
A STATISTICAL ANALYSIS OF THE RELATIONSHIP BETWEEN ENAMEL 
HYPOPLASIAS AND PERIOSTEAL LESIONS AMONG THE COLONIAL MAYA 

FROM TIPU, BELIZE 
 
 
 

By 
 
 

Megan C. Murphy B.A. 
 
 

A Thesis 
 

 In 
 

ANTHROPOLOGY 
 

Submitted to the Graduate Faulty  
of Texas tech University in  

Partial Fulfillment of 
 the Requirements for  

the Degree of 
 

MASTER OF ARTS 
 

Approved 
 

Dr. Robert R. Paine 
Chair of Committee 

 
 

Dr. Arthur Durband 
 
 

Peggy Gordon Miller 
Dean of the Graduate School 

 
 

August, 2012 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright 2012, Megan Murphy 



Texas	  Tech	  University,	  Megan	  Murphy,	  August	  2012	  

	   ii	  

ACKNOWLEDGMENTS 

 This project could not have been possible without the support and guidance of 

many people. First, I would like to thank the members of my committee, Dr. Robert R. 

Paine and Dr. Arthur Durband for their invaluable help during the research and writing 

processes of this project. I would like to express my gratitude to my friends and family 

for their support throughout the duration of this process as well.  

 Additionally, I am grateful to Dr. Mark Cohen of the State University of New 

York, Plattsburgh for allowing me access to the Tipu Skeletal Collection and for being 

incredibly accommodating and helpful. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas	  Tech	  University,	  Megan	  Murphy,	  August	  2012	  

	   iii	  

TABLE OF CONTENTS 

ACKNOWLEDGMENTS…..……………………………..…………..…..……………ii 

ABSTRACT.………………………………………………………….…...…………......v 

LIST OF TABLES............................................................................................................vi 

LIST OF FIGURES..........................................................................................................ix 

I. INTRODUCTION..........................................................................................................1 

II. BACKGROUND...........................................................................................................4 
 
     Location..........................................................................................................................4 
 
     Ethnohistory of the Site..................................................................................................7 
 
     Colonial Timeline of Tipu..............................................................................................9 
 1544-1567..............................................................................................................10 
 Colonial Tipu Prior to 1608...................................................................................11 
 1608-1622..............................................................................................................12 
 1623-1637..............................................................................................................13 
 1638-1694..............................................................................................................13 
 1695-1707..............................................................................................................14 
 
    Archaeology of Tipu......................................................................................................14 
 Architecture............................................................................................................16 
 Artifacts..................................................................................................................20 
 Continuity..............................................................................................................20 
 Change...................................................................................................................21 
 
   Osteology of the Tipu Site..............................................................................................24 
 Demography...........................................................................................................25 
 Previous Pathological Studies on the Tipu Collection ..........................................25 
 
III. MATERIALS AND METHODS.............................................................................28 
    
       Materials.....................................................................................................................28 
 
       Methods......................................................................................................................28 
 Pathological Assessment.......................................................................................28 
  Periostitis...................................................................................................28 
  Enamel Hypoplasias..................................................................................30 
  Statistical Testing......................................................................................32 



Texas	  Tech	  University,	  Megan	  Murphy,	  August	  2012	  

	   iv	  

IV. RESULTS...................................................................................................................35 
 
      Frequencies of Periosteal Lesions................................................................................35 
 
      Frequencies of Enamel Hypoplasias............................................................................37 
 
      Statistical Relationship Between the Pathologies........................................................39 
 
      Results of Statistical Analysis by Sex..........................................................................47 
 
V. DISCUSSION..............................................................................................................50 
 
     Hypothesis I..................................................................................................................54 

     Hypothesis II.................................................................................................................56 

     Hypothesis III................................................................................................................56 

VI. CONCLUSION..........................................................................................................59 
 
       Future Research..........................................................................................................62 
 
LITERATURE CITED...................................................................................................63 

 
 
 
 

 

 
 

 

 

 

 

 

 



