Period demonstrate status distinctions as 

expected due to the architectural evidence of a new elite class (Shaw, 1991). In addition, 

during the Late Preclassic Maya period, the elite burials were placed in crypts and tombs 

that were specially prepared. However, some elite continued to be buried in regular 

graves found in residential areas (Shaw, 1991).  

  

Operation 2031 Middle Preclassic Burial Descriptions 

 Seven burials have been recovered from Op. 2031 which correspond to the 

Middle Preclassic Period of inhabitation by the Maya in Colha. Four of the burials were 

excavated during the 1983 field season and were analyzed by Diane Young. An 

additional three burials were excavated in 1989 by Lori Wright. These skeletons were 

poorly preserved, and were primarily represented by long bone shafts, cranial fragments, 
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and dental remains. All were articulated primary burials which correspond to complete 

articulated skeletons (Wright, 1991).  

 Lot 219 was located directly above sterile soil in a primary midden matrix. The 

burial contained no pit outlines or other distinguishable grave boundaries. The remains 

seem to have been laid out in an extended, supine position, with the head directed 

towards the southwest. In addition, the feature ran directly into the north wall of 

Suboperation 7 (Wright, 1991). Although exact age was not determined, the skeleton is 

possibly that of an elderly individual over 50 years old due to the antemortem loss of the 

mandibular molars as well as the high level of wear of the maxillary incisors (Wright, 

1991; Buikstra and Ubelaker, 1994; Foster, 1997) 

 Lot 238 was located beneath the floor 230 of Structure 1, Suboperation 1. Here, 

the burial was placed adjacent to the east floor of the structure in a clearly defined pit that 

was cut through the plaster floor. The surface of the floor was completely redone after the 

remains had been buried so that no patch was visible. This pit measured 140 by 55 cm 

and was attached to a smaller, circular, empty pit located to the west. The skeleton was 

buried in extended supine form, with the left hand crossed over the hips and the right 

hand to the side of the body. In addition, the skull was pointed in a northwest direction. 

There were also two ancient root burns that ran vertically through the grave causing the 

bones of the pelvis and right hand to be disturbed (Wright, 1991). The individual was 

likely a young adult male between the ages of 17 and 21 due to the full set of teeth 

recovered showing little attrition as well as the open third molar roots. (Ubelaker, 1978, 

1989; Wright, 1991; Foster, 1997) 
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 Lot 218 was found between two alignments of stones near the northern border of 

Suboperation 6. There is the possibility that the burial was disturbed by subsequent wall 

constructions or the placement of the lot 107 crypt. Although this burial contained no 

ceramic artifacts with which to easily date it, it is considered to be Middle Preclassic 

based on its stratigraphic location. The skeletal remains were mostly articulated, and lay 

supine with the legs in what seemed liked a crossed or semi-flexed position. In addition 

the feet were pointing to the west (Wright, 1991). The skeleton is that of an adult male 

due to the fusion of the long bones with no exact age determined (Foster, 1997). 

 

Operation 2031 Late Preclassic Burial Descriptions 

 The burials which were dated to the Late Preclassic period were found in a wide 

array of contexts, and are a testament to the diversity of mortuary practices that can be 

found within a given population. Six single, primary, articulated burials were associated 

with this Late Preclassic residential architecture. There was also a crypt-like feature 

named Lot 107 that contained a multiple secondary burial which consisted of dry, clean, 

disarticulated bones that were removed from a primary burial for reinterment. 

Additionally, there was a group of conjoined pits that contained several burials, both 

articulated and disarticulated, single and multiple, within a discrete cemetery area known 

as Lot 118. All of these burials exhibited a wide variety in degree of preservation due to 

the differences in matrices and conditions (Wright, 1991). For the purposes of this paper 

only those burials included in this study will be looked at individually.  

 Lot 184 was a burial feature within the midden fill of Lot 183 located at the 

eastern border of Suboperation 5. The grave contained two primary interments in which 
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the skeletons were laid out in extended supine positions in a north-south orientation, with 

the heads facing south (Wright, 1991). The skeleton located to the east, A, is that of a 

middle aged adult female (Wright, 1991; Foster 1997). The age estimation was 

determined from the severe arthritic pitting of the left glenoid fossa as well as the 

complete resorption of the second left molar and partial resorption of the left third molar 

(Foster, 1997). The skeleton located to the west, B, was identified only as an adult over 

age 21 (Foster, 1997).  

 Lot 110, which was the first of the burials of Op 2031 that was encountered, was 

also the shallowest and located in the centre of lot 118. The borders of this grave were 

defined by the white lime matrix that was used to fill the burial. In addition there were a 

few marl and limestone blocks that were loosely placed around the borders and top of the 

grave. Within the burial were located one primary articulated skeleton (individual A), two 

partially articulated skeletons (individuals B & C), and the bones of five other 

disarticulated, secondarily-deposited skeletons (Wright, 1991). Only individuals A and B 

were used for this research since they are the only ones that yielded clavicles or ribs for 

sampling purposes.  

 Individual A, which was the primary interment, was found in a seated position 

facing east with the legs crossed and hands placed above the knees. Also, a large red dish 

(Vessel 3) was found in the lap of this individual and contained additional disarticulated 

bones and crania. The thorax of this individual was in a partially reclined position to the 

west, while the crania and upper cervical vertebrae had fallen forward due to 

decomposition and came to rest among the disarticulated bones in the skeletons lap. This 

individual was easy to identify from all the other skeletal remains in lot 110 due to the 
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fact that the bones and the surrounding soil were stained a bright red. This indicated that 

the clothes and/or skin of the corpse had been heavily painted with cinnabar or red ochre 

prior to burial. The rest of the skeletons in this burial were a contrasting white color 

which made the distinction clear (Wright, 1991). Skeleton A, was determined to belong 

to an adult female aged between 45 and 60 years at the time of death due to the rib-

sternum articulation and the morphology of the auricular surface (Wright, 1991; Foster 

1997).   

 The matrix of lot 110 changed in composition beneath the crossed legs of 

individual A. At this point the ground changed from white marl to a dark brown soil. 

Directly beneath Individual A, two layers of partially articulated skeletons were 

discovered. Similar to individual A, these individuals were stained red with cinnabar or 

red ochre. The first layer was described as separate bones that upon further excavation 

yielded a partially articulated individual which were designated as Individual C. Beneath 

individual C, a third primary interment was discovered which was designated as 

individual B. The remains of this individual consisted solely of a torso, left and right arm. 

The cervical vertebrae along with the scapulae were oriented to the south while the pelvis 

was pointing north. The right arm was aligned to the side of the body with the hand 

located beneath the right ilium. In contrast, the left arm was crossed over the abdominal 

cavity with the fingers disarticulating into the pelvic inlet (Wright 1989). Similar to 

individual A, this skeleton was determined to have been an adult female over 50 years of 

age at time of death. However, in this instance, coronal suture obliteration was used to 

age the individual (Bass, 1987; Wright 1991; Foster 1997). 
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 Lot 223 is a separate burial that is parallel and directly beneath the burial of Lot 

110. This grave was separated from Lot 110 by a layer of brown fill and is clearly 

indicative of a separate interment period (Wright 1991; Foster 1997). Lot 223 was only 

partially excavated due to lack of time but a total of seven adult individuals were 

associated with the burial (Wright 1991; Foster 1997). The primary interment of this lot 

was Individual J and consisted of skull, cervical and thoracic vertebrae, rib fragments and 

right clavicle. The individual seemed to be seating facing west and was determined to 

have been a young adult male between 17 and 25 years old at time of death due to the age 

analysis based on dental eruption (Wright 1991, Foster 1997). The clavicle for this 

individual was not used in the research since it belonged to an adult male that was 

possibly under 21 years of age and would therefore not fulfill the requirements of the 

Stout-Paine (1992) age estimation equation. Additionally, individual J consisted of the 

comingled remains of at least five other individuals and contained large portions of 

occipital, parietal and frontal bones (Wright, 1991).  

 One other individual, identified as Individual A, was found directly south of the 

cranial fragments. This individual consisted of a cranium, mandible, cervical vertebrae, 

right clavicle and right humerus. This skeleton was determined to belong to an adult male 

between the ages of 45 and 60 at time of death (Wright, 1991; Foster, 1997). The age of 

this individual was determined by the beginning of suture obliteration and the dental 

attrition rates (Foster, 1997). 

 Lot 214 was a burial that contained one individual that was not completely 

excavated due to lack of time. This grave was located to the east of lot 223 (Wright, 

1991). The remains consisted of an articulated primary burial which was determined to be 
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an adult male of unknown age evidenced by the fusion of the long bones (Wright, 1991; 

Foster, 1997). The skeleton was found to be in a seated position facing west with the head 

facing down into the lap. Furthermore, the arms were located at the sides of the 

individual while the right hand was folded across the chest (Wright, 1991).  

 Lot 215 was a disarticulated primary burial that has been cut through and 

disturbed by lot 223. This grave is made up of a compact group of partially disarticulated 

bones. The feature has clear boundaries on the northern and western edges which indicate 

a circular shape. The eastern border, on the other hand, is not well defined and coincides 

with a change in soil color and appears to have been shortened by the intrusion of Lot 

223 (Wright, 1991). The burial consists of the primary disarticulated remains of at least 6 

individuals, including 5 adults and 1 juvenile (Wright, 1991; Foster 1997). The long 

bones were placed in a north-south direction and a majority of the skeletons were 

disarticulated. There was however several limb bones that were found to be articulated 

including: a femur/tibia/fibula/foot unit; six tibia/fibula/foot units; and 4 radius/ulna/hand 

units. Cranial materials that were recovered include a fragmented adult male cranium as 

well as the right mandible of a juvenile. There were also two charred remains of cranium 

fragments that had been cremated as well as five pelvic bones (Wright, 1991). Of the five 

adult individuals that were discovered two are male and two are female with exact ages 

undetermined. The juvenile was determined to be approximately 15 years old at time of 

death (Foster, 1997). 

 Lot 165 contained an adult male skeleton that was determined to be 35+ years old 

at time of death (Wright, 1991; Foster, 1997). The age of this individual was determined 

as a result of the slight dental attrition (Wright, 1991; Foster, 1997). This grave was 
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located in the western most pit of the Lot 118 complex. The skeleton was found in a 

seated position holding a red flat bottom bowl in his lap. The skeleton was oriented in an 

easterly direction, while the head was slumped down towards the bowl (Wright, 1991). 

 Lot 117 contains the remains of an articulated primary burial with the sole 

skeleton being that of a young adult male whose age could only be determined to be over 

21 years of age due to long bone fusion (Wright, 1991; Foster, 1997). The skeleton was 

found facing southwest in a pit on the north side of the 118 complex, directly north of Lot 

110. This pit was also bordered on the west side by Lot 127 and on the east side by Lot 

122. The skeleton was found with a large flat bottomed red dish placed over the 

individuals’ cranium as well as a red bucket between the crossed feet. The remains were 

found in seated position with the arms inside the knees and the hands crossed over the 

right foot (Wright, 1991). 

 Lot 125 was located on the southwest edge of Lot 118 and the pit contained the 

bones of at least three individuals spanning two separate interment episodes. The 

superficial feature A, contained partial remains of three individuals although the bones 

seemed to show no order of placement. The only articulated units found among the 

superficial bones were a spinal column articulated from the second cervical vertebrae 

through the fourth thoracic vertebrae. The majority of the bones found in feature A, 

including the spinal column, belong to a juvenile of undetermined age (Wright, 1991; 

Foster, 1997). The age was based on non-fusion of the epiphyseal caps of the humerus 

and radius (Wright, 1991; Foster, 1997) Due to the young age of this individual it was not 

included as part of this study. A second individual was also found and identified as 125A. 

The remains of this individual consisted of an adult male cranium and mandible (Wright, 
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1991). The individual was determined to be over 50 years of age at time of death due to 

the extreme attrition present in the right maxillary molars (Foster, 1997). The mandible 

was found on its side beneath the cranium, with the mental region directly posterior to the 

cranium. There were also additional bones found in feature A, including long bones and 

small bones of the hands and feet. A second adult individual identified as 125B was 

separated from A by a thin layer of fill containing ceramic and chert fragments. In this 

individual, the postcranial skeleton was largely articulated but there was no cranium or 

mandible present. The remains in this grave were found in a seated position facing east. 

The forearms and legs showed signs of being disturbed while the complete spinal column 

was articulated beginning with the atlas (Wright, 1991). No age was determined for this 

adult (Foster, 1997).  

 

Histology of Archaeological Bone 

 Histology is an important aspect of archaeology and in this research in particular 

because of its implications in counting secondary osteons and determining Haversian 

canal size. Other uses for histology have included species determination and biological 

age determination of fragmented and cremated bone (Harsanyi, 1993; Horni, 2002). 

Histology also plays a significant role in determining the preservation of histological 

features at the microscopic level (Stout, 1978; Garland, 1989; Hedges and Millard., 

1995). 

 The study of bone deterioration is a relatively new field when compared to other 

studies concerning archaeological bone. The term Taphonomy was first used by 

Efremove (1940) to describe the post-mortem processes that bone undergoes and which 
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determines the survival of the bone material. The term diagenesis on the other hand is 

described by Turner-Walker (2008) as the process by which sediment is converted into 

sedimentary rock in conditions of low temperature and pressure. However, this term has 

also developed a more generic definition in recent years to describe the changes that 

skeletal tissues undergo in burial environments.  

 Water is a major contributing factor on whether or bone survives in an 

archaeological setting. In particular, the availability and movement of water influences 

the survivability of bone. Since water serves as a medium for a majority of chemical 

reactions that take place in the soil as well as supporting microbial growth, it can 

contribute to the degradation of bone in a variety of different ways (Turner-Walker, 

2008). There has been analysis on archaeological bone that shows that bones that come 

from areas where there are constant fluctuations in terms of contact with water exhibit a 

much lower degree of preservation when compared to bones that lie in a permanent state 

of saturation.  

 One of the first changes that was noted in archaeological bones was an increase in 

“crystallinity” when they were compared to fresh bone (Turner-Walker, 2008). The most 

likely explanations for the increased “crystallinity” in archaeological bone include: 

dissolution and loss of the smallest crystals; dissolution and subsequent recrystallization 

to larger and more stable crystals; a reordering of the internal crystal structure; and slow 

growth of existing crystals by apposition (Turner-Walker, 2008). Although all these 

mechanisms contribute to the diagenesis of archaeological bone, dissolution and 

recrystallization seems to play the largest role. It is important to note however, that the 

incorporation of exogenous mineral species is not always a negative process and 
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according to Turner-Walker (2008), the majority of bones would not be able to survive 

over long periods of time without some degree of permanent mineral penetration and the 

filling of internal voids with calcite or silicates.  

 When human remains are reduced to a skeleton, the diagenesis of bone is 

controlled primarily by microorganisms which in turn have a profound effect on bones 

potential for preservation. It is equally important to note that groundwater, oxygen 

availability, pH and temperature determine the types of microorganism that are present 

and how quickly they reproduce (Turner-Walker, 2008).  

 The earliest histological studies of archeological bones, found that fungi were 

involved in the destruction of bone tissue (Turner-Walker, 2008). However, more recent 

research subsequent to the 1990s has shifted the focus to bacteria as having a primary 

role in the destruction of tissues in an archaeological setting. At the present, there seems 

to be two broad classes of bacteria that are involved with the different types of 

destruction seen in histological sections: aerobic bacteria found in normal archaeological 

soils (Nielsen-Marsh and Hedges, 1999; Turner-Walker et al., 2002; Turner-Walker and 

Syversen, 2002) and cyanobacteria in marine settings (Bell et al., 1991).  

 When bone manages to survive and is recovered from excavation sites, bacterial 

attacks and the resulting diagenetic changes is usually ubiquitous and is found in bones 

dating from decades to millions of years old. Diagenesis as a result of bacterial invasion 

is only absent from bones that are recovered from areas represented by rapid burial in 

anoxic sediments or from very cold climatic regions (Turner-Walker, 2008) 

 The two predominant methods for degradation of bone in archaeological soils are 

bacterial degradation of the tissues and chemical hydrolysis of bone collagen. These two 
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mechanisms may or may not proceed simultaneously depending on many additional 

variables. The degradation of bone by bacteria is by far the fastest pathway. If a bone is 

buried in a tropical environment, it may be rapidly consumed by bacteria within a few 

centuries. On the other hand, bone buried in colder or waterlogged sediments can survive 

up to hundreds of thousands of years (Turner-Walker, 2008) 

 According to Hedges and Millard (1995) diagenetic change in bone can be 

divided into six index categories that summarize the degree of diagenetic change in bone: 

0) No original features identifiable other than Haversian canals, 1) Small areas of well 

preserved bone present, or some lamellar structure preserved by pattern of destructive 

foci 2) Clear lamellate structure preserved between destructive foci 3) Clear preservation 

of some osteoctye lacunae 4) Only minor amounts of destructive foci, otherwise 

generally well preserved 5) Very well preserved, virtually indistinguishable from fresh 

bone. The Colha remains were in a state in which no features could be identified other 

than the remnants of the Haversian canals and would therefore under this indexing 

system be classified as “0”. The poor condition of the bone affects the usefulness of the 

Stout and Paine (1992) equation because the necessary features (intact and fragmentary 

secondary osteons) needed for the application of the equation are not always visible. 