Texas	  Tech	  University,	  Megan	  Murphy,	  August	  2012	  

	   v	  

ABSTRACT 
 

The purpose of this project it to determine if there is a significant statistical 

correlation between enamel hypoplasias and periosteal lesions of long bones among the 

Colonial Maya from the archaeological site of Tipu in Belize. Enamel hypoplasias and 

periosteal lesions are commonly recognized as indicators of physiological stress in 

skeletal populations. Although the exact etiology of enamel hypoplasias is unknown, 

their presence has been linked to periods of metabolic stress during the first 7 years of 

life. Non-specific periosteal lesions are the result of an inflamed periosteum due to 

infection or trauma. This study provides information about the relationship between 

enamel hypoplasias and periosteal lesions, which can in turn be interpreted to determine a 

correlation between individuals who incurred metabolic stress during childhood and the 

frequency of periosteal infections they sustained as an adult.  

The skeletal material used in this project comes from the Tipu collection, which is 

housed at SUNY in Plattsburgh, NY.  The Tipu skeletal collection has an occupational 

history stretching as far back as 300 B.C. The individuals in this study however, are from 

the Colonial period between 1544  and 1707. For this study, 111 individuals were 

selected based on the completeness of the skeletons, presence of associated teeth, and 

completeness of demographic profiles. Fisher’s exact tests were performed to determine 

if there was any statistically significant correlation between the presence of enamel 

hypoplasias and periosteal lesions for the whole sample and for subcategories. 

Subcategories were divided by sex, age, specific long bones, and specific teeth. Several 

hypotheses have been formulated to increase our understanding of the data. 
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 CHAPTER I 

INTRODUCTION 

 

 Human skeletal remains offer important insight into the study of past populations. 

Paleopathological lesions, specifically, provide valuable contributions to our 

understanding of the culture and biology of past peoples (Cohen and Armelagos, 1984; 

Goodman, 1991; Goodman et al., 1988; Jurmain, 1999; Kennedy, 1989; Larson, 1997; 

Ortner, 1992). As defined by Aufderheide and Rodriguez-Martin (1998), paleopathology 

is the study of disease in ancient populations. Understanding the physiological stressors 

experienced by ancient peoples and their physical adaptations to stress is one of the 

primary goals of paleopathology (Goodman et al., 1984). Goodman et al. (1984) put forth 

a model for interpreting stress indicators in paleopathological research in which stress is 

the result of environmental constraints, cultural systems and host resistance. 

Environmental constraints include limited resources, which may vary over time and 

space; cultural systems may buffer the effects of environmental stress or magnify it, and 

host resistance varies by genetic factors, age and sex. In this model, indicators of stress 

come in the form of growth disruption, disease and death and can be general continuous, 

general episodic or disease specific in nature.  

 Initially, the study of paleopathology primarily focused on individual stress 

markers such as Harris lines, cribra orbitalia, enamel hypoplasias, periosteal lesions and 

other indicators of metabolic disturbances. (Aufderheide and Rodriguez-Martin, 1998; 

Novak et al., 2009). However, gradually, this approach gave way to the analysis of a 

combination of two or more indicators of stress which has greatly contributed to our 
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understanding of the biological adaptations and pathological and the effect of subadult 

stressors on the subsequent health during adulthood (Buikstra and Cook, 1980; Cohen 

and Armelagos, 1984; Repetto et al., 1988; Novak et al., 2009).  

 The purpose of this thesis is to determine if there is a significant statistical 

correlation between general episodic growth disruption, in the form of enamel 

hypoplasias, and non-specific episodic disease in the form of periostitis of long bones, 

among the Maya Christian Colonial individuals from the Tipu site in Belize. The Tipu 

skeletal series represents a colonial Christian Maya population that was intermittently in 

contact with the Spanish between 1544 and 1707 (Jones, 1989; Cohen et al., 1997; 

Graham, 2011). The paleopathology of this population has been extensively studied, and 

as a whole, there is little evidence of trauma and a relatively low rate of pathological 

conditions by the standards of colonial or prehistoric Maya groups (Cohen et al., 1994; 

Cohen et al., 1997; Graham, 2011).  However, there has yet to be an attempt to establish a 

relationship between the presence of enamel hypoplasias and periosteal lesions.  

 This study will provide a significant step in understanding how childhood 

stressors affected the overall health of adult individuals among the skeletal sample from 

the Tipu site. Also, since teeth are often the only preserved biological material from 

archaeological populations, this study may provide insight into the health of populations 

represented by limited skeletal remains.   

 To date, the archaeological, ethnohistorical and paleopathological data on the site 

of Tipu is extensive, but far from complete. The Tipu site provides a unique opportunity 

to combine all three approaches to create a detailed reconstruction of life during the 

Spanish Colonial period.  
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 This project was conducted using a biocultural approach to explain the existence 

and frequency of enamel hypoplasias and periosteal lesions. Previous archaeological 

research and historical documents regarding the Tipu site contain a great deal of 

information about the diet and lifestyle of its inhabitants during the colonial period. This 

information will aid in providing an understanding of how social status, diet, demography 

and environment affected the relationship between periosteal lesions and enamel 

hypoplasias among the colonial Christian Maya population at Tipu. This information is 

used to help understand how various stressors experienced during childhood, affected the 

population’s overall health as adults. 
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CHAPTER II 

BACKGROUND 

 

Location  

 The archaeological site of Tipu has an occupational history stretching as far back 

as 300 B.C. and is situated on the western boarder of Belize on the west bank of an elbow 

of the Macal branch of the Belize River (Figure 1)(Graham, 1991; Jacobi, 2000; Jones 

1989).   

 
Figure 1. Location of Tipu in Belize. (Map modified from http://d-maps.com) 
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Under what superficially appears to be nothing more than a gently undulating cattle 

ranch, researchers have recovered a wealth of information that provides insight into the 

Spanish-Maya encounter here. Tipu (Figure 2), now the modern Belizean settlement of 

Negroman, was once a remote, thriving economic center which harbored several Maya 

ethnic groups seeking refuge from increasing Spanish control (Graham, 1991; Jones, 

1989; Jacobi, 2000).  

 

 
Figure 2. Reconstruction of Tipu’s community center. (Painting by Marianna 
Huston. Looks south-southeast.) (Graham, 2008, p. 10) 
 
 
 Historical Spanish documents as well as archaeological excavations at Tipu have 

revealed fluctuations in the degree of Spanish influence from first contact in 1544, until 

conquest in 1707 (Graham et al., 1985). The time between first contact and conquest at 

the settlement of Tipu can be broken down into six periods (Table 1). 
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Table 1. Colonial timeline of Tipu (Graham et al., 1985; Jones, 1989; Jacobi, 2000). 

1544-1568 

 

The Spanish bring Tipu into the southern periphery of their influence and 

established a mission. Tipu began to resemble a small Spanish colonial 

town with Spanish-style structures. 

Prior to 1608 

 

Tipuans’ religious practices included both Maya and Christian 

manifestations, indicating weak Spanish control during this period. 

1608-1622 

 

Tipu region reduced and stronger Spanish presence is indicated by 

artifacts and heightened activities associated with Christian practices, 

and extraction of tribute, including cacao. 

1622-1637 

 

Increased Maya dissatisfaction with the Spaniards. A continued influx of 

refugees from northern Spanish-controlled towns increases the 

population at Tipu and encourages rebellion. 

1637-1695 

 

Rebellion is centered at Tipu and the expulsion of Spanish civil and 

ecclesiastical authorities from all Belize missions lasts until 1695. 

1695-1707 

 

Tipuans contact colonial authorities in Meridia and cooperate with 

Spaniards in conquest of Itza in 1697. In 1707 Spaniards forced removal 

of Tipu community to Petén. 