Specifically, fragmentary osteons were not visible, while intact secondary osteons could 

be distinguished by the presence of the Haversian canals.  

 

Bone Cells 

 The four types of cells that comprise bone tissue are osteoprogenitor cells, 

osteoblasts, osteocytes and osteoclasts (Datta et al., 2007; Cormack, 2001). 
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Osteoprogenitor cells are small spindle shaped cells that can be found on the 

nonresorptive surface of bone and are derived from mesenchyme. They have the ability 

transform into mature bone cells (Martin et al., 1998; Cormack, 2001). These cells make 

up the surface layer of the bone known as the periosteum as well as the endosteum that 

lines the medullary cavity along with Haversian canals, and soft tissue spaces. Although 

osteoblasts and osteoclasts are both found on the surface of bone, osteoblasts are derived 

from the osteoprogenitor cells of mesenchymal origin while osteoclasts derive from 

haemopoietic stem cells (Martin et al., 1998).  

 Osteoprogenitor cells produce osteoblasts in regions with good vascularization. 

The self-renewal of these cells allows the supply of osteoprogenitor cells to be 

maintained at a high level that in turn is used for future bone growth and fracture repair 

(Cormack, 2001). 

 Osteoblasts are nondividing cells that are responsible for the production and 

secretion of the organic components of the bone matrix (Kessel, 1998; Cormack, 2001; 

Junqueira and Carneiro, 2005). Osteoblasts are found on the surface of bone tissue and 

resemble simple epithelial tissue in which the cells are side by side. While these cells are 

involved in the production of the bone matrix they are cuboidal to columnar in shape with 

basophilic cytoplasm (Junqueira and Carneiro, 2005). In addition, osteoblasts are 

distinguishable from other progenitor cells by their larger size and unconventional 

nucleus (Cormack, 2001). 

 Osteoblasts are slowly surrounded by the newly synthesized matrix and they 

become osteocytes. This process results in the production of a space called a lacuna, 

which are inhabited by osteocytes (Junqueira and Carneiro, 2005; Hazenberg et al, 2009). 
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Also, osteoblasts are involved in matrix calcification and bone resorption which will be 

discussed later (Cormack, 2001).  

 Osteocytes which are derived from osteoblasts can be found in the lacunae 

between the lamellar matrix (Junqueira and Carneiro, 2005). Only one osteocyte is found 

within each lacunae and is responsible for remodeling that happens during bone growth 

and repair. They are also responsible for eliminating the areas of bone matrix that require 

replacement (Cormack, 2001; Junqueira and Carneiro, 2005). Osteocytes in general are 

smaller and less basophilic than osteoblasts and are indicative of the final stage of bone 

cell maturation (Cormack, 2001). They are also flat and almond-shaped when compared 

to osteoblasts. In addition, when these long living cells die, it is followed by resorption of 

the boney matrix where they are found (Cormack, 2001).  

 Osteoclasts are characterized by their large size and inability to divide (Cormack, 

2001). These motile cells contain anywhere from 5 to 50 nuclei and are required for bone 

remodeling that happens during bone growth and repair (Cormack, 2001; Junqueira and 

Carneiro, 2005). Osteoclasts are demonstrative of resorptive surfaces that are etched or 

scalloped in appearance and are bare except for an occasional osteoclast on the surface. 

In areas of bone that are undergoing resorption, osteoclasts fit into depressions within the 

bone matrix that are known as Howship’s lacunae (Cormack, 2001; Junqueira and 

Carneiro, 2005).  In general, osteoclasts are found close to the bone surface, but 

sometimes are detached from the surface due to resorption. In these cases the frayed 

border is indicative of a resorption site (Cormack, 2001). 

 The ruffled border found in active osteoclasts is the surface facing the bone 

matrix.  The area surrounding the ruffled border is known as the clear zone and is made 
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up of cytoplasm lacking any type of organelles (Junqueira and Carneiro, 2005). In 

particular, osteocytes are derived from blood monocytes. This happens when the 

monocytes are attracted toward the bone surface and fuse with one another or pre-

existing osteoclast-like cells to form the mature osteoclasts (Cormack, 2001). 

  

Types of Bone 

 Macro observations of bone cross-sections reveal that there are two primary types 

of bone; compact bone comprised of dense areas with no cavities and cancellous 

(spongy) bone with multiple cavities that interconnect. When observed at the microscopic 

level however, both compact and cancellous bone have the same basic histological 

structures (Martin et al., 1998; Junqueira and Carneiro, 2005; Hillier and Bell 2007).  

 The rounded ends of long bones are known as the epiphyses and are composed of 

cancellous bone surrounded by a thin layer of compact bone. The shaft or cylindrical area 

of the bone is primarily composed of compact bone with a small portion of cancellous 

bone in the inner surface surrounding the bone marrow cavity as seen in Figure 2.3. Short 

bones on the other hand are comprised of a core of spongy bone entirely surrounded by 

compact bone. The flat bones that are found in the cranium differ slightly in that they are 

comprised of two layers of compact bone known as plates, separated by a layer of spongy 

bone called the diploe (Martin et al., 1998; Junqueira and Carneiro, 2005; Hillier and Bell 

2007). 

 When bone is examined at the microscopic level there are two different varieties 

that can be observed. The first is primary bone, also known as woven bone or immature 

bone. The second type is known as secondary, mature or lamellar bone. Primary bone is 
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the first type of bone tissue that is formed during embryonic development and in the 

repair of fractured bone and other repair processes. This is characterized by the random 

deposition of collagen fibers which is in contrast to the organized lamellar deposition 

seen in secondary bone (Martin et al., 1998; Schultz, 2001; Junqueira and Carneiro, 2005; 

Hillier and Bell 2007). 

 Primary bone tissue which is the product of modeling is usually temporary and 

with the exception of a few locations in the body is replaced in adults by secondary bone 

tissue. The only exceptions to this rule are near the sutures of the flat bones of the skull, 

tooth sockets, and the insertions of some tendons. Primary bone also contains a lower 

mineral concentration and a higher proportion of osteocytes than secondary bone tissue 

(Martin et al., 1998; Junqueira and Carneiro, 2005). 

 Secondary bone tissue produced during bone remodeling contains collagen fibers 

that are lamellae arranged in a parallel pattern to each other or concentrically around a 

vascular canal. The concentric complex is known as a Haversian system or osteons and 

can be seen in Figure 2.3 (Martin et al., 1998; Junqueira and Carneiro, 2005; Hillier and 

Bell 2007). Haversian systems specifically refer to the histological structures that are 

known as secondary osteons (Hillier and Bell 2007). An observed secondary osteon can 

be described as consisting of all intact secondary osteons along with any fragments of 

osteons that have been partially replaced which can be recognized in cross sections of 

compact bone (Kerley, 1965; Wu et al., 1970; Frost 1987).  Stout and Lueck (1995) 

define osteons as structures that form from the tethered remodeling processes of 

activation, resorption, and formation within cortical bone. Furthermore, Crowder and 

Rosella (2007) identify fragmentary osteons as those which have 10% or more of the 
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perimeters of the Haversian canals present or have been remodeled by future generations 

of osteons.  A more specific definition of what constitutes a secondary osteon is offered 

by Hillier and Bell (2007) in which these Haversian systems are referred to as being 

surrounded by a cement line and intersect circumferential lamellae which in turn result in 

interstitial lamellae. In Figure 2.3 the secondary osteon is clearly depicted as being made 

up of concentric circles surrounding a Haversian canal. 

Lacunae, also seen in figure 2.3, which contain osteocytes, are found between the 

lamellae and in some instances within the lamellae themselves. Surrounding the osteons 

is a material known as cementing substance that is made up of mineralized matrix with 

few collagen fibers (Wu et al., 1970; Frost, 1987; Martin et al., 1998; Junqueira and 

Carneiro, 2005; Hillier and Bell 2007).  

 The compact bone contains lamellae that show a typical organization made up of 

the Haversian system, outer circumferential lamellae, inner circumferential lamellae, and 

intermediate lamellae. The inner circumferential lamellae surround the bone marrow 

cavity while the outer circumferential lamellae are located directly beneath the 

periosteum. There are also a greater number of outer than inner lamellae (Junqueira and 

Carneiro, 2005; Hillier and Bell 2007).  

 The Haversian systems consist of long bifurcated cylinders parallel to the long 

axis of the bone diaphysis. They are made up of a central cavity that is surrounded by 4-

20 concentric lamellae (Junqueira and Carneiro, 2005; Hillier and Bell 2007). The central 

canal is often off-centered in position and besides the cylindrical lamellae they are also 

bordered by the previously discussed cement line (Martin, 1998; Sommerfeldt and Rubin, 

2001; Hillier and Bell 2007). The secondary osteons are commonly round or oval in 
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shape (Harsanyi, 1993; Stout, 2003). Each canal contains blood vessels, nerves, and loose 

connective tissue. Communication between the Haversian canals and the periosteum, 

bone marrow cavity and one another occurs through structures known as Volkmann’s 

canals as shown in Figure 2.3. Volkmann’s canals are not comprised of concentric circles 

but instead perforate the lamellae. All the vascular canals that are found within bone 

tissue are formed when matrix is developed around preexisting blood vessels (Martin, 

1998; Junqueira and Carneiro, 2005).  

 There is great variability in the diameter of Haversian canals due primarily to the 

fact that the bone tissue is being constantly remodeled. Each system is made up of 

successive deposits of lamellae that are formed inward from the periphery so that the 

newest systems have larger canals. Mature Haversian systems contain newly formed 

lamellae which are the ones found closest to the central canal (Junqueira and Carneiro, 

2005).  

 

Bone Formation 

 There is only one known mechanism of bone formation. However, this process 

may occur within cartilage (endochondral) or within the organic matrix membrane 

(intramembranous) (Buckwalter et al., 1995). Intramembranous ossification is the result 

of direct mineralization of matrix that is secreted by osteoblasts. Endochondral bone 

formation is characterized by deposition of bone matrix on a preexisting cartilage matrix 

(Buckwalter et al., 1995; Junqueira and Carneiro, 2005; Kanczler, 2008).  

 Both processes involve bone tissues that appear first as primary or woven bone. 

Primary bone is a temporary tissue and is eventually replaced by the lamellar or 



Texas Tech University, Sammy Giraldo, May 2012 
 

28  

secondary bone tissue. Areas of primary bone, areas of resorption, and areas of secondary 

bone all appear side by side during histogenesis. Bone synthesis and remodeling occur in 

growing bones as well as throughout adult life (Buckwalter et al., 1995; Junqueira and 

Carneiro, 2005; Kanczler, 2008).  

 The process of intramembranous ossification is the source of the majority of flat 

bones including those of the skull and the mandible and maxilla. In addition, the process 

is responsible for the growth of short bones and the thickening of long bones (Junqueira 

and Carneiro, 2005).  

 The starting point for ossification is known as the primary ossification center.  

The process starts when groups of cells differentiate into osteoblasts. Osteoblasts produce 

bone matrix which is followed by calcification. This results in the encapsulation of some 

of the osteoblasts which eventually become osteocytes. The areas of bone development 

form walls that demarcate elongated cavities that contain capillaries, bone matrix cells, 

and undifferentiated cells. Several groups similar to these arise almost simultaneously at 

the ossification center so that the fusion of the bones takes on the appearance of a spongy 

structure. The bone marrow cells are then produced when the connective tissue that 

remains is penetrated by growing blood vessels and additional undifferentiated 

mesenchymal cells. In addition, the ossification centers grow radially, eventually fusing 

together and replacing the original connective tissue. Endochondral ossification takes 

place inside a portion of hyaline cartilage that is shaped like a small version of the bone 

that is to be formed. Short and long bones are formed primarily by this type of 

ossification (Junqueira and Carneiro, 2005).  
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Bone Diagenesis 

Diagenesis is a collection of processes that are physical, chemical and biological 

in nature and that affects all archaeological materials located in burial environments. It 

therefore forms part of the basic characteristics of the archaeological record. These three 

processes work in conjunction to transform skeletal materials original chemical and/or 

structural properties and will be key factors in determining the preservation or destruction 

of the bones (Wilson and Pollard, 2002). Diagenesis is also defined as a process causing 

microstructural arrangement of bone and teeth that is propagated by the movement of gut 

bacteria into the postmortem vasculature of all organs of the body and subsequently into 

the cortical bone structures (Bell et al., 1996; Jans et al., 2004). When remains have 

become skeletonized or near that point, external microbial flora may gain entry which 

cause further localized or wide spread disruption of histological features (Bell et al., 

1991; Bell, 1996; Bell et al., 1996). Exposure to marine environments can cause 

significant changes in microstructure due to the different composition and types of 

organisms involved (Bell et al., 1996; Bell, 1996).	  

So that the effect of diagenesis on archaeological bones may be understood, there 

are various factors that need to be taken into account. First and foremost are the elemental 

and mineralogical components of the bone and the surrounding soil, as well as the burial 

environment in which the bones were found. The burial environment includes things such 

as geology, climatology and groundwater. Other sources that can be responsible for bone 

contamination are just as important and include the agricultural uses of the soil which can 

involve the use of chemical fertilizers and artesian wells. Mining activities may also have 
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effects on bone by causing metal contamination from runoff and infiltration (Zapata et 

al., 2006).  

 However, in order to fully grasp the concept of diagenesis on bone, it is important 

to understand the differences between the composition of modern bone and that of 

prehistoric bone. Fresh bone samples are made up of three major components; an 

inorganic portion known as bone ash, an organic matrix, and water. These three materials 

are usually found in the proportion of 17:20:15, with organic materials making up about 

30% and minerals about 70% of bone by dry weight (Price, 1989). Collagen makes up the 

majority of the organic portion of dry bone powder accounting for about 85%. Bone ash 

which is mainly a mineral in the form of hydroxypatite makes up 67±0.9% of whole dry 

bone (Price, 1989).  

 Calcium levels in human bone on the other hand are not as easy to determine. 

There are several studies which have been conducted that have determined that calcium 

in modern human bone ash make up approximately 37.3% of the material. So, although 

there is variability as to the exact amount of calcium in human bone ash, the approximate 

number should be around 37%. According to Price (1989) there is great importance in 

looking at the comparison of calcium levels in modern and prehistoric human bone 

samples. In particular, Price (1989) conducted studies on the calcium levels in prehistoric 

human bone samples from eastern North America and concluded that many of the 

samples fell close to the modern average. Price (1989) also determined that values from 

the Gibson and Ledders site in southern Illinois were found at lower levels of 33.8% and 

34.9%. In addition, the Black Earth site in southern Illinois yielded extremely high results 
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of 41.3%. This information therefore shows that calcium values can serve as a useful 

indicator of diagenetic enhancement or diminution (Price, 1989).  

 The amount of calcium in human bone can increase in certain post-mortem 

scenarios mainly through the addition of carbonate. This contamination of the bone 

matrix can be found in at least two different forms. In some cases calcium and carbonate 

may precipitate as calcite, or hydroxypatite crystals in bone may grow by being 

integrated with carbonate, therefore substituting for the inorganic phosphate (Price, 

1989).  

 If bone is looked at primarily as a composite of protein and mineral, then there are 

three main routes by which deterioration of bone can occur; chemical deterioration of 

either (1) the organic component made up primarily of collagen or (2) the bone mineral, 

or (3) biodegradation. These three pathways are end-processes which are useful in 

understanding the mechanisms which are involved in bone diagenesis. One or a 

combination of any of these three pathways can be seen and even dominate bone 

diagenesis, depending on the type of burial environment (Roberts et al., 2002).  

 The destruction of protein in bone is not something that always occurs after death 

of the individual. In Mechanism 1, collagen can become more brittle due to a process 

known as glycation reactions (Collins et al., 2002). Other methods that can increase the 

fragility of bone later in life include increases in porosity and reductions in the levels of 

collagen mineralization (Collins et al., 2002). However, the ways these relationships 

work have not been clearly established (Wang et al., 1998, 2000; Zioupos et al., 1999). 