  

 Tipu is one of the few Maya archaeological sites that document continuous 

occupancy from the Preclassic to the Historic period. However, while this site has a long 

occupational history, the Late Postclassic/Colonial period is the best understood and is 

the focus of this paper. Our current understanding of Colonial Tipu comes from an 
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admixture of ethnohistoric documents, archaeological excavations and paleopathological 

analyses. In order to comprehend the implications of the research conducted on Tipu, it is 

necessary to first break down the findings of each subfield as they relate to Tipu’s history 

and its significance in the Spanish quest to gain political control of Mayan territories.  

 In order to provide the most comprehensive illustration of the previous research 

regarding Tipu and how each field relates to one another, the following sections begin 

with a recount of Tipu’s Spanish Colonial history as reported through ethnohistorical 

documents, followed by the implications of the archaeology, and lastly, the 

paleopathology of the skeletons excavated from the site and what these findings can tell 

us about the physiological stressors encountered by the Tipuans.  

 

Ethnohistory of the Site 

 According to Jones (1989), ethnohistorical documents describe Tipu as having a 

prominent position during the sixteenth and seventeenth centuries in the Spanish plans for 

the conquest of the Petén, an area controlled by the Itza Maya from the capital of Tayasal 

(Figure 3). The Spanish plan to take over the Petén included the gradual erosion of the 

communities on the southern fringes of the Yucatan along the eastern boarder of the Itza 

polity in Belize (Jones, 1989). This step would effectively halt communication as well 

riverine and coastal trade between the Itza and Yucatan. The Spanish later abandoned this 

plan for a direct attack on Tayasal from the North, but maintained their interest in Tipu. 

Since Tipu was centrally located between the Spaniards in the Southern Yucatan and the 

Itza of the Petén, it attracted refugees fleeing harsh Spanish control in the North. Because 

of the influx of individuals from several Maya groups, Tipu’s economic sphere widened 
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with new trade routes, making it important to both the Itza and Spaniards, who both 

sought to gain control of the Southern Maya lowlands (Graham, 1991; Jones, 1989).  

 By 1544 Tipu was one of several visita missions extending south-southwest from 

the villa of Salamanca de Bacalar (Jones and Kautz, 1981a). Tipu was the last in this 

string of visita missions and was approximately 200 kilometers west from Salamanca de 

Bacalar, which served as a Spanish outpost several days outside of Meridia, the seat of 

the Spanish government in Yucatan (see Figure 4). Because Tipu was situated several 

days from Bacalar, it was rarely visited by anyone of importance from the Spanish 

government (Jones, 1989; Jacobi, 2000; Jones and Kautz, 1981a). 

 Despite its remoteness, Tipu was still important to the Spanish, as they believed 

that it served as a buffer between Christianity and the Paganistic beliefs of the Itza Maya, 

just beyond the realm of Spanish control in the Petén region of Guatemala. Tipu was also 

thought of by the Spanish to be a valuable economic resource because of the 

community’s extensive trade routes (Jones, 1989; Jones and Kautz, 1981a). Tipu was the 

closest colonial visita to the Itza ruled the Petén Lakes Region, the heart of Guatemala. 

The Itzas saw Tipu as a cultural, economic and political ally in the struggle against 

colonial expansion. As a result, Tipuans found themselves caught in the middle of a 

struggle for Mayan autonomy and Spanish control (Cohen et al., 1997; Graham et al., 

1985; Graham, 1991; Jacobi, 2000; Jones, 1989; Jones et al., 1986). 
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Figure 3. Map of Yucatan Peninsula. (Modified from 
http://www.latinamericanstudies.org/maya-maps-1.htm) 
 
 
Colonial Timeline of Tipu 
 
 From initial Spanish contact in 1544 until their forced removal in 1707, the Maya 

at Tipu slipped back and forth between Spanish and Maya persuasion (Jones and Kautz, 

1981a). By studying the implications of the ethnographic documentation, Graham et al. 

(1985) has divided the Colonial history of Tipu into six temporal zones from 1544 

through 1707.  

 

Petén 



Texas	  Tech	  University,	  Megan	  Murphy,	  August	  2012	  

	   10	  

1544-1567 

 The first temporal zone dates from 1544 through 1567. During this period, there 

was not a strong Spanish influence, although a Spanish mission was established in Tipu. 

In 1544, the Spanish Pacheco cousins conquered the Maya in the provinces of Chetumal, 

Dzuluinicob and Uaymil in the Yucatan, a victory that included the settlement of Tipu 

(Jacobi, 2000). However, since the newly conquered area was so expansive and sparsely 

populated, the Pachecos’ victory proved to be unpromising in terms of encomendero (a 

specified amount of certain goods or services the Maya were required to pay to their 

conqueres) (Jones and Kautz, 1981a). The encomendero in the case of Tipu and 

surrounding communities would have been paid in cacao and textiles (Jones, 1989).  

Despite the increased demand for cacao and textiles for payment, archaeological evidence 

suggests that the inhabitants of Tipu did not change their agricultural methods in order to 

meet tribute quotas (Jacobi, 2000). Tipuans also did not alter their diet after Spanish 

contact and continued to subsist on the same corn, squash, and array of animals as before 

(Graham et al., 1989) Many of the Maya from other provinces resettled in Tipu at during 

this period since it was the furthest community from the epicenter of Spanish rule, thus 

making it a place of relative Mayan autonomy (Jones, 1989; Graham et al., 1989). It was 

during this temporal zone that the villa of Salamanca de Bacalar was established and a 

Christian chapel was built in Tipu (Jones and Kautz, 1981a,b; Jones et al., 1986; Jones, 

1989; Graham et al., 1989; Cohen et al. 1997).  
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Colonial Tipu Prior to 1608 

 According to Graham et al. (1985), up until 1608 the Tipuans’ religious practices 

included both Maya and Christian rites, indicating weak Spanish control during this 

period. It is noted in historical documents that there were two Spanish entradas led by 

Juan de Garzon from Salamanca de Bacalar during 1568 through 1569 (Jones, 1989; 

Graham, 1991; Restall, 1997). Garzon had been serving at Salamanca de Bacalar since 

the previous year as lieutenant governor. We know from historical documents that the 

events that initiated the entradas indicated a sense of Maya rebellion and uprising. In 

1568, Garzon wrote a petition to the Spanish government stating that: 

 “[A] large quantity of Indians has rebelled and were going about in an 
unruly and excited state, committing idolatry and inflicting much damage 
adjacent to Nueva Salamanca…and placing the Spaniards and other 
persons who live there in much risk and danger, because they carried away 
the servants, killed those whom they could, burned the houses, robbed the 
farms, and other things” (Jones, 1989 p. 47). 

 
In response to the Maya uprising, Garzon set out to raise money and collect troops 

(both native and Spanish) to halt the Indians’ rebellion. After procuring sufficient funding 

and troops, Garzon set out on the first of his two entradas (Jones, 1989; Jacobi, 2000). 

According to (Jacobi, 2000, p. 18), the first entrada was to “prevent exodus and quell 

resistance in the rural areas south of Bacalar”. During the first entrada, Maya temples, 

idols, books and towns were destroyed and many men and women were captured and 

brought back to Bacalar to be baptized and relocated (Jones, 1989; Jacobi, 2000).  

It was not until his second entrada that Garzon and his men reached Tipu. There 

they destroyed idols and burned books. Since Tipu had already been established as a 

Spanish colonial visita and was still practicing pagan rituals, the Spanish viewed this 
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town as “at risk” (Jacobi, 2000, p. 29) and sought to restore their Christian influence. 

Tipu was set up as a base of operations while the Spaniards scoured the region capturing 

everyone until “there was no notice of more people” (Jacobi, 2000 p. 18).  

Despite Garzon’s efforts, the Maya along the Southern fringes of the Yucatan 

peninsula continued to be rebellious and restive. In order to quell Maya contempt, the 

Spanish launched an operation to reduce the number of fugitive Maya and threat to 

Spanish safety by capturing and relocating many individuals. The reduction efforts 

reached Tipu in 1608 and continued in the region for several years as the Spanish began 

to take steps to firm up their control over the region (Jones, 1989). 