Damage to the collagen in bone will eventually lead to changes in the matrix organization 

which then causes gelatinization and deterioration of collagen. These processes leave 
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behind mineral ghosts that are made up of small interconnecting pores of very small 

diameters of less than 30 nanometers (Nielsen-Marsh and Hedges, 1999). Secondary 

minerals can consequently replace the so-called mineral ghost, although some bones do 

retain the physiological porosity consisting of canaliculi, Haversian canals and osteocyte 

lacunae. This is why the gradual loss of collagen through chemical hydrolysis and the 

resulting porosity serves as one of the main mechanisms by which bones become 

fossilized (Collins et al., 2002). 

 In mechanism 2, bone in the burial context is found outside of thermodynamic 

equilibrium by being exposed to rain water. These bones, which can be found either 

above or around water, will be subjected to the hydrology of their burial site which in 

turn will have an important position in determining the survival of the bone (Hedges and 

Millard 1995; Pike et al. 2002; Hedges 2002). This process will therefore cause the 

collagen to be exposed to an environment in which chemical and biological degradation 

can occur at amplified rates (Collins et al, 2002). 

 The most common process by which bone deteriorates is through interaction with 

microbial organisms. In mechanism 3, this type of deterioration can occur shortly post 

mortem and is usually found to be most efficient at or near a neutral pH which under any 

other circumstance would be ideal for bone (Collins et al., 2002).  

 The first step in this process involves the destruction of the mineral phase by 

creation of a low pH environment. The removal of the mineral makes the collagen 

vulnerable to microbial attack by extracellular microbial enzymes. In archaeological bone 

in particular, the bone undergoes a slow equilibration with the burial environment. The 

rate and extent of this change is governed by the same surrounding environment. Some of 
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the most important factors that will affect the rate and type of diagenesis are species, age 

at death, cultural practices, and mode of death (Collins et al., 2002). 

 

Bone Pathologies 

 The pathologies that were observed on the skeletal remains from Colha, Belize 

were analyzed and recorded by Foster (1997). The four types of lesions that were 

observed that relate to possible nutritional deficiencies are porotic hyperostosis, cribra 

orbitalia, enamel hypoplasias and periostitis. These lesions have great importance in that 

they provided insight into the health of this skeletal population and how it relates to diet 

(Foster, 1997). 

Porotic Hyperostosis and Cribra Orbitalia 

 Porotic hyperostosis and cribra orbitalia, although different lesions, have in some 

cases been associated with the effects of general anemia (Klepinger, 1983). The first 

lesions that appear are those seen on the bones of the eye orbits (cribra orbitalia) and 

further lesions can be seen on the cranial vault (porotic hyperostosis) when the disease 

has progressed to a more advanced stage (Hengen, 1971). The lesions associated with 

porotic hyperostosis can be associated with certain hematological and circulatory 

conditions but these instances are not enough to account for the high frequency seen in 

certain populations (Stuart-Macadam, 1985, 1989, 1991).  

 Iron deficiency anemia can result from a variety of different factors. One of the 

main causes is as a result of consumption of high quantities of iron poor foods and/or the 

intake of certain foods containing phytate which can decrease the bodies’ ability to 

absorb iron (El-Najjar, 1977; Palkovich, 1987; Mann and Murphy, 1990). Iron deficiency 
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anemia can also be the result of blood loss which can be caused by parasitic infections or 

other gastrointestinal tract diseases. In modern times, iron deficiency anemia as a result 

of blood loss is by far the most common scenario (Steinbrock, 1976; Stuart-Macadam, 

1987, 1988, 1989, 1991). However, in past populations dietary deficiencies and habits 

may have played much more significant roles (Steinbrock, 1976; Stuart-Macadam, 1987, 

1988, 1989, 1991). 

 

Enamel Hypoplasias 

 Enamel does not remodel once it has been formed so it retains a valuable record 

of physiological disturbances in any individual from the second trimester to puberty 

(Goodman, 1988; Goodman and Rose 1990; Lukacs, 1989; Duray, 1996). Enamel 

hypoplasias are a deterioration of enamel thickness that results from physiological stress 

during the secretory phase of amelogenesis (Hillson, 1986; Hillson, 1996). Some of the 

most common factors attributed to producing enamel hypoplasias include nutritional 

stress, vitamin D deficiency, and hyperparathyroidism (Scott and Symonds, 1982). 

Although specific causes are not known, the existence of enamel hypoplasias does 

indicate that the individual experienced an extreme stressor event during the 

developmental phase leading up to puberty. The visual representation of enamel 

hypoplasias can be observed on the external surface of teeth as decreased enamel 

thickness. They can be seen specifically as horizontal pits or linear grooves on the surface 

of teeth (Goodman et al., 1980, 1987; Goodman and Armelagos, 1985a, 1985b; Goodman 

and Rose, 1991; Duray, 1996). 
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Periostitis 

 Periostitis can be seen as an inflammation of the periosteum or the outer layer of 

the bone (Ortner and Putschar (1981). Foster (1997) categorized the different periostitic 

lesions as active or healed periosteum. Active periostitic lesions have the appearance of 

tree bark that has been put directly onto bone (Mann and Murphy, 1990). The Margins of 

an active lesion will look slightly elevated and the periostitic bone will be a slightly 

different color than the bone surrounding the area (Mann and Murphy, 1990). Healed 

periostitic lesions on the other hand have margins that are not well-defined and the raised 

areas will have the same color as the bone surrounding it (Mann and Murphy, 1990). 

 

Microscopic Effects of Pellagra and Dietary Deficiencies on Bone 

 The consumption of Maize in many cultures has led to a nutritional deficiency 

known as Pellagra. The most common causes of this disease have been associated with 

societies that have high maize and low protein diets which in turn can cause niacin and/or 

tryptophan deficiencies (Brenton and Paine, 2007). Late Preclassic Maya in particular 

relied heavily upon swidden agriculture which provided maize, beans, and squash as their 

core diet (Sanders, 1962; Crane and Carr, 1994). Since maize was a staple food of the 

Maya, it is likely that its high consumption at least contributed to the existence of 

Pellagra in this area (Lundell, 1939; Sanders, 1962; Behar, 1968; Coe, 1994; Brenton and 

Paine 2007). The classic symptoms of this disease are usually known as the four “D’s”: 

dermatitis, diarrhea, dementia and death. (Roe, 1973; Carpenter 1981). However, 

although the macroscopic manifestations of this disease are well documented, it is 
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important to briefly discuss the microscopic effects this disease has on bone and how it 

pertains to this research.  

 Some of the first correlations made between pellagra and the microstructure of 

bone were observed by European physicians of the late 18th to 19th centuries (Marie, 

1910). Eventually researchers were able to determine that fragility of bones in pellagrins 

was a result of the thinning of the outer portion of the bone which could be seen under the 

microscope and today is commonly known as osteoporosis (Lombroso, 1892; Funk, 

1922; Lavinder, 1911; Marie, 1910; Niles, 1912; Roberts, 1914). 

 Paine and Brenton (2006) further demonstrated how Pellagra can affect the 

microstructure of bone and in particular the rib. In their study of a South African 

population, Paine and Brenton (2006) showed that pellagra along with non-specific 

malnutrition can lower the bone turn-over rates resulting in lower than normal osteon 

population densities (OPD).  
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1. Periosteum 5. Osteon of compact bone 
2. Secondary Osteon 6. Haversian canal  
3. Canaliculi 7. Volkmann’s canal 
4. Lamellae  
  

 
Figure 2.3 

Microscopic Structure of Cortical Bone (Martini, 1998) 
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CHAPTER III 

MATERIALS AND METHODS 

 

Materials 

Skeletal Samples 

 The skeletal remains of sixteen individuals from an archaeological site in Colha, 

Belize known as Operation 2031 were cut into thin cross-sections and prepared for 

histological study. The permission to use these skeletal remains was obtained from Dr. 

Fred Valdez (University of Texas). The skeletal samples used in this research are 

summarized in Table 3.1 

The sixteen individuals that were used for this research belonged to either Middle 

Preclassic or Late Preclassic periods of Maya civilization. Although a total of sixteen 

individuals were used in the study, it is important to note that only twelve provided both 

rib and clavicle samples while the remaining four only provided clavicle samples. This 

research therefore relied on the skeletal remains of sixteen individuals that yielded a total 

of 56 thin sections. These thin sections were comprised of 24 thin sections from rib 

samples and 32 thin sections from clavicle samples.  

 

Methods 

Pathologies Related to Diet 

 The specimens from Colha, Belize were previously analyzed for certain 

pathologies by Foster (1997) that can be attributed to dietary deficiencies and general 
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problems with dietary health. The three types of pathologies that were examined and used 

to categorize the specimens were enamel hypoplasias, porotic hyperostosis and periostitis 

(Foster, 1997). 

 

Equipment for Preparation of Bone Samples 

 Histological preparation of the slides used standard equipment as described by 

Stout and Paine (1992, 1994) and followed directions outlined by Paine (2007). The 

equipment that was used included an Isomet bone-cutting saw that utilized diamond-

tipped saw blades, an Ecomet 3 variable speed polisher-grinder, a standard light 

microscope, sandpaper discs, petrographic slides, Permount solution, Buehler Epoxide 

Resin, Buehler Epoxide Hardener, and a handheld bone saw (Stout and Paine, 1992, 

1994; Paine, 2007). 

 
Cross Section Identification 

The cross-sections that were obtained from each sample were taken from the 

midshaft region of the clavicles and the flattest surface possible from each of the ribs 

(Stout and Paine, 1992; Paine, 2007). The reason for these specific spots was to allow the 

minimum amount of variance in shape when looking at the cross-sections under the 

microscope. Two thin cross-sections were prepared from each clavicle and rib sample. 

There were 24 rib cross-sections and 32 clavicle cross-sections prepared for a total of 56 

thin cross-sections. All of the thin sections were given an identification number for 

labeling purposes and to make it easier to identify each sample (Paine, 2007). The 

location and corresponding identification number for each sample are summarized in 

table 3.2.                      
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Preparation of Bone Samples Prior to Cutting Thin Sections 

 The bones that were used for this research were in a fragile state, so great care had 

to be taken when preparing the bones for cutting. Many of the bones were fragmented so 

that choosing the right type of bone for this research required in many instances picking 

either a rib fragment that was flat and uniform in shape, or a clavicle fragment that was 

uniformly round. The bones that were intact or were too large to place in the ice cube 

trays had to be cut using a handheld bone saw (Paine, 2007).  

Small one inch sections were selected from the medial portion of the clavicles and 

flat non-curved area of the ribs (Paine, 2007). Although in some instances, specific to 

availability, ribs that were more curved than was desired were used. The one inch 

sections were obtained by holding the bone gently on the table and using the bone saw to 

cut the needed piece (Paine, 2007). A hardening material was then mixed to serve as a 

stabilizer for the bone fragments. The mixture by volume consisted of 5 parts Buehler 

Epoxide Resin to 1 part Buehler Epoxide Hardener. This mixture was made in small 

batches and was poured into ice cube molds that contained the bone fragments. A small 

piece of paper was also placed in each mold that identified the sample by bone type and 

number. The bone samples were then left to harden for at least two days (Stout and Paine, 

2006; Paine, 2007).  

 

Preparation of Bone Thin Sections 

 A Buehler Isomet low speed saw (Bueler, Lake Bluff, IL) was used to cut the 

bone sections. The samples that were to be cut were mounted on the saws lever arm. 
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They were secured in place using clamps that attached directly to the saw. The saw 

position was then adjusted to accommodate the desired width of the bone section. The 

Buehler diamond edged blades were subsequently used to cut the thin bone sections 

(Stout and Paine, 1992; Paine, 2007). 

 In order for the micro-anatomical data to be visible, the sections had to be ground 

down to a point where they were transparent (Stout and Paine, 1992, 2006; Paine, 2007). 

The first step in this process was to transfer the thin sections onto petrographic slides and 

add a couple of drops of Permount (Fisher Scientific, Fair Lawn, NJ) solution onto the 

slides. The bone sections were then secured in place with paper clips and left to dry for 

up to 2 weeks (Paine, 2007). Once the bone sections were dried they were ground down 

to a suitable size of at least 75microns for microscopic viewing. The bone sections were 

ground down using the Ecomet 3 variable speed polisher-grinder (Stout and Paine, 1992, 

2006; Paine, 2007). While the samples were being ground down, they were intermittently 

checked using the standard light microscope to determine if the desired thickness had 

been reached to allow the viewing of histological features (Paine, 2007). The individual 

samples were ground down to the desired thickness by holding the samples directly on 

the sand paper surface and applying gentle pressure. The spinning of the sandpaper and 

water would remove any excessive bone tissues and allow the viewing of histological 

features under the microscope (Paine, 2007). In some cases, slides had to be gently 

rubbed on the surface of the sandpaper while the polisher-grinder was turned off so as to 

remove small imperfections in the thin sections.  

 The bone samples that were produced were of such a thickness that they allowed 

for the viewing of histological features using a standard light microscope. The bone thin-
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sections were left on the petrographic slides rather than being moved to viewing slides 

due to the fragility of the samples. The petrographic slides however are much smaller 

than standard microscope slides and therefore when placed on the light microscope they 

cannot be maneuvered correctly. To resolve this problem, an additional petrographic slide 

was placed alongside the slide containing the cross-section. This created a suitable sized 

pseudo-slide that could be manipulated using the stage adjustments on the microscope in 

order to view the bone thin-sections. A standard light microscope was used that could 

magnify the samples to at least 100X magnification. In order to facilitate counting 

features and determining histological data, one of the oculars was fitted with a standard 

counting reticule. This reticule consisted of a grid pattern that was superimposed on the 

image of the cross section and covered an area of bone of 2.16 mm2. The squared off area 

was used as the boundary when counting osteons (Stout and Paine, 1992, 1994; Paine, 

2007). 

 Once the cross-sections were set on the microscope and the objective lens was set 

to the 10X magnification, the counting of the osteons could begin (Stout and Paine, 1992, 

1994; Paine, 2007). There were two separate thin cross-sections prepared for each bone 

sample and the entire cross-section for each bone sample was studied under the 

microscope so that all the osteons could be counted (Stout and Paine, 1994, 1994, 2006; 

Paine, 2007). The cross-section of a sample would first be adjusted so that the counting 

reticule would appear at the top corner of the sample (usually the top left corner) 

superimposed on the bone image. The method of counting the osteons consisted of 

placing the reticule on one area, counting all the osteons/Haversian canals in that area and 

then moving the cross-section one entire field of vision down. It was important when 
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moving the field of vision to take notice of major histological features that could aid in 

correctly aligning the reticule and cross-section so that no overlap occurred. Once an 

entire vertical portion of the cross-section was read, the slide was moved to the right so 

that the next vertical portion could be read in the same manner. This procedure was 

continued until the entire cross-section had been covered and all the osteons had been 

counted (Horni, 2002).  

A lap counter was used when counting secondary osteons within the gridded area 

(Horni, 2002). Due to the deteriorated state of the bone samples used, instead of counting 

the actual osteons, the Haversian canals were used as a substitute. The Haversian canals 

were easy to identify due to their circular shape and the way in which the light from the 

microscope penetrated the voided area. Since all intact osteons contain Haversian canals, 

they allowed for an accurate depiction of the intact osteon numbers within each thin 

section.  The purpose of the lap counter was to not lose count when dealing with areas 

that had high densities of osteons (Horni, 2002). All the data collected was recorded in a 

spreadsheet. 

Once the cross-sections had been read and all the osteon counts had been 

determined, the next step was to determine the cortical bone area for each of the cross-

sections. The cortical bone area was necessary in order to determine the Intact Secondary 

Osteon Population Density (ISOD) of each cross section. In order to calculate the cortical 

bone area, a computer program called Pax-It! (Midwest Information Systems, Inc.) was 

implemented (Paine, 2007). This program allowed the capturing of the cross-section 

image onto a computer screen in real-time. Once the image was on the computer screen it 

looked just like the image that could be seen through the microscope ocular. Once again, 
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to ensure continuity of data, the image that was captured on the screen was magnified 

100X. The image was set up in much the same way as when the osteons were being 

counted except that no counting reticule was used. Instead, the mouse was used to trace 

the outline of the cortical bone in each field of vision. Once the cortical bone had been 

traced in a field of vision, Pax-It would calculate the area within the traced area. The 

measurements would be given in mm2 and they would be recorded onto a spreadsheet 

(Paine, 2007). Once the area for a field of vision was calculated, the slide was shifted 

exactly one field of vision over so that the next area could be calculated. This process 

would continue until all the cortical bone areas had been recorded onto a spreadsheet. 

The cortical bone areas for each field of vision were then added together to provide the 

cortical bone area for the entire thin cross-section (Paine, 2007). This procedure was 

repeated for all 56 cross sections.  

The intact secondary osteon population density (ISOD) for each cross section was 

then determined so that they could be used in the analysis of the cross sections. Since two 

osteon counts and two cortical bone areas were calculated for each bone sample, an 

average of the two measurements was used to provide more accurate results by helping to 

correct for human error in counting. The average intact secondary osteon counts were 

then divided by the average cortical bone area to obtain the ISOD (Intact Secondary 

Osteon Count/Cortical Bone Area= Number of Intact Secondary Osteons/mm2). This 

information was used in conjunction with Haversian canal areas to determine how diet 

and health may have had an impact on their development.   

The next step in the process included obtaining Haversian canal areas for all of 

the samples. Since the Haversian canals were the primary source for determining osteon 
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presence it was necessary to get as much information about them as possible. The same 

process that was used to determine the area of each cross section was implemented in 

determining the area of the Haversian canals. A slide was first placed on the microscope 

and the image was looked at under 100x magnification on the computer screen. An initial 

overview of the Haversian canal sizes was determined by panning through the slide and 

getting an impression of the diversity of sizes. If it was determined that all of the 

Haversian canals were of similar size then any 10 were chosen at random and the areas 

were calculated by tracing them with the mouse and using the area measurement tool to 

determine the area in mm2(Horni, 2002; Paine, 2007). The average area for each sample 

was then calculated. In the instances where there was a wide range of Haversian canal 

sizes, it was important to include a sampling of as many different sizes as possible within 

the 10 that were collected. These were picked by taking care to include the varying sizes 

that were representative of that sample. The Haversian canal areas were collected for all 

56 cross-sections representing the 28 bone samples.  

 

Statistical Analysis 

 The first part of the statistical analysis required defining three different sets of 

variables for both ribs and clavicles; large Haversian canal area (LHCA) and small 

Haversian canal area (SHCA), large cortical bone area (LCBA) and small cortical bone 

area (SCBA), and large intact secondary osteon density (LISOD) and small intact 

secondary osteon density (SISOD). Each of the above mentioned variables was defined 

by looking at the averages and breaking them into subsequent groups.  
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 Rib LHCA was defined as Haversian canals that fell above the average HCA of 

0.012162 mm2, while SHCA was defined as those that fell below the average. Rib LCBA 

was defined as areas that were greater than the average of 31.25 mm2, while SCBA was 

defined as those that fell below the average. Rib LISOD was defined as samples that were 

greater than or equal to the average of 8.87/ mm2, while SISOD were those samples that 

fell below the average. Clavicle LHCA was defined as those that were larger than the 

average of 0.017554 mm2, while SHCA was defined as those that were smaller than the 

average. Clavicle LCBA was defined as areas that were greater than the average of 58.87 

mm2, while SCBA was defined as those that were smaller than the average. Finally, 

Clavicle LISOD was defined as samples that were above the average of 5.81 mm2, while 

SISOD was defined as samples that were below the average. 

 Fisher’s exact test was then used to analyze whether there was a statistically 

significant relationship between the defined variables (LHCA/SHCA, LCBA/SCBA, and 

LISOD/SISOD) and the various skeletal lesions identified by Foster (1997).  Specifically, 

this analysis is used to test the hypothesis H0: P1=P2 versus H1: P1≠P2. The first step of 

the statistical analysis required constructing 2x2 contingency tables with the applicable 

data.  Table 3.3 is an example of the general layout that is required for this test. In this 

example number of rib samples with LHCA and SHCA are grouped according to whether 

or not the corresponding skeletal material showed signs of any of the three types of 

lesions looked at in this research (Enamel Hypoplasias, Porotic Hyperostosis, and 

Periostitic Lesions). This same process was applied to all rib and clavicle samples. In 

addition, all samples were put into groups for each type of variable (LHCA/SHCA, 
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LCBA/SCBA, and LISOD/SISOD) as well as each type of specific skeletal lesion 

(enamel hypoplasias, porotic hyperostosis, and periostitic lesions).  

 The second step involved determining the exact probability of observing a table 

with cells a,b,c,d like the one depicted in table 3.3. For this purpose, the following 

equation was used; 
!!!!!

)!()!()!()!(),,,Pr(
dcban

dbcadcbadcba ++++
=  

The final step in Fisher’s exact test required to enumerate all possible tables with the 

same row and column margins as the observed table and compute the exact probability of 

each table using the formula above. Since a two sided alternative was used for this 

analysis, the hypothesis H0: P1=P2 versus H1: P1≠P2 was tested by using the following 

equation;  
p-value=2Xmin[Pr(0)+Pr(1)+…+Pr(a)+Pr(a+1)+…+Pr(k),.5]. 

This equation supposes that the first table enumerated is the a table and the last table 

enumerated is the k table. Microsoft Excel was used to calculate the probabilities and the 

p-values by entering the data into 2X2 contingency tables.  

Table 3.1 
Skeletal Samples 

Location Bone Element  
Lot 238 (One individual) Clavicles 
Lot 218 (One individual) Fragmented clavicles 
Lot 219 (One individual) Clavicles 

Lot 184A (One individual) Clavicles and rib fragments 
Lot 184B (One individual) Clavicles and rib fragments 
Lot 118 Burial Complex   
Lot 110A (One individual) Clavicle and rib fragments 
Lot 110B (One individual) Clavicles 
Lot 223A (One individual) Clavicles 
Lot 214 (One individual) Clavicles 

Lot 215 (Three individuals) Three left clavicles 
Lot 165 (One individual) Clavicles 
Lot 117 (One individual) Clavicles and rib fragments 

Lot 125 (Two individuals) Rib fragments 
 
 



Texas Tech University, Sammy Giraldo, May 2012 
 

48  

 
 

Table 3.2 
Skeletal Identification Numbers 

Location I.D. # Skeletal Pathology (Yes/No) 
Lot 238 C1A, C1B, R1A, R1B Yes 
Lot 218 C2A, C2B, R2A, R2B Yes 
Lot 219 C3A, C3B Yes 
Lot 184A C4A, C4B, R3A, R3B Yes 
Lot 184B C5A, C5B, R4A, R4B Yes 
Lot 110A  C6A, C6B, R5A, R5B Yes 
Lot 110B C7A, C7B, R6A, R6B Yes 
Lot 223A C8A, C8B, R7A, R7B Yes 
Lot 214 C9A, C9B, R8A, R8B Yes 
Lot 215-11 C10A, C10B Yes 
Lot 215-7 C11A, C11B Yes 
Lot 215-2 C12A, C12B Yes 
Lot 165 C13A, C13B, R9A, R9B Yes 
Lot 117 C14A, C14B, R10A, R10B Yes 
Lot 125A C15A, C15B, R11A, R11B Yes 
Lot 125B C16A, C16B, R12A, R12B Yes 

C= Clavicle    R= Rib 

 
Table 3.3 

General Layout of Data for Fisher’s Exact Test Example 
 Rib LHCA Rib SHCA Column Total 

With Lesions a b a+b 
Without Lesions c d c+d 

Row Total a+c b+d n 
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CHAPTER IV 

RESULTS 

 Sixteen human skeletal samples from Operation 2031 in Colha, Belize were 

subjected to histological analysis. Out of these sixteen burials, 56 thin sections were 

produced: 24 from ribs and 32 from clavicles. The data is presented in a raw form and 

includes the number of intact secondary osteons, Haversian canal area, cross-section 

cortical bone area and intact secondary osteon density. A description of pathologies 

caused by dietary deficiencies will also be presented. 

 

Intact Secondary Osteons 

 The number of intact secondary osteons for both rib and clavicle cross sections is 

presented in Table 4.1 and Table 4.2. The highest number of average secondary osteons 

for rib thin sections was obtained from an adult female with an osteological age of 45-60 

years found in lot 110A (Foster, 1997). The thin sections for this individual yielded an 

average osteon count of 492 osteons. The lowest average osteon count for the rib thin 

sections was obtained from a female with an osteological age of 17-21 years recovered 

from lot 238 which provided an average osteon count of 98.5.  

The highest average number of osteons for the clavicle thin sections was obtained 

from an adult of unknown age and sex in lot 218 which yielded an average count of 562 

osteons per sample. The lowest number was obtained from the female aged 17-2l years 

from lot 238 which yielded an average of 172.5 osteons per sample. 
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Table 4.1 
Total Number of Intact Secondary Osteons in Adult Rib Thin Sections and Average 

Number of Intact Secondary Osteons in Each Pair of Thin Sections Observed at 100X 
Magnification 

I.D./Lot # *Osteological 
Age (years) 

*Sex  Intact 
Secondary 
Osteon Count 

Average 
Number of 
Intact 
Secondary 
Osteons  

R1A/238 17-21 Female 87 98.5 
R1B/238 110 
R2A/218 Unknown age Unknown 177 171.5 
R2B/218 166 
R3A/184A 30-40 Female 451 462.5 
R3B/184A 474 
R4A/184B Unknown age Male 256 229.5 
R4B/184B 203 
R5A/110A 45-60 Female 455 492 
R5B/110A 529 
R6A/110B Over 50 Female 214 211 
R6B/110B 208 
R7A/223A 35-45 Female 247 256.5 
R7B/223A 266 
R8A/214 Unknown age Male 251 279 
R8B/214 307 
R9A/165 Over 35 Male 206 200 
R9B/165 194 
R10A/117 Unknown age Male 292 309.5 
R10B/117 327 
R11A/125A Unknown age Unknown 142 156.5 
R11B/125A 171 
R12A/125B Unknown age Unknown 364 377.5 
R12B/125B 391 
*Age and sex provided by Foster (1997) 
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Table 4.2 
Total Number of Intact Secondary Osteons in Adult Clavicle Thin Sections and Average 

Number of Intact Secondary Osteons in Each Pair of Thin Sections Observed at 100X 
Magnification 

I.D./Lot # *Osteological 
Age (years) 

*Sex  Intact 
Secondary 
Osteon Count 

Average 
Number of 
Intact 
Secondary 
Osteons  

C1A/238 17-21 Female 159 172.5 
C1B/238 186 
C2A/218 Unknown age Unknown 607 562 
C2B/218 517 
C3A/219 Over 50 Female 214 231 
C3B/219 248 
C4A/184A 30-40 Female 264 249.5 
C4B/184A 235 
C5A/184B Unknown age Male 401 448.5 
C5B/184B 496 
C6A/110A 45-60 Female 276 294 
C6B/110A 312 
C7A/110B Over 50 Female 191 285 
C7B/110B 379 
C8A/223A 35-45 Female 262 253.5 
C8B/223A 244 
C9A/214 Unknown age Male 308 298.5 
C9B/214 289 
C10A/215-11 Unknown age Unknown 418 379.5 
C10B/215-11 341 
C11A/215-7 Unknown age Unknown 229 230 
C11B/215-7 231 
C12A/215-2 Unknown age Unknown 413 457 
C12B/215-2 501 
C13A/165 Over 35 Male 274 270 
C13B/165 266 
C14A/117 Unknown age Male 423 410.5 
C14B/117 398 
C15A/125A Unknown age Unknown 519 512 
C15B/125A 505 
C16A/125B Unknown age Unknown 479 443.5 
C16B/125B 408 
*Age and sex provided by Foster (1997) 
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The rib cortical bone area is represented in Table 4.3, while the clavicle cortical 

bone area is represented in Table 4.4. There was a wide range of cortical areas observed 

for both the rib and clavicle samples which may have been attributed to health factors or 

natural development of the bone. The largest average cortical area for the rib samples was 

obtained from individual 184A at 47.58mm2. The smallest average area for a rib sample 

was much smaller at 15.19mm2 from individual 218. The clavicle thin sections provided 

a similar pattern in which there was a wide range of cortical bone areas that were 

observed. The largest average cortical bone area was obtained from individual 215-2 and 

yielded an average area of 96.62mm2 per sample. The smallest average area was obtained 

from individual 219 and provided an average area of 33.08mm2 per clavicle sample. The 

raw data containing all the individual areas of each observed field of vision can be seen in 

the appendix under Table A.1 for the rib samples and Table A.2 for the clavicle samples. 

In this specific study, skeletal lesions were used as a measure of health. However, 

when the skeletal lesions for 184A and 218 were compared they were very similar even 

though the rib cortical areas varied greatly in size. Sample 184A had periostotic lesions 

on the tibia, fibula and humerus, while 218 had similar lesions on the radius. The clavicle 

cortical areas were even less useful in predicting health. Sample 215-2 which by far had 

the largest cortical area, presented enamel hypoplasias, porotic hyperostosis and 

periostotic lesions, while sample 219 which had the smallest cortical area presented no 

skeletal lesions.   
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Table 4.3  

Cortical Bone Area, ISOD and Osteological Ages for Rib Thin Sections at 100x 
Magnification 

I.D./Lot# *Osteological 
Estimated Age  

N Total 
Area 

(mm2) 

Avg. 
Area 

(mm2) 

ISOD 

R1A/238 17-21 13 40.39 40.08 2.46 R1B/238 13 39.77 
R2A/218 Adult of unknown 

age 
8 14.39 15.19 11.29 R2B/218 7 15.99 

R3A/184A 30-40 14 44.15 47.58 9.72 R3B/184A 14 51.01 
R4A/184B Adult of unknown 

age 
10 23.43 25.89 8.87 R4B/184B 11 28.34 

R5A/110A 45-60 12 43.05 42.07 11.69 R5B/110A 10 41.09 
R6A/110B Over 50 8 24.45 24.45 8.56 R6B/110B 9 24.45 
R7A/223A 35-45 9 19.55 19.94 12.87 R7B/223A 9 20.32 
R8A/214 Adult of unknown 

age 
9 33.86 35.51 7.86 R8B/214 9 37.16 

R9A/165 Over 35 10 24.38 24.45 8.05 R9B/165 10 24.32 
R10A/117 Adult of unknown 

age 
9 36.06 41.71 7.42 R10B/117 11 47.37 

R11A/125A Adult of unknown 
age 

8 26.62 25.26 6.19 R11B/125A 8 23.91 
R12A/125B Adult of unknown 

age 
10 32.97 32.86 11.49 R12B/125B 10 32.74 

*Foster (1997) 
N= Number of field of visions that were observed per section of bone 
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Table 4.4  
Cortical Bone Area, ISOD and Osteological Age for Adult Clavicle Thin Sections at 

100x Magnification 
I.D./Lot# Osteological 

Estimated Age* 
N Total Area 

(mm2) 
Avg. Area 

(mm2) 
ISOD 

C1A/238 17-21 12 48.94 50.81 3.40 C1B/238 13 52.67 
C2A/218 Unknown age 16 70.51 69.72 8.06 C2B/218 14 68.93 
C3A/219 Over 50 8 32.75 33.08 6.98 C3B/219 10 33.41 

C4A/184A 30-40 12 40.48 41.13 6.07 C4B/184A 11 41.78 
C5A/184B Unknown age 16 59.71 58.74 7.64 C5B/185B 16 57.76 
C6A/110A 45-60 9 48.19 47.82 6.15 C6B/110A 10 47.45 
C7A/110B Over 50 14 54.32 53.74 5.30 C7B/110B 12 54.20 
C8A/223A 35-45 14 53.28 52.83 4.40 C8B/223A 14 52.37 
C9A/214 Unknown age 10 56.82 55.18 5.42 C9B/214 9 53.42 

C10A/215-11 Unknown age 16 69.17 69.52 5.46 C10B/215-11 15 69.88 
C11A/215-7 Unknown age 13 57.51 56.38 4.08 C11B/215-7 13 55.26 
C12A/215-2 Unknown age 18 92.44 96.62 4.33 C12B/215-2 18 100.79 
C13A/165 Over 35 12 42.08 41.38 6.53 C13B/165 14 40.68 
C14A/117 Unknown age 14 75.80 74.00 5.55 C14B/117 14 72.20 

C15A/125A Unknown age 16 69.99 71.33 7.18 C15B/125A 16 72.67 
C16A/125B Unknown age 18 70.34 69.63 6.37 C16B/125B 17 68.92 

*Age provided by Foster (1997) 
N= Number of field of visions that were observed per section of bone 
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 The intact secondary osteon density (ISOD) for the rib thin sections is presented 

in Table 4.3 and the data for clavicle ISOD is presented in Table 4.4. In Table 4.3 all of 

the ISOD’s were higher than 6 osteons/mm2 except for individual 238 (Age 17-21) which 

provided an average ISOD of 2.46 mm2. This is much lower than the expected OPD for 

this age range which would be between 9.64 mm2 and 13.79 mm2, since OPD takes into 

account fragmentary as well as intact secondary osteons (Stout and Paine, 1992). The 

highest average ISOD for the rib samples was obtained from individual 223A (Age 35-

45) and provided an ISOD of 12.87mm2. 