 

1608-1622 

 According to Graham et al. (1985), the events that occurred 1608 through 1622 

constituted a period in Tipu that consisted of heightened Spanish control, greater Maya 

participation in Christian practices, and extraction of higher tribute payments. In 1615 

there was another reduction in the community of Tipu which temporarily increased 

tribute revenues for the Spanish. This increase in old practices of exploitation probably 

contributed to the decline in the population of Tipu from 300-500 people in 1618 to only 

about 30 people in 1622 (Cohen et al., 1997). Another contributing force to the major 

population decline was probably another reduction effort that took place in 1622 (Jones, 

1989). It is possible that a census was not taken until the removal of hundreds of Maya 

men and women had taken place (Cohen et al., 1997). 
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1623-1637 

 The period of 1622-1637 saw increased dissatisfaction with the Spaniards and an 

influx of refugees from northern Spanish-controlled towns (Graham et al. 1985). 

Historical documents suggest that during this time, the Maya leaders at Tipu encouraged 

the Maya villagers of Belize to abandon their villages and come join the swelling 

resistance efforts at Tipu (Jones, 1989). The influx of Mayas to Tipu was augmented by a 

four year famine (the result of a locust swarm) that drove many Indians toward the 

Southern fringes of the Yucatan, resulting in massive labor shortages for the Spanish 

living in the north (Jones, 1989). According to Jones (1989), the Maya resistance was 

aimed at protecting Itza autonomy as well as a large area of unconquered rebels in the 

Petén. During this period, the Spanish witnessed a clear decline in the submissiveness of 

the Maya and a renewed contempt for Christian doctrine. Through letters written to 

Meridia from Spanish official at Bacalar de Salamanca, we can see that the Spaniards 

were utterly confused by the actions of the Maya at this time and sensed an uprising, but 

were not prepared for the Maya rebellion that began in 1638. 

  

1638-1694  

From 1638-1694 rebellion centered at Tipu, and the expulsion of Spanish civil 

and ecclesiastical authorities from all Belize missions until took place (Graham et al. 

1985). Officials in the Spanish capital of Meridia refused to provide resources to assist 

their associates in the south since they believed the area to be so poorly governed. For a 

period of about 50 years, the Maya on the southern Yucatan frontier remained largely 
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independent of Spanish political and religious control (Cohen et al., 1997). However, in 

the early 1690’s the Spanish gained a renewed interest in controlling the Tipu region. The 

Maya, feeling the strain of Spanish reprisal against their resistance efforts, contacted the 

Spanish in Meridia and reestablished a period of peace and a reform of Christianity in the 

region (Jones, 1989).  

  

1695-1707 

In 1695 Tipuans agreed to cooperate with Spaniards in the conquest of Itza in 

1697 (Graham et al., 1985; Jones, 1989). This temporal zone is characterized by intensive 

Spanish activity, the adoption of Christianity by most Tipuans and subsequently, the 

demise of Tipu with the forced removal of the community to Petén (Graham et al., 1985; 

Jones, 1989). In 1697, thanks to the efforts of the Tipuans who set the groundwork, the 

Spaniards finally defeated the Itza of the Petén and subsequently lost interest in Tipu. 

Since the Itza had finally been defeated, Tipu was no longer of importance to the Spanish 

who only sought to use the town as a stepping-stone to conquer the rulers of the Petén 

(Jones, 1989). In 1707, the community of Tipu was eventually resettled in the Petén. 

(Jones, 1989).   

 

Archaeology of Tipu 

 In 1978, Grant Jones and David Pendergrast located the probable archaeological 

site of Tipu at Negroman using ethnographic documents that described the location of the 

settlement (Pendergrast et al., 1993; Jacobi, 2000). In 1980-1981, the site at Negroman 

was confirmed as Tipu when Jones and Kautz identified the foundation of the Spanish 
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mission and located the Colonial cemetery (Jones and Kautz, 1991a). From 1984-1987, 

excavations of the cemetery, chapel and surrounding structures were directed by Mark 

Cohen, Elizabeth Graham, and Sharron Bennett (Jacobi, 2000).   