 The ISOD for the clavicle thin sections contained a more varied representation 

with the lowest average ISOD of 3.40mm2 belonging to individual 238. The highest 

average ISOD of 8.06mm2 belonged to individual 218.  

 Table 4.3 displays the osteological age for the twelve individuals that provided rib 

samples along with the cortical bone area and ISOD. Table 4.4 displays the osteological 

age for the sixteen individuals that provided clavicle samples along with the cortical bone 

area and ISOD.  

  

Haversian Canal Area 

The thin section samples that were observed under the microscope were in poor 

condition and had undergone diagenesis which made it difficult to identify specific 

fragmentary osteons. Although the osteons were not visible as a whole, the Haversian 

canals which make up the center of the osteon were clearly visible and were used for 

purposes of counting intact secondary osteons. Table 4.5 and 4.6 contain the average 
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Haversian canal areas for the rib and clavicle thin sections by using ten randomly chosen 

Haverian canals. In Table 4.5 the average Haversian canal area ranged from 0.004167 

mm2 for sample R1A who was a 17-21 year old female, to 0.019317 mm2 in sample R2A 

who was an adult of unknown age and sex (Foster, 1997). In Table 4.6 the average 

Haversian canal area ranged from 0.00702 mm2 in sample C10A which was an adult of 

unknown age and sex, to 0.050462 mm2 in C1A which was a female aged 17-21 (Foster, 

1997). The raw data containing each cross section’s individual areas for the Haversian 

canals can be found in the appendix. Table A.3 contains the Haversian canal areas for the 

rib cross sections, while Table A.4 contains the Haversian canal areas for the clavicle 

cross sections.  

 

Pathologies Related to Diet 

 The specimens from Colha, Belize were analyzed by Foster (1997) for certain 

pathologies that can be attributed to dietary deficiencies and general problems with 

dietary health. Enamel hypoplasias, porotic hyperostosis and periostitis were the three 

types of pathologies that were examined and used to categorize the skeletal specimens 

(Foster, 1997). The raw data comparing the Rib HCA, CBA and ISOD to the three types 

of skeletal lesions can be seen in table 4.7. Likewise, the raw data containing the Clavicle 

HCA, CBA and ISOD to the three different types of skeletal lesions is seen in table 4.8. 

This is the raw data that was used to define LHCA/SHCA, LCBA/SCBA, and 

LISOD/SISOD as described in the methods section.  
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Statistical Analysis 

The raw data containing the averages for rib and clavicle Haversian canal areas, 

cortical bone areas and ISOD can be found in table 4.9. In the rib samples there was 

equal distribution of LHCA and SHCA, LCBA and SCBA, and LISOD and SISOD as 

shown in Table 4.10. Each of the variables for the rib samples had a distribution of six 

that fell above the averages and six that fell below the average. The clavicles samples 

showed a more varied distribution. In the clavicle samples, seven samples were classified 

as LHCA while nine were classified as SHCA. Also, six samples were classified as 

LCBA while 10 were classified as SCBA. The ISOD was the only category which 

showed an equal distribution of eight LISOD and eight SISOD. These samples were all 

shown in Table 4.10 as well.  

 The raw data containing the 2x2 contingency tables required to perform Fisher’s 

exact test are shown in Table 4.11 and Tables A.5-A.27. Table 4.12 contains the raw data 

that was obtained from running Fisher’s exact test on the 24 separate contingency tables. 

The test showed that only contingency Table 4.11 showed a significant statistical 

relationship between the variables with a p-value of 0.02564. Fisher’s exact test therefore 

shows that there is a statistically significant relationship between enamel hypoplasias and 

clavicle ISOD for this small sample population. The remaining 23 contingency tables 

displayed in the appendix all showed p-values > .05 which for the purposes of this 

research are not statistically significant.  
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Table 4.5 
Average Rib Haversian Canal Area (mm2) for Ten Randomly Chosen Osteons and the 

Standard Deviation 
I.D./Lot # Avg. Area Standard Deviation 
R1A/238 0.004167 0.001195 
R1B/238 0.004575 0.001741 
R2A/218 0.019317 0.009922 
R2B/218 0.009465 0.0061 

R3A/184A 0.009116 0.005897 
R3B/184A 0.011445 0.005417 
R4A/184B 0.008474 0.004578 
R4B/184B 0.015044 0.009573 
R5A/110A 0.011121 0.00281 
R5B/110A 0.010862 0.005848 
R6A/110B 0.014756 0.011154 
R6B/110B 0.013317 0.008612 
R7A/223A 0.012492 0.010435 
R7B/223A 0.01629 0.008786 
R8A/214 0.013462 0.009677 
R8B/214 0.012793 0.007758 
R9A/165 0.012175 0.0049 
R9B/165 0.006419 0.001854 

R10A/117 0.014253 0.005163 
R10B/117 0.014204 0.008506 

R11A/125A 0.011665 0.007553 
R11B/125A 0.032987 0.014032 
R12A/125B 0.006178 0.002558 
R12B/125B 0.007308 0.002848 
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Table 4.6 
Average Clavicle Haversian Canal Area (mm2) for Ten Randomly Chosen Osteons and 

the Standard Deviation 
I.D./Lot # Avg. Area Standard Deviation 
C1A/238 0.050462 0.063107 
C1B/238 0.029034 0.030234 
C2A/218 0.024795 0.014885 
C2B/218 0.026734 0.01693 
C3A/219 0.012723 0.004487 
C3B/219 0.01459 0.005099 

C4A/184A 0.013312 0.005988 
C4B/184A 0.010228 0.006864 
C5A/184B 0.015468 0.009117 
C5B/184B 0.02465 0.01896 
C6A/110A 0.012693 0.005737 
C6B/110A 0.017449 0.014751 
C7A/110B? 0.019028 0.01369 
C7B/110B? 0.016441 0.016279 
C8A/223A 0.01157 0.005091 
C8B/223A 0.010057 0.005636 
C9A/214 0.01225 0.0064 
C9B/214 0.007936 0.001648 

C10A/215-11 0.00702 0.001638 
C10B/215-11 0.016891 0.008114 
C11A/215-7 0.009311 0.002221 
C11B/215-7 0.024051 0.018394 
C12A/215-2 0.011795 0.003714 
C12B/215-2 0.018345 0.015239 
C13A/165 0.017202 0.011545 
C13B/165 0.019126 0.008671 
C14A/117 0.023329 0.01593 
C14B/117 0.020491 0.007786 

C15A/125A 0.012687 0.010003 
C15B/125A 0.009229 0.004868 
C16A/125B 0.012888 0.0058 
C16B/125B 0.015523 0.009594 
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Table 4.7 
Correlation between Average Haversian Canal Area, Cortical Bone Area, ISOD and 

Skeletal Lesions for Rib Thin Sections 
I.D./Lot # Avg. 

HCA 
(mm2) 

Avg. 
CBA 
(mm2) 

Avg. 
ISOD/mm2 

Enamel 
Hypoplasias 

Porotic 
Hyperostosis 

Periostotic 
Lesions 

R1A/238 .004371 40.08 2.46 Upper 
canines and 
upper 
incisors 

_ Ulna, fibula, 
humerus and 
radius R1B/238 

R2A/218 .014391 15.19 11.29 _ _ Midshaft left 
radius R2B/218 

R3A/184A .010281 47.58 9.72 _ _ Medium on 
tibia and 
both fibulae 
midshafts. 
Slight on 
right 
humerus 
proximal 
shaft 

R3B/184A 

R4A/184B .011759 25.89 8.87 _ Occipital _ 
R4B/184B 
R5A/110A .010992 42.07 11.69 _ _ Moderate 

midshaft of 
both tibiae 
and severe 
both fibulae 

R5B/110A 

R6A/110B .014037 24.45 8.56 _ _ Slight distal 
right radius R6B/110B 

R7A/223A .014391 19.94 12.87 Canines Healed 
occipital 
lesions 

_ 
R7B/223A 

R8A/214 .013128 35.51 7.86 _ _ _ 
R8B/214 
R9A/165 .009297 24.45 8.05 _ _ Slight healed 

right tibia 
shaft 

R9B/165 

R10A/117 .014229 41.71 7.42 _ Healed 
frontal and 
parietal 

_ 
R10B/117 

R11A/125A .022326 25.26 6.19 _ _ _ 
R11B/125A 
R12A/125B .006743 32.86 11.49 _ _ _ 
R12B/125B 
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Table 4.8 
Correlation between Average Haversian Canal Area, Cortical Bone Area, ISOD and 

Skeletal Lesions for Clavicle Thin Sections 
I.D./Lot # Avg. 

HCA 
(mm2) 

Avg. 
CBA 
(mm2) 

Avg. 
ISOD/mm2 

Enamel 
Hypoplasias 

Porotic 
Hyperostosis 

Periostotic 
Lesions 

C1A/238 .039748 50.81 3.40 Upper 
canines and 
upper 
incisors 

_ Ulna, fibula, 
humerus and 
radius 

C1B/238 

C2A/218 .025765 69.72 8.06 _ _ Midshaft L. 
radius C2B/218 

C3A/219 .013657 33.08 6.98 _ _  
C3B/219 
C4A/184A .011770 41.13 6.07 _ _ Medium on 

tibia and both 
fibulae 
midshafts. 
Slight on R. 
humerus 
proximal shaft 

C4B/184A 

C5A/184B .020059 58.74 7.64 _ Occipital _ 
C5B/184B 
C6A/110A .015071 47.82 6.15 _ _ Moderate 

midshaft of 
both tibiae and 
severe both 
fibulae 

C6B/110A 

C7A/110B .017735 53.74 5.30 _ _ Slight distal R. 
radius C7B/110B 

C8A/223A .018014 52.83 4.40 Canines Healed occipital 
lesions 

_ 
C8B/223A 
C9A/214 .010093 55.18 5.42 _ _ _ 
C9B/214 
C10A/215-11 .011956 69.52 5.46 L. and R. 

canines 
Occipital Fibula shaft 

C10B/215-11 
C11A/215-7 .016681 56.38 4.08 L. and R. 

canines 
Occipital Fibula shaft 

C11B/215-7 
C12A/215-2 .015070 96.62 4.33 L. and R. 

canines 
Occipital Fibula shaft 

C12B/215-2 
C13A/165 .018164 41.38 6.53 _ _ Slight healed 

R. tibia shaft C13B/165 
C14A/117 .021910 74.00 5.55 _ Healed frontal 

and parietal 
_ 

C14B/117 
C15A/125A .010958 71.33 7.18 _ _ _ 
C15B/125A 
C16A/125B .014206 69.63 6.37 _ _ _ 
C16B/125B 
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Table 4.9 
Average Haversian Canal Area, Cortical Bone Area and Intact Secondary Osteon Density 

for Rib and Clavicle Samples 
Sample Avg. HCA Avg. CBA Avg. ISOD 

Rib  .012162 mm2 31.25 mm2 8.87/mm2 

Clavicle .017554 mm2 58.87 mm2 5.81/mm2 

HCA=Haversian Canal Area 
CBA=Cortical Bone Area 
ISOD=Intact Secondary Osteon Density 

 

Table 4.10 
Distribution of Large/Small Haversian Canal Area, Large/Small Cortical Bone Area, and 

Large/Small Intact Secondary Osteon Density Among Rib and Clavicle Samples 
Sample LHCA SHCA LCBA SCBA LISOD SISOD 

Rib 
(N1=12) 

6 6 6 6 6 6 

Clavicle 
(N2=16) 

7 9 6 10 8 8 

N1= total number of samples for each of the 3 main variables (HCA, CBA, and ISOD) 
N2= total number of samples for each of the 3 main variables (HCA, CBA and ISOD) 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 

 
 

Table 4.11 
Fisher’s Exact Test for Clavicle Large Intact Secondary Osteon Density and Small Intact 

Secondary Osteon Density With and Without Enamel Hypoplasias 
 Clavicle LISOD Clavicle SISOD Row Total 

With EH 0 5 5 
Without EH 8 3 11 

Column Total 8 8 16 
p-value= 0.02564 
p-value for any hypothesis test is the α level at which we would be indifferent between 
accepting or rejecting H0 given the sample data at hand 
EH=Enamel Hypoplasias 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 
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Table 4.12 
Exact Probability of Observing a Table and p-value to Determine Relationship between 
Skeletal Lesions and Haversian Canal Area, Cortical Bone Area and Intact Secondary 

Osteon Density 
Association Pr p-value 

General Skeletal Lesions and Rib HCA (Table A.5) 0.40909 1 
General Skeletal Lesions and Rib CBA (Table A.6) 0.40909 1 
General Skeletal Lesions and Rib ISOD (Table A.7) 0.40909 1 
General Skeletal Lesions and Clavicle HCA (Table 

A.8) 
0.06923 0.08846 

General Skeletal Lesions and Clavicle CBA (Table 
A.9) 

0.37088 0.60440 

General Skeletal Lesions and Clavicle ISOD (Table 
A.10) 

0.24615 0.56923 

EH and Rib HCA (Table A.11) 0.54545 1 
PH and Rib HCA (Table A.12) 0.40909 1 
PL and Rib HCA (Table A.13) 0.24351 0.56710 
EH and Rib CBA (Table A.14) 0.54545 1 
PH and Rib CBA (Table A.15) 0.40909 1 
PL and Rib CBA (Table A.16) 0.43290 1 
EH and Rib ISOD (Table A.17) 0.54545 1 
PH and Rib ISOD (Table A.18) 0.40909 1 
PL and Rib ISOD (Table A.19) 0.43290 1 

EH and Clavicle HCA (Table A.20) 0.40385 1 
PH and Clavicle HCA (Table A.21) 0.36713 1 
PL and Clavicle HCA (Table A.22) 0.38549 1 
EH and Clavicle CBA (Table A.23) 0.41209 1 
PH and Clavicle CBA (Table A.24) 0.29970 0.60664 
PL and Clavicle CBA (Table A.25) 0.36713 1 
EH and Clavicle ISOD (Table 4.11) 0.01282 0.02564 
PH and Clavicle ISOD (Table A.26) 0.05594 0.11888 
PL and Clavicle ISOD (Table A.27) 0.34266 1 

Pr=exact probability of observing a table with cells a,b,c,d. 
HCA= Haversian Canal Area 
CBA= Cortical Bone Area 
ISOD= Intact Secondary Osteon Density 
EH= Enamel Hypoplasias 
PH= Porotic Hyperostosis 
PL= Periostitic Lesions 
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CHAPTER V 

DISCUSSION 

 Determining if microscopic histological features are affected by health and 

specifically skeletal lesions is something that can greatly help in the understanding of the 

demographic profile of ancient skeletal populations. This thesis attempted to look at 

HCA, CBA and ISOD and determine whether any significant relationship existed 

between them and the skeletal lesions that had previously been observed by Foster (1997) 

and to therefore decide whether these microscopic features were affected by health. In 

addition, diagenesis became an important component of this research because it affected 

the ability to accurately read the histological features of the bone due to its destructive 

nature. 

The focus of this research was to determining if HCA, CBA and ISOD could be 

shown to be affected by skeletal lesions. In other words, the research tried to determine if 

health could be shown to statistically play a significant role in the development of these 

microscopic histological features. This information will be discussed by looking at each 

histological feature individually and how general lesions as well as specific lesions may 

have affected their development. In addition, all aspects of various factors affecting the 

research will be discussed including diagenesis.  

 

Rib Samples 

The difference in size of the rib fragments may have caused inaccuracies in 

determining the variables that were used for this research. Although the samples were 

kept as uniform as possible, there was no way to determine which section of the rib or 
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what rib specifically each sample originated from. This likely led to inconsistencies in the 

cortical bone areas and osteon counts due to differences that may be encountered in 

different sections of bone or different ribs altogether. Furthermore, these discrepancies 

would have affected the ISOD since both variables (cortical bone area and osteon counts) 

are required for its calculation. These variations in the sample population would have also 

affected the accuracy of the Stout and Paine (1992) age estimating equation because OPD 

is the primary variable that is required for this equation. Since there was likely a 

substantial variation in the sample population the results could have been affected and is 

something that would be necessary to take into account for future research. Specifically, 

whenever possible it would be of great benefit to try to obtain complete rib samples so 

that cross sections from different individuals could be obtained from the same rib and 

same section of rib. Furthermore, the ISOD that was used for this research may have 

similarly been affected due to the inability to use rib sections obtained from the same area 

of rib. Ideally, rib sections from the same section of rib would have been used for the 

various individuals. However, due to the fragmented and deteriorated condition of the 

bones this was not possible.  

 

Clavicle Samples 

Since the clavicle cross-sections were obtained from the same area, the problems 

that were seen with the rib variables were not encountered in this case. There was much 

more confidence of uniformity in the variables that were obtained from these samples due 

to the consistency of the sample regions. Most of the clavicles were intact or mostly 

intact and therefore all the sections came from the middle shaft region of the clavicle. 
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Although clavicle number of secondary osteons (CNSO) was obtained from similar 

regions on all the clavicles, this variable only dealt with intact secondary osteons. This is 

mainly because the bones were still in poor condition, and the diagenesis limited the 

counting of osteons only to intact secondary osteons. Fragmentary osteons were still not 

visible and therefore could not be included in the analysis. 

 

Diagenesis 

 It is important to discuss the effects of diagenesis on the bones used in this thesis 

because of its impact on the ability to read microscopic histological features of the cross-

sections. Specifically, the inability to measure the areas of intact secondary osteons and 

to distinguish fragmentary osteons caused problems with the overall analysis of the cross-

sections.   

The degradation of the bone used in this research was to such a degree that it was 

not possible to distinguish any fragmentary osteons. Since fragmentary osteons were 

indistinguishable, only intact secondary osteons were used at part of the analysis for this 

research. However, the area of the intact secondary osteons could not be calculated 

because the cement lines were not visible due to the diagenesis of the bone samples. This 

caused problems in that it diminished the number of variables available for use in this 

analysis. Although the diagenesis affected the number of variables that could be used for 

this research, HCA, CBA and ISOD were not affected as dramatically and therefore 

became central to this thesis. In particular the focal point became how health and diet 

(skeletal lesions) affected these histological features. The diagenetic effect on the Colha 

skeletal samples and the absence of fragmentary secondary osteons can be seen in Figure 
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5.1 and 5.2 which respectively show rib and clavicle samples for the individual found in 

lot 184A. These two samples are representative of the skeletal remains as a whole in that 

they show the degradation of the bone to the point that only hollow areas are left where 

the Haversian canals are located. In addition, it is evident from these figures that 

secondary fragmentary osteons could not be discerned due to the poor condition of the 

skeletal material. This type of diagenesis was seen throughout all of the cross section 

samples.  

 
Figure 5.1 

Rib R3A Cross Section 
 

 
Figure 5.2 

Clavicle C4A Cross Section 
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Intact Secondary Osteons 

 The number of intact secondary osteons that were observed in the cross sections 

was an extremely important variable because it gives insight as to the possible dietary and 

nutritional deficiencies that may have affected the histological structure of the bone. The 

average number of intact secondary osteons for each set of samples can be seen in table 

4.1 and 4.2. The average number of osteons for the rib cross sections ranged from a low 

of 98.5 to a high of 462.5. The clavicles on the other hand, which have a much larger 

surface area, ranged from 172.5 to 562 osteons. Although it seems like the osteon counts 

covered a large range, they were usually in proportion with cortical bone area. In other 

words, the cross-sections with larger cortical bone areas had more osteons than those with 

smaller cortical bone areas. The osteon count numbers, therefore, had to be looked at in 

conjunction with the cortical bone areas to better understand how they may have played a 

role in determining whether or not they were affected by diet or heatlh. This variable was 

ISOD which will be discussed later on.  

 

Cortical Bone Area 

 The cortical bone areas which were extremely porotic in nature provided a unique 

challenge in the process of obtaining data for this research. There was difficulty 

differentiating cortical bone from surrounding sediment and material that was found in 

the bone cavities from years of being buried. The cross-sections had to be looked at with 

much care to differentiate between the cortical bone containing the Haversian canals and 

the surrounding material that was made up of debris from the burial site.  
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 The data that was obtained from this part of the research can be seen in table 4.3 

and 4.4 which provide the cortical bone areas for the rib and clavicle cross-sections. This 

information was a necessary component in order to be able to determine the ISOD which 

can also bee seen in Tables 4.3 and 4.4. The immediate information that was obtained 

from this data was that there was clear evidence of the differences in size between the 

ribs and clavicles as was expected. There was however one interesting piece of 

information that gave some insight into the variability of a population. Although the rib 

cross sections were collected from a wider range of areas on the rib, the clavicles actually 

showed a much greater variability in terms of cortical bone area. The ribs cross sections 

had a low cortical bone area of 14.39 mm2 for sample R2A and a high of 51.01 mm2 for 

sample R3B. This data showed a range of approximately 36.62 mm2. The clavicle bone 

samples however showed a much greater range of cortical bone areas even though they 

were all obtained from similar middle sections of clavicles. The clavicle cross sections 

had a low cortical bone area of 32.75 mm2 for sample C3A and a high of 100.79 mm2 for 

sample C12B giving a range of 68.04 mm2. The discrepancy in the ranges for the rib and 

clavicle cortical bone areas can be mainly attributed to sample C12 which was a much 

larger clavicle than any of the other samples that were examined. If this sample were 

removed from the data set, the range of clavicle cortical areas would be 43.05072 mm2 

which is much closer to the difference seen in the rib samples.  

 CBA and skeletal lesions showed to have no significant relationship with all the 

p-values being above .05 when using Fisher’s exact test. Although no relationship could 

be shown, it is important to note that the lack of complete skeletal remains for analysis 

may have contributed to the results. This will be elaborated upon in the ISOD section. 
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Intact Secondary Osteon Density 

 The ISOD became an important variable in this research once it was determined 

that fragmentary osteons could not be included in any analysis due to the degradation of 

the bone which prevented them from being identified. The ISOD which is depicted in 

table 4.3 for ribs and 4.4 for clavicles therefore became a focal point of this research with 

regards to secondary osteons. Although by itself it did not provide any significant 

information, it was used in conjunction with Fisher’s exact test to determine if any 

significant relationship existed between ISOD and skeletal lesions. The results of the 

statistical analysis showed that the relationship between enamel hypoplasias and Clavicle 

ISOD was statistically significant with a p-value of .02564. Although statistically it was 

shown that these two variables were related, it is important to look at the entire 

population as a whole and determine if the data fits with the other results.  

 As it turns out, EH and Clavicle ISOD was the only pair of variables that were 

even close to showing any sort of significance. Just because EH and Clavicle ISOD 

showed this significant relationship in the small sample population does not necessarily 

mean ISOD is positively or negatively affected by EH. It is important to note that none of 

the other skeletal lesions showed any significant relationship with ISOD either in 

clavicles or ribs. Furthermore, it must be mentioned that this population was extremely 

fragmented and in very poor overall condition. This possibly affected the accuracy of 

Fosters (1997) analysis on skeletal lesions. There were likely many lesions that were 

present in the skeletal remains that could not be recorded due to missing and/or extremely 

fragmented bones. If the entire skeletal remains were available for analysis, it would have 
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provided a much more complete picture of the lesions and in turn would have aided in 

providing more accurate data to be used with Fisher’s exact test. 

 

Haversian Canal Areas 

 HCA was studied in this research because it provided information on possible 

detrimental effects of dietary and nutritional deficiencies. Like the other variables 

studied, the main purpose was to try and determine if there was any significant 

relationship between HCA and skeletal lesions. 

 Although the areas that were calculated were extremely small, there were still 

noticeable differences in the average Haversian canal areas from sample to sample. The 

mean Haversian canal areas for the rib samples ranged from a low of 0.004167 mm2 

(R1A) to a high of 0.032987 mm2 (R11B). This shows that the average Haversian canal 

area for sample R11B was just under eight times as large as the average Haversian canal 

area for sample R1A. Although at first glance the small numbers may not seem like 

much, it is evident that there is quite a large difference in the average Haversian canal 

areas for the various cross-sections. 

 The Haversian canal areas that were obtained from the clavicle cross sections 

samples also proved to contain a wide range of variability. The smallest average 

Haversian canal area was 0.00702 mm2 (C10A) while the highest average area was 

0.050462 mm2 (C1A). Again this difference in areas is quite noticeable with the average 

Haversian canal area of sample C1A being more than seven times greater than the 

average area of Haversian canals in sample C10A.  
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 There was no significant relationship that could be shown between HCA and 

skeletal lesions with all of the p-values being above .05. Again, the accuracy of the data 

used in this small sample was likely affected by the lack of complete skeletal remains 

available for analysis.  

 

Pathologies Related to Diet 

 The specimens from Colha, Belize were previously analyzed by Foster (1997) for 

certain pathologies that can be traced back to dietary deficiencies and other dietary health 

issues. The three types of pathologies that can be traced to nutritional or dietary problems 

are enamel hypoplasias, porotic hyperostosis and periostitis. The occurrence of these 

pathologies is recorded on Table 4.7 and 4.8.  

 Due to the nature of these pathologies which are often attributed to malnutrition 

or dietary deficiencies, initially it seemed a logical step to try and show a relationship 

between dietary deficiencies characterized by skeletal lesions and microscopic 

histological features (HCA, CBA, and ISOD). Specifically, if the results by Paine and 

Brenton (2006) are looked at closely it can be seen that there are many factors that are 

affected when a population is afflicted with malnutrition. In that study, it was determined 

that some individuals showed decreased numbers of fragmentary osteons that were 

uncommon for their age. In addition, it was determined that secondary osteon size and 

Haversian canal areas were larger than expected for the mean ages looked at in the South 

African sample group. Cortical bone area was also less than what was expected (Paine 

and Brenton, 2006).  
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In this research I hoped to compare the obtained values for HCA, CBA and ISOD 

with skeletal lesions and determine if there was a significant relationship that could be 

shown. As mentioned in the previous sections, the only statistically significant 

relationship that could be determined was between enamel hypoplasias and Clavicle 

ISOD. Even in this case, the results would have to be put into question due to the fact that 

ISOD showed no significant relationship with any other skeletal lesion. Furthermore, Rib 

ISOD showed no significant relationship with EH and the analysis conducted by Foster 

(1997) may have not included all skeletal lesions actually present due to missing and/or 

fragmented bones. This additional data would have at least given more confidence to the 

one significant relationship that was shown between EH and Clavicle ISOD.  

 It is tempting to take the information obtained from the Paine and Brenton (2006) 

study and apply it to the results that were obtained from this research, but there are a few 

problems that arise. The main issue that arose resulted from the high degree of diagenesis 

that was present in the samples and its affect on the histology of the bones. In particular, 

the degraded condition of the bone prevented fragmentary secondary osteons from being 

observed under the microscope. Since fragmentary secondary osteons could not be 

observed due to the condition of the bone, it made it impossible to determine to what 

degree nutritional deficiencies affected the osteon population density. This was the main 

reason why part of the focus of the research shifted to look at how nutritional deficiencies 

may have affected additional components of the microscopic histology of the bones, 

instead of just focusing on OPD. It is important to mention at this point that cortical bone 

area was also affected by the degradation of the bone. Although not as significant as the 

inability to see fragmentary osteons was to determining histological age, it still may have 
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played a role in the accuracy of using Fisher’s exact test to determine whether the 

development of the histological features showed a relationship to the skeletal lesions 

observed. Since the bone was so severely degraded and had undergone diagenesis, this 

presented two fronts that may have affected the accuracy of the cortical bone areas. First, 

great care had to be taken when calculating CBA because the diagenesis made it difficult 

to distinguish bone from surrounding minerals in some of the samples. This may have 

caused some errors in reading samples. Second, some of the samples had missing 

sections that were a result of the deteriorated condition of the bone. Although, the 

samples that were studied did not have large areas missing, it was still evident that there 

were sections of bone that had worn away due to natural deterioration or other factors.  

 One final point that must be emphasized is the overall effect that the condition of 

the skeletal remains may have played in the accuracy of results obtained. From the 

beginning when the bones were being sorted to determine which ribs and clavicles were 

appropriate for use in this study, it was evident that the overall condition of the skeletal 

remains was poor. None of the skeletal remains were fully intact and in particular ribs 

were extremely fragmented and mixed making it impossible to determine what rib or 

section of rib was being looked at. This obviously affected the consistency of the samples 

used to make the rib cross sections. The clavicles were for the most part intact so they did 

not pose similar problems. However, the rest of the skeletal remains were in similarly 

poor condition. Although this did not affect my analysis directly, it definitely would have 

affected the paleopathological analysis conducted by Foster (1997).  Since many of the 

bones were missing or only small fragments remained, it is impossible to know if the 

lesions that were documented were the only ones present or if there were lesions that had 
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been present on bones that were no longer available. This would have affected the results 

of this research because if intact skeletal remains had been analyzed it would have 

provided definitive data on all the skeletal lesions present. There would be no gray area 

as to whether or not the lesions documented were all inclusive. As things stand, the 

statistical analysis had to proceed without the benefit of knowing if all skeletal lesions 

were actually documented and for that reason it is important to note that the results can 

only be looked at with these issues in mind and not as definitive answers. 
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CHAPTER VI 

CONCLUSIONS 

This histological study of Maya skeletal remains from Colha, Belize looked at 16 

burials that yielded a total of 56 thin sections for analysis. These 56 thin sections were 

further divided into 24 thin sections from rib samples and 32 thin sections from clavicle 

samples. The data analyzed here can offer significant insight into the possibilities that 

microscopic histological features can provide in terms of knowledge about the health of a 

population. Unfortunately, due to the deteriorated condition of the bone and diagenesis 

present, the results obtained in this research did not make any significant correlations 

between skeletal lesions and the histological features analyzed with the exception of EH 

and clavicle ISOD. Even this result must be looked at with caution because it would be 

expected that some of the other 23 relationships that were tested would also show some 

statistical significance, but that was not the case. In this scenario it is important to not 

look at the relationship of EH and clavicle ISOD individually, but to analyze it in the 

context of the research as a whole. When looked at in this way it seems that perhaps some 

uncontrollable external factor may have played a role in providing this result and that the 

relationship, although statistically significant, did not necessarily prove or disprove that 

EH has an effect on clavicle ISOD.   

Although human osteology is an extremely broad field, there seems to be a 

relatively small emphasis on studies that deal with looking at how nutritional deficiencies 

by way of skeletal lesions affect the histological composition of skeletal remains. The 

condition of the bone came to the forefront of this research when it became evident that 

the diagenesis of the bones prevented the observation of fragmentary secondary osteons 
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which are a necessary variable in determining OPD. Therefore, since OPD could not be 

accurately determined, ISOD was substituted as a replacement variable that could provide 

similar results.  

The sample size that was used for this research was comprised of sixteen 

individuals, which must be considered a small sample population. This in itself caused 

inherent problems and led to the use of Fisher’s exact test for statistical analysis. This test 

is usually reserved for sample sizes that are small and which require statistical 

interpretation. The results obtained in this research did not determine any significant 

correlation between HCA, CBA or ISOD and skeletal lesions. With the exception of the 

debatable relationship established between EH and clavicle ISOD it is clear that this is a 

topic that would require further analysis.   The results offered in this thesis should 

provide compelling evidence that there is the need for further research into this area of 

histology and specifically how dietary and nutritional deficiencies as well as bone 

diagenesis can affect histological aging methods and more importantly how they affect 

overall interpretations of the relationship between skeletal lesions and microscopic 

histological features. Although table 4.11 showed a statistically significant relationship 

between EH and ISOD in clavicle samples with a p-value of 0.02564, this does not 

conclusively determine a positive or negative relationship between the two variables. In 

instances such as this where it would seem logical that there might be more than one 

statistically significant relationship, it is important to look at the overall research and full 

sample population. In this case there was no other set of variables that showed any 

statistical significance with Fisher’s exact test. Even EH and Rib ISOD proved to have no 

significant relationship with a p-value of 1. This opens the possibility that although the 
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Clavicle EH and ISOD were shown to have a statistically significant relationship it may 

have been the result of external factors such as the extremely small sample population 

among other things. 

 In order to make more accurate statistical interpretations and conclusions from the 

data provided it is important to obtain a larger sample size that provides skeletal material 

that is as complete as possible. The small sample size that was used in this thesis research 

affected the ability to use additional statistical techniques’ and the condition of the bones 

affected the data that was used for statistical analysis.  

   

Applications 

 The research conducted throughout this thesis has been aimed mainly at the fields 

of skeletal biology and bioarchaeology. In particular this research has focused on Maya 

remains and how histological features can be used as a possible way to look at the effects 

of dietary health through skeletal lesions. In addition, the effect of diagenesis and its role 

in affecting these types of analysis’ became an important focal point of the research and 

contribution to the body of knowledge in this field. Although this research is meant 

primarily to be used for furthering research in Maya skeletal biology and bioarchaeology, 

it has implications in any field related to prehistoric populations and especially those 

remains that are found in similar degraded condition due to diagenesis.  

 The amount of diagenesis discovered in the Colha skeletal remains provides an 

important piece of information when doing any histological analysis on a prehistoric 

population. Particularly important is the reduced ability to accurately read the cross 

sections of bone due to the degraded condition and mineralization of the skeletal material. 
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Hopefully this research shows that histological analysis is important, while also keeping 

in mind how the diagenetic effects on bone can affect accurate readings. 

 

Association Between Enamel Hypoplasias and Periostitic Lesions 

 Recently new research by Dewitte and Bekvalac (2011) has been aimed at trying 

to determine if a relationship exists between periodontal disease and Periostitic lesions 

and if the relationship extends to Enamel Hypoplasia and Periostitic Lesions. This is 

significant because it highlights new relationships that can be studied in the Colha 

remains between the enamel Hypoplasias and Periostitic lesions that were observed in the 

skeletal population. The research by Dewitte and Bekvalac (2011) focused on skeletal 

remains from a medieval population from London recovered from St. Mary Graces 

Cemetery. The primary objective of the study was to determine whether periodontal 

disease was significantly associated with some non-oral marker of health instead of trying 

to determine whether an association existed between periodontal disease and any one 

particular cause of Periostitic lesions (Dewitte and Bekvalac, 2011). In order to explain 

any relationship that might be observed between periodontal disease and periosteal 

lesions, the researchers determined how each of the conditions was associated with two 

common indicators of childhood stress; enamel hypoplasias and adult femur length 

(Dewitte and Bekvalac, 2011). 

 The results of this research determined that a significant association existed 

between periodontal disease and periosteal lesions in the St. Mary Graces sample. This 

means that in this specific population individuals with periodontal disease were also 

likely to have Periostitic lesions. However, when further analysis was done, it was 
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determined that although enamel hypoplasias were significantly associated with 

periodontal disease, they were not significantly associated with Periostitic lesions 

(Dewitte and Bekvalac, 2011).  

 Although a significant relationship between enamel hypoplasias and Periostitic 

lesions was not found in the St. Mary Graces sample population, it does raise some 

interesting questions and possibilities. Forefront in these matters is that in the Colha 

population there exists the possibility that the enamel hypoplasia and periostitic lesions 

observed are not independent of each other but might be the result of similar modes of 

origin. Specifically, they might be the result of pathogens that spread from the oral cavity 

to other parts of the body where they produce infection (Dewitte and Bekvalac, 2011). 

These events during childhood could account for the enamel hypoplasias that form during 

developmental stressors as well as the Periostitic lesions found on the long bones. Other 

possibilities that could account for relationship between these two types of lesions 

include impaired immune systems and excessive responses from the body due to the 

presence of bacteria and bacterial antigens (Dewitte and Bekvalac, 2011). 

 The findings in this study should at least raise awareness that the relationships 

discussed in this thesis can be looked at in different angles and provide new information. 

Specifically it would be helpful that in the future relationships between specific lesions 

bet looked at as well as the relationships between histological features and skeletal 

lesions. The findings that can be obtained from these relationships can give some better 

insight as to the underlying causes of the skeletal lesions and in turn how those health and 

dietary stressors can in turn affect the histological features of the bones.  
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Future Research 

 The findings described in this thesis need to be looked at in more depth in future 

research endeavors which focus specifically on trying to correlate the effects that dietary 

health and skeletal lesions have on the histological features of bone in Maya skeletal 

remains. The skeletal material that was used was known to suffer from multiple diet 

related bone pathologies, but the analysis did not allow any direct correlation to be made 

between diet and bone histology. Specifically, it was not possible to determine if diet or 

nutrition had any effect on the HCA, CBA or ISOD. 

 In addition, the sample size of the population was extremely small with only 

sixteen individuals used for analysis. Due to the fragmented nature of the skeletal remains 

and the poor condition of the bones, many difficulties arose in the process of this 

research. In the future it would be of great benefit to include a much larger population of 

Maya skeletal remains to be studied histologically. With a larger population, the results 

obtained would be statistically more significant and a better understanding of Maya 

populations would be gained.  

 Even though sample size is important, it would also be beneficial that future 

research focus on a population that provides skeletal material that is intact and can be 

fully analyzed for skeletal lesions resulting from nutritional pathologies. In the previous 

research conducted by Foster (1997) the majority of the skeletal remains were fragmented 

and it therefore made it difficult to provide a definitive picture of the lesions left by 

nutritional pathologies. 

 Another factor that could provide benefits would be to compare a population with 

known bone diagenesis to one that demonstrates no deterioration of bone samples. This 
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would provide a direct comparison of the effects that diagenesis has on doing a 

histological analysis on a skeletal population. It would also allow to more accurately 

show what type of effects nutrition and diet related pathologies have on histological 

features. 

 The application of histology in prehistoric populations is something that has been 

overlooked in many instances. Specifically, there is limited research done on Maya 

skeletal populations and how diet and skeletal lesions may affect the development of 

certain histological bone features. However, it is important to note that diagenesis is a 

common component in these prehistoric skeletal remains and that these issues will always 

arise as a result of this. Bone samples that are in good condition and have minimal 

deterioration would be ideal for this type of research. That is why diagenesis and how it 

affects the ability to read histological features takes on such an important role when 

looking at bone at the microscopic level. The amount of information that can be obtained 

from bone histology is something that can only benefit the Archaeological record. If 

future research focuses more on learning how histology can increase the knowledge about 

diet and health in prehistoric populations, innovative methods will be developed that 

show new relationships between bone histology and the dietary health of ancient people. 

Promoting new research in this field will allow diet related bone pathologies to be looked 

at in new ways by taking into account the effects on histological features while at the 

same time advancing the field of anthropology. 
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APPENDIX 
  

Table A.1 
Cortical Bone Area for Rib Thin Sections at 100x Magnification 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Area of Individual Fields of Vision (mm2) 

  

I.D./ 
Lot# 

a b c d e f g h i j k l m n Total 
Area 
(mm2) 

Avg. 
Area 
(mm2) 

R1A/ 
238 

3.78 0.004 2.97 1.60 3.35 2.16 6.00 0.51 7.11 3.14 3.45 3.56 2.76 _ 40.39 
 

40.08 

R1B/ 
238 

3.80 2.63 1.78 3.33 0.14 3.44 3.04 0.45 7.49 4.72 3.54 2.36 3.07 _ 39.77 

R2A/ 
218 

2.57 0.30 3.12 1.83 2.63 2.78 1.05 0.11 _ _ _ _ _ _ 14.39 15.19 

R2B/ 
218 

3.31 1.64 3.60 2.37 1.72 2.15 1.21 _ _ _ _ _ _ _ 15.99 

R3A/ 
184A 

2.02 4.03 3.23 4.00 1.46 4.26 2.22 1.89 3.47 6.20 4.94 4.21 1.61 0.60 44.15 47.58 

R3B/ 
184A 

5.18 2.81 0.11 3.36 4.21 6.53 5.92 6.13 2.63 0.63 4.25 6.30 2.08 0.87 51.01 

R4A/ 
184B 

1.13 1.11 2.43 2.31 4.60 3.51 3.34 3.15 1.15 0.71 _ _ _ _ 23.43 25.89 

R4B/ 
184B 

4.17 2.27 0.42 3.88 4.29 4.36 2.78 1.62 2.68 0.58 1.28 _ _ _ 28.34 

R5A/ 
110A 

3.01 0.003 4.41 4.86 5.37 4.41 5.51 5.46 3.86 5.63 0.35 0.19 _ _ 43.05 42.07 

R5B/ 
110A 

2.00 2.68 3.72 4.61 5.20 5.15 6.59 5.03 3.06 3.08 _ _ _ _ 41.09 

R6A/ 
110B 

3.73 2.74 2.92 3.50 3.80 3.89 3.26 1.00 _ _ _ _ _ _ 24.85 24.65 

R6B/ 
110B 

3.03 3.80 0.08 3.44 3.99 2.99 3.86 0.67 2.60 _ _ _ _ _ 24.45 

R7A/ 
223A 

1.75 2.36 1.60 3.15 3.79 2.22 2.31 1.01 1.37 _ _ _ _ _ 19.55 19.94 

R7B/ 
223A 

2.60 2.32 0.76 3.48 3.38 2.72 3.04 1.26 0.75 _ _ _ _ _ 20.32 

R8A/ 
214 

3.41 0.88 5.11 4.45 5.92 5.62 4.62 3.72 0.12 _ _ _ _ _ 33.86 35.51 

R8B/ 
214 

5.29 0.94 6.70 5.13 5.38 5.44 4.29 3.95 0.06 _ _ _ _ _ 37.16 

R9A/ 
165 

1.47 0.99 2.12 3.12 4.02 3.55 3.33 3.46 1.85 0.86 _ _ _ _ 24.78 24.85 

R9B/ 
165 

2.10 0.70 2.92 2.28 3.64 3.92 3.54 3.09 1.28 1.43 _ _ _ _ 24.92 

R10A
/ 117 

4.42 1.60 6.62 0.16 8.22 4.23 5.04 3.08 2.68 _ _ _ _ _ 36.06 41.71 

R10B
/ 117 

2.07 3.69 3.99 5.94 8.12 5.06 5.26 6.03 3.68 3.30 0.24 _ _ _ 47.37 

R11A
/ 
125A 

4.00 3.62 3.90 4.41 3.87 3.89 1.40 1.53 _ _ _ _ _ _ 26.62 25.26 

R11B
/ 
125A 

1.91 2.84 4.30 4.20 4.73 3.40 1.63 0.91 _ _ _ _ _ _ 23.91 

R12A
/ 
125B 

3.31 0.25 3.86 3.373
38 

4.444
56 

4.56 4.65 4.24 2.20 2.08 _ _ _ _ 32.97 32.86 

R12B
/ 
125B 

2.98 0.95 3.14 3.753
34 

4.450
64 

4.58 4.39 4.43 3.07 1.00 _ _ _ _ 32.74 
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Table A.2 

 Cortical Bone Area for Clavicle Thin Sections at 100x Magnification 
 

 

 
 
 
 
 

 Area of Individual Fields of Vision (mm2)   

I.D./Lot# a b c d e f g h i j k l m n o p q r Total 
Area 
(mm2) 

Avg. 
Area 
(mm2) 

C1A/238 5.79 7.56 5.87 0.55 6.56 0.08 4.434 4.15 5.32 7.26 1.28 0.08 _ _ _ _ _ _ 48.94 50.81 

C1B/238 5.71 7.82 5.40 0.20 7.32 0.66 6.66 4.72 5.11 5.84 1.92 0.98 0.33 _ _ _ _ _ 52.67 

C2A/218 3.49 7.89 7.13 0.59 8.17 0.85 0.55 6.27 4.43 6.83 1.13 3.37 3.62 4.00 7.39 4.79 _ _ 70.51 69.72 

C2B/   
218 

5.83 8.25 4.40 6.73 5.13 2.75 7.01 3.89 3.05 5.71 4.58 7.68 3.93 0.001 _ _ _ _ 68.93 

C3A/   
219 

4.88 5.17 1.90 3.73 5.49 4.49 3.71 3.38 _ _ _ _ _ _ _ _ _ _ 32.75 33.08 

C3B/   
219 

3.96 5.43 1.72 5.85 3.51 4.86 5.37 2.23 0.47 0.002 _ _ _ _ _ _ _ _ 33.41 

C4A/ 
184A 

4.67 5.03 2.51 5.36 0.59 4.044 4.23 0.17 5.88 3.84 3.39 0.77 _ _ _ _ _ _ 40.48 41.13 

C4B/ 
184A 

4.44 5.37 3.20 5.78 0.35 4.14 4.11 6.48 3.60 3.68 0.64 _ _ _ _ _ _ _ 41.78 

C5A/ 
184B 

5.12 5.56 1.05 5.49 3.86 3.49 7.14 0.22 0.21 5.01 3.05 4.90 6.03 7.36 1.16 0.05 _ _ 59.71 58.74 

C5B/ 
185B 

3.51 7.07 3.07 6.51 3.15 4.28 0.06 7.69 0.06 0.28 2.70 4.65 370 5.84 4.96 0.24 _ _ 57.76 

C6A/ 
110A 

4.29 6.77 6.54 6.89 6.46 4.76 6.11 6.16 0.21 _ _ _ _ _ _ _ _ _ 48.19 47.82 

C6B/ 
110A 

5.32 7.56 3.79 6.18 0.51 6.73 4.87 5.98 6.21 0.31 _ _ _ _ _ _ _ _ 47.45 

C7A/ 
110B 

4.20 5.30 4.63 5.65 0.22 6.45 7.48 0.07 0.66 4.15 3.29 3.56 6.16 2.69 _ _ _ _ 54.52 53.74 

C7B/ 
110B 

4.94 6.98 5.78 0.23 7.34 6.47 5.81 3.18 2.14 3.57 5.29 2.47 _ _ _ _ _ _ 54.20 

C8A/ 
223A 

3.62 4.04 7.05 3.32 5.66 0.63 6.29 5.84 4.09 7.54 0.62 2.09 2.41 0.07 _ _ _ _ 53.28 52.83 

C8B/ 
223A 

3.04 6.26 7.04 1.65 6.21 5.02 0.29 6.05 3.14 7.07 0.48 2.33 3.27 0.54 _ _ _ _ 52.37 

C9A/   
214 

4.34 8.25 4.11 8.15 6.66 7.27 5.62 8.65 3.42 0.35 _ _ _ _ _ _ _ _ 56.82 55.18 

C9B/   
214 

5.59 8.04 2.65 7.86 4.67 7.07 4.55 8.62 4.37 _ _ _ _ _ _ _ _ _ 53.41 

C10A/ 
215-11 

4.60 8.30 5.83 0.15 7.80 3.71 3.45 3.69 7.19 1.22 7.09 0.57 3.09 6.49 5.26 0.73 _ _ 69.17 69.52 

C10B/ 
215-11 

6.22 7.80 4.87 0.08 7.32 1.44 5.48 2.12 7.80 4.67 4.19 3.52 3.37 6.68 4.32 _ _ _ 69.88 

C11A/ 
215-7 

7.14 6.12 5.52 4.35 5.19 5.03 6.19 1.45 3.64 3.59 2.84 4.48 1.96 _ _ _ _ _ 57.51 56.38 

C11B/ 
215-7 

4.94 6.13 5.69 0.73 5.74 5.54 5.64 2.34 6.11 3.95 4.09 3.42 0.94 _ _ _ _ _ 55.26 

C12A/ 
215-2 

4.19 8.00 7.97 2.67 3.04 6.39 1.22 2.69 9.00 1.72 7.11 5.04 3.77 5.59 3.53 5.93 5.19 6.13 92.44 96.62 

C12B/ 
215-2 

4.02 6.15 5.55 6.56 2.81 7.41 5.02 6.16 5.05 3.21 6.16 2.93 9.00 6.87 4.11 8.13 8.64 3.02 100.79 

C13A/ 
165 

3.36 5.66 4.86 4.63 3.89 1.96 4.61 0.56 4.29 2.43 3.82 2.02 _ _ _ _ _ _ 42.08 41.38 

C13B/ 
165 

4.03 3.92 4.61 0.84 3.76 4.21 0.55 4.86 2.28 3.25 3.13 2.90 2.25 0.09 _ _ _ _ 40.68 

C14A/ 
117 

4.16 7.95 6.60 7.80 3.76 7.10 3.52 6.75 2.45 6.56 3.17 4.77 7.55 3.66 _ _ _ _ 75.80 74.00 

C14B/ 
117 

4.74 8.25 5.01 7.44 2.44 6.82 2.84 7.51 3.06 5.97 3.54 5.32 6.36 2.90 _ _ _ _ 72.20 

C15A/ 
125A 

4.17 6.90 4.39 7.97 1.12 4.83 1.18 7.84 2.79 6.64 2.28 6.00 8.60 4.98 0.10 0.19 _ _ 69.99 71.33 

C15B/ 
125A 

3.75 7.94 5.76 7.59 4.12 5.69 3.75 5.78 0.21 4.53 4.53 6.75 6.57 4.72 0.84 0.15 _ _ 72.67 

C16A/ 
125B 

3.95 4.70 6.10 1.23 6.98 0.82 6.21 0.93 6.23 0.84 6.50 2.60 5.51 6.66 6.86 1.65 1.47 1.10 70.34 69.63 

C16B/ 
125B 

3.78 4.71 6.71 2.00 7.35 5.34 1.59 6.30 0.20 5.84 2.89 5.29 7.11 7.16 1.11 1.20 0.33 _ 68.92 
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Table A.3 
Rib Haversian Canal Areas (mm2) for Ten Randomly Chosen Osteons and the Average 

Haversian Canal Area for Each Thin Section 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I.D./Lot # 
Area 

1 
Area 

2 
Area 

3 
Area 

4 
Area 

5 
Area 

6 
Area 

7 
Area 

8 
Area 

9 
Area 
10 

Avg. 
Area 

R1A/238 0.002 0.002 0.004 0.004 0.006 0.005 0.004 0.006 0.005 0.005 0.004 

R1B/238 0.003 0.003 0.007 0.004 0.002 0.007 0.004 0.005 0.006 0.003 0.005 

R2A/218 0.010 0.016 0.015 0.021 0.015 0.038 0.033 0.018 0.022 0.005 0.019 

R2B/218 0.024 0.016 0.008 0.005 0.006 0.007 0.008 0.004 0.009 0.008 0.009 

R3A/184A 0.002 0.007 0.005 0.006 0.023 0.014 0.009 0.009 0.009 0.007 0.009 

R3B/184A 0.010 0.007 0.015 0.008 0.009 0.019 0.022 0.006 0.010 0.009 0.011 

R4A/184B 0.016 0.014 0.007 0.009 0.003 0.004 0.013 0.006 0.004 0.007 0.008 

R4B/184B 0.007 0.010 0.040 0.014 0.015 0.013 0.012 0.008 0.016 0.015 0.015 

R5A/110A 0.008 0.007 0.010 0.017 0.011 0.013 0.012 0.012 0.010 0.010 0.011 

R5B/110A 0.011 0.005 0.011 0.015 0.005 0.007 0.021 0.020 0.007 0.007 0.011 

R6A/110B 0.035 0.030 0.009 0.018 0.008 0.004 0.010 0.007 0.003 0.023 0.015 

R6B/110B 0.032 0.006 0.010 0.007 0.021 0.018 0.006 0.008 0.018 0.007 0.013 

R7A/223A 0.018 0.017 0.014 0.038 0.008 0.007 0.005 0.007 0.007 0.003 0.012 

R7B/223A 0.012 0.008 0.018 0.015 0.005 0.030 0.030 0.021 0.008 0.016 0.016 

R8A/214 0.013 0.010 0.004 0.013 0.008 0.020 0.016 0.037 0.010 0.004 0.013 

R8B/214 0.007 0.020 0.005 0.003 0.010 0.022 0.009 0.027 0.012 0.012 0.013 

R9A/165 0.015 0.014 0.022 0.009 0.013 0.010 0.008 0.009 0.005 0.016 0.012 

R9B/165 0.006 0.006 0.006 0.006 0.005 0.005 0.005 0.006 0.008 0.011 0.006 

R10A/117 0.020 0.009 0.017 0.021 0.015 0.018 0.016 0.006 0.007 0.014 0.014 

R10B/117 0.028 0.023 0.026 0.011 0.013 0.014 0.006 0.008 0.005 0.007 0.014 
R11A/125
A 0.018 0.005 0.013 0.030 0.010 0.012 0.007 0.008 0.005 0.009 0.012 
R11B/125
A 0.038 0.037 0.030 0.060 0.030 0.012 0.037 0.040 0.035 0.011 0.033 
R12A/125
B 0.005 0.006 0.003 0.006 0.010 0.007 0.011 0.006 0.004 0.005 0.006 
R12B/125
B 0.004 0.005 0.007 0.011 0.009 0.007 0.007 0.013 0.007 0.004 0.007 
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Table A.4 

Clavicle Haversian Canal Areas (mm2) for Ten Randomly Chosen Osteons and the 
Average Haversian Canal Area for Each Thin Section 

 
 
 
 
 
 
 
 

I.D./Lot # 
Area 

1 
Area 

2 
Area 

3 
Area 

4 
Area 

5 
Area 

6 
Area 

7 
Area 

8 
Area 

9 
Area 
10 

Avg. 
Area 

C1A/238 0.017 0.028 0.223 0.037 0.015 0.072 0.041 0.012 0.017 0.043 0.050 

C1B/238 0.090 0.073 0.009 0.018 0.010 0.046 0.010 0.011 0.009 0.013 0.029 

C2A/218 0.061 0.009 0.013 0.029 0.015 0.021 0.028 0.016 0.032 0.023 0.025 

C2B/218 0.039 0.019 0.028 0.020 0.014 0.024 0.063 0.042 0.010 0.010 0.027 

C3A/219 0.006 0.014 0.013 0.018 0.014 0.010 0.021 0.012 0.012 0.008 0.013 

C3B/219 0.015 0.025 0.011 0.018 0.007 0.017 0.013 0.017 0.010 0.012 0.015 

C4A/184A 0.025 0.012 0.008 0.008 0.013 0.018 0.021 0.012 0.009 0.007 0.013 

C4B/184A 0.005 0.004 0.005 0.014 0.010 0.025 0.004 0.016 0.013 0.005 0.010 

C5A/184B 0.013 0.007 0.014 0.005 0.032 0.029 0.009 0.019 0.020 0.007 0.015 

C5B/184B 0.059 0.024 0.034 0.055 0.018 0.020 0.008 0.010 0.008 0.010 0.025 

C6A/110A 0.024 0.016 0.012 0.017 0.010 0.018 0.006 0.007 0.007 0.011 0.013 

C6B/110A 0.056 0.014 0.009 0.023 0.012 0.021 0.009 0.016 0.008 0.006 0.017 

C7A/110B? 0.020 0.013 0.016 0.003 0.006 0.047 0.023 0.038 0.010 0.013 0.019 

C7B/110B? 0.016 0.007 0.020 0.011 0.009 0.014 0.061 0.010 0.009 0.007 0.016 

C8A/223A 0.009 0.009 0.010 0.008 0.022 0.011 0.009 0.018 0.016 0.006 0.012 

C8B/223A 0.026 0.009 0.007 0.008 0.006 0.009 0.007 0.009 0.008 0.010 0.010 

C9A/214 0.009 0.010 0.012 0.016 0.029 0.008 0.008 0.006 0.012 0.012 0.012 

C9B/214 0.007 0.005 0.008 0.009 0.009 0.010 0.007 0.010 0.006 0.009 0.008 

C10A/215-11 0.008 0.009 0.010 0.005 0.007 0.006 0.009 0.006 0.007 0.004 0.007 

C10B/215-11 0.037 0.013 0.021 0.018 0.008 0.019 0.010 0.013 0.014 0.015 0.017 

C11A/215-7 0.010 0.007 0.010 0.006 0.011 0.012 0.010 0.012 0.006 0.010 0.009 

C11B/215-7 0.067 0.014 0.012 0.010 0.007 0.034 0.028 0.029 0.007 0.032 0.024 

C12A/215-2 0.012 0.006 0.006 0.013 0.011 0.019 0.015 0.012 0.012 0.012 0.012 

C12B/215-2 0.057 0.019 0.022 0.019 0.012 0.024 0.010 0.006 0.007 0.007 0.018 

C13A/165 0.015 0.035 0.006 0.013 0.036 0.009 0.010 0.010 0.030 0.010 0.017 

C13B/165 0.020 0.017 0.010 0.020 0.016 0.041 0.016 0.013 0.025 0.014 0.019 

C14A/117 0.058 0.027 0.008 0.043 0.022 0.021 0.019 0.009 0.012 0.015 0.023 

C14B/117 0.019 0.028 0.018 0.033 0.010 0.013 0.025 0.028 0.010 0.021 0.020 

C15A/125A 0.040 0.012 0.007 0.011 0.009 0.013 0.009 0.014 0.005 0.006 0.013 

C15B/125A 0.013 0.007 0.006 0.011 0.007 0.021 0.007 0.005 0.009 0.006 0.009 

C16A/125B 0.014 0.007 0.026 0.016 0.010 0.016 0.008 0.009 0.014 0.009 0.013 

C16B/125B 0.014 0.014 0.008 0.023 0.016 0.025 0.035 0.005 0.010 0.005 0.016 
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Table A.5 
Fisher’s Exact Test for Rib Large Haversian Canal Area and Small Haversian Canal Area 

With and Without Skeletal Lesions 
 Rib LHCA Rib SHCA Row Total 

With Lesions 4 5 9 
Without Lesions 2 1 3 

Column Total 6 6 12 
p-value= 1 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 

 
 

Table A.6 
Fisher’s Exact Test for Rib Large Cortical Bone Area and Small Cortical Bone Area With 

and Without Skeletal Lesions 
 Rib LCBA Rib SCBA Row Total 

With Lesions 4 5 9 
Without Lesions 2 1 3 

Column Total 6 6 12 
p-value= 1 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 
 

 
Table A.7 

Fisher’s Exact Test for Rib Large Intact Secondary Osteon Density and Small Intact 
Secondary Osteon Density With and Without Skeletal Lesions 

 Rib LISOD Rib SISOD Row Total 
With Lesions 5 4 9 

Without Lesions 1 2 3 
Column Total 6 6 12 

p-value= 1 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 

 
Table A.8 

Fisher’s Exact Test for Clavicle Large Haversian Canal Area and Small Haversian Canal 
Area With and Without Skeletal Lesions 

 Clavicle LHCA Clavicle SHCA Row Total 
With Lesions 7 5 12 

Without Lesions 0 4 4 
Column Total 7 9 16 

p-value= 0.08846 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 
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Table A.9 
Fisher’s Exact Test for Clavicle Large Cortical Bone Area and Small Cortical Bone Area 

With and Without Skeletal Lesions 
 Clavicle LCBA Clavicle SCBA Row Total 

With Lesions 4 8 12 
Without Lesions 2 2 4 

Column Total 6 10 16 
p-value= 0.60440 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 
 
 

Table A.10 
Fisher’s Exact Test for Clavicle Large Intact Secondary Osteon Density and Small Intact 

Secondary Osteon Density With and Without Skeletal Lesions 
 Clavicle LISOD Clavicle SISOD Row Total 

With Lesions 5 7 12 
Without Lesions 3 1 4 

Column Total 8 8 16 
p-value= 0.56923 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 
 

 
Table A.11 

Fisher’s Exact Test for Rib Large Haversian Canal Area and Small Haversian Canal Area 
With and Without Enamel Hypoplasias 

 Rib LHCA Rib SHCA Row Total 
With EH 1 1 2 

Without EH 5 5 10 
Column Total 6 6 12 

p-value= 1 
EH=Enamel Hypoplasias 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 
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Table A.12 
Fisher’s Exact Test for Rib Large Haversian Canal Area and Small Haversian Canal Area 

With and Without Porotic Hyperostosis 
 Rib LHCA Rib SHCA Row Total 

With PH 2 1 3 
Without PH 4 5 9 

Column Total 6 6 12 
p-value= 1 
PH=Porotic Hyperostosis 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 

 
 

Table A.13 
Fisher’s Exact Test for Rib Large Haversian Canal Area and Small Haversian Canal Area 

With and With Periostitic Lesions 
 Rib LHCA Rib SHCA Row Total 

With PL 2 4 6 
Without PL 4 2 6 

Column Total 6 6 12 
p-value= 0.56710 
PL=Periostitic Lesions 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 
 
 

Table A.14 
Fisher’s Exact Test for Rib Large Cortical Bone Area and Small Cortical Bone Area With 

and Without Enamel Hypoplasias 
 Rib LCBA Rib SCBA Row Total 

With EH 1 1 2 
Without EH 5 5 10 

Column Total 6 6 12 
p-value= 1 
EH=Enamel Hypoplasias 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 
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Table A.15 
Fisher’s Exact Test for Rib Large Cortical Bone Area and Small Cortical Bone Area With 

and Without Porotic Hyperostosis 
 Rib LCBA Rib SCBA Row Total 

With PH 1 2 3 
Without PH 5 4 9 

Column Total 6 6 12 
p-value= 1 
PH=Porotic Hyperostosis 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 

 
 

Table A.16 
Fisher’s Exact Test for Rib Large Cortical Bone Area and Small Cortical Bone Area With 

and Without Periostitic Lesions 
 Rib LCBA Rib SCBA Row Total 

With PL 3 3 6 
Without PL 3 3 6 

Column Total 6 6 12 
p-value= 1 
PL=Periostitic Lesions 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 
 

 
Table A.17 

Fisher’s Exact Test for Rib Large Intact Secondary Osteon Density and Small Intact 
Secondary Osteon Density With and Without Enamel Hypoplasias 

 Rib LISOD Rib SISOD Row Total 
With EH 1 1 2 

Without EH 5 5 10 
Column Total 6 6 12 

p-value= 1 
EH=Enamel Hypoplasias 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 
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Table A.18 
Fisher’s Exact Test for Rib Large Intact Secondary Osteon Density and Small Intact 

Secondary Osteon Density With and Without Porotic Hyperostosis 
 Rib LISOD Rib SISOD Row Total 

With PH 2 1 3 
Without PH 4 5 9 

Column Total 6 6 12 
p-value= 1 
PH=Porotic Hyperostosis 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 

 
 

Table A.19 
Fisher’s Exact Test for Rib Large Intact Secondary Osteon Density and Small Intact 

Secondary Osteon Density With and Without Periostitic Lesions 
 Rib LISOD Rib SISOD Row Total 

With PL 3 3 6 
Without PL 3 3 6 

Column Total 6 6 12 
p-value= 1 
PL=Periostitic Lesions 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 

 
 

Table A.20 
Fisher’s Exact Test for Clavicle Large Haversian Canal Area and Small Haversian Canal 

Area With and Without Enamel Hypoplasias 
 Clavicle LHCA Clavicle SHCA Row Total 

With EH 2 3 5 
Without EH 5 6 11 

Column Total 7 9 16 
p-value= 1 
EH=Enamel Hypoplasias 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 
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Table A.21 

Fisher’s Exact Test for Clavicle Large Haversian Canal Area and Small Haversian Canal 
Area With and Without Porotic Hyperostosis 

 Clavicle LHCA Clavicle SHCA Row Total 
With PH 3 3 6 

Without PH 4 6 10 
Column Total 7 9 16 

p-value= 1 
PH=Porotic Hyperostosis 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 

 
 

Table A.22 
Fisher’s Exact Test for Clavicle Large Haversian Canal Area and Small Haversian Canal 

Area With and Without Periostitic Lesions 
 Clavicle LHCA Clavicle SHCA Row Total 

With PL 4 5 9 
Without PL 3 4 7 

Column Total 7 9 16 
p-value= 1 
PL=Periostitic Lesions 
LHCA= Large Haversian Canal Area 
SHCA= Small Haversian Canal Area 

 
 

Table A.23 
Fisher’s Exact Test for Clavicle Large Cortical Bone Area and Small Cortical Bone Area 

With and Without Enamel Hypoplasias 
 Clavicle LCBA Clavicle SCBA Row Total 

With EH 2 3 5 
Without EH 4 7 11 

Column Total 6 10 16 
p-value= 1 
EH=Enamel Hypoplasias 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 
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Table A.24 
Fisher’s Exact Test for Clavicle Large Cortical Bone Area and Small Cortical Bone Area 

With and Without Porotic Hyperostosis 
 Clavicle LCBA Clavicle SCBA Row Total 

With PH 3 3 6 
Without PH 3 7 10 

Column Total 6 10 16 
p-value= 0.60664 
PH=Porotic Hyperostosis 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 

 
 

Table A.25 
Fisher’s Exact Test for Clavicle Large Cortical Bone Area and Small Cortical Bone Area 

With and Without Periostitic Lesions 
 Clavicle LCBA Clavicle SCBA Row Total 

With PL 3 6 9 
Without PL 3 4 7 

Column Total 6 10 16 
p-value= 1 
PL=Periostitic Lesions 
LCBA= Large Cortical Bone Area 
SCBA= Small Cortical Bone Area 

 
 

Table A.26 
Fisher’s Exact Test for Clavicle Large Intact Secondary Osteon Density and Small Intact 

Secondary Osteon Density With and Without Porotic Hyperostosis 
 Clavicle LISOD Clavicle SISOD Row Total 

With PH 1 5 6 
Without PH 7 3 10 

Column Total 8 8 16 
p-value= 0.11888 
PH=Porotic Hyperostosis 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 
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Table A.27 
Fisher’s Exact Test for Clavicle Large Intact Secondary Osteon Density and Small Intact 

Secondary Osteon Density With and Without Periostitic Lesions 
 Clavicle LISOD Clavicle SISOD Row Total 

With PL 4 5 9 
Without PL 4 3 7 

Column Total 8 8 16 
p-value= 1 
PL=Periostitic Lesions 
LISOD= Large Intact Secondary Osteon Density 
SISOD= Small Intact Secondary Osteon Density 

 
 