 The archaeological remains suggest that Tipu was likely inhabited continuously 

from the Late Preclassic period (circa 300 B.C.) through the Historic period (Table 2) 

(Cohen et al., 1997; Restall, 1997; Simmons, 1995). The material evidence also coincides 

with the documentation in regards to the importance that the Spanish placed on Tipu. The 

archaeological refuse contains a number of items indicating that Spanish trade occurred 

throughout the Colonial period. In fact, it appears that Tipuans enjoyed privileged access 

to Spanish trade goods, relative to other contemporary sites (Cohen et al., 1997; 

Simmons, 1995). 

 However, the archaeological refuse also indicates that Tipu was involved in 

extensive trade circles with the Itza economic sphere (Jones, 1989). Graham et al. (1989) 

suggest that based on the refuse, it appears that the Spanish actually had little impact on 

the material culture at Tipu. The food refuse from the site indicates continuity in the 

subsistence pattern throughout the Colonial period, despite the demand for high tribute 

payments of cacao crops. 

 According the Graham et al. (1989), the lack of agricultural restructuring to meet 

tribute payments, is likely due to Tipu’s geographic isolation from Spanish forces. 

Tipuans continued to subside on maize, squash and a variety of fauna including fish, 

birds and mammals (Rueben and Hill, 1980).  
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Table 2. Maya chronology for occupation at Tipu (adapted from Graham, 2011, p. 2) 
*Skeletal collection is exclusively from Spanish colonial period 

Period Approximate Calendar Dates 

*Spanish colonial 1544-1708 

Terminal Postclassic/Contact 1450-1544 

Late Postclassic 1350-1450 

Middle Postclassic 1200-1350 

Early Postclassic 1000-1200 

Terminal Classic 800-1000 

Late Classic 600-800 

Middle Classic 450-600 

Early Classic 250-450 

Terminal Preclassic 100 B.C.-A.D. 250 

Late Preclassic 400 B.C.-100 B.C. 

 

Architecture 

 In contrast to the continuity of subsistence patterns at Tipu, there is a distinct 

break in architectural styles. According to Graham (1991), the most substantial 

discontinuity seen in the architectural patterns at Tipu is the shift from structures being 

supported by platforms, to being built directly on the ground or on cobblestones. 

Precolumbian buildings were typically constructed on platforms that could either be 

elaborately terraced structures or low and lined by a single row of stones (Graham, 1991). 

The Maya structures of the Late Postclassic period were more often constructed on low, 

stone lined platforms, although some more elaborate platforms were still occasionally 

built. In both cases, these stylistic platforms tended to be rectangular in shape (Graham, 

1991). Buildings constructed during colonial times lost the regularity seen in 
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Precolumbian construction. Buildings constructed during this period were done so 

without the use of a platform and instead built directly on the ground or on top of 

irregular river rocks and limestone. In some cases, colonial buildings incorporated 

Precolombian structures, and were built atop preexisting platforms (Graham et al., 1985; 

Graham, 1991; Jacobi, 2000; Cecil, 2009). 

 According to Cecil (2009) Tipu was divided into two different spatial zones, 

Complex I and the Christian Church. Complex I (Figure 4) is an assemblage of four 

structures that are characterized as having architecture consistent with the Postclassic 

Maya civic-ceremonial style. 

 This ceremonial style appears at Mayapan in northern Yucatan, Isla Cilvituk in 

Campeche, Cozumel, Tipu, and Topoxte Island, Zacpetan, Ixlu, and Muralla de Leon – 

the eastern portion of the Postclassic Maya territory (Cecil, 2009; Pugh 2001b). 

 

 
Figure 4. Complex I, Tipu, Belize (map drawn by Claude Belanger) (Cecil, 2009, p. 
246) 
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 Structure 1 is an oratorio, a structure used only used by males to rest before an 

important ceremony. Structure 2 is a temple that includes smoke stained walls from 

offerings, a stela, an altar, bench and pedestal. Structure 3 is a rectangular open hall that 

displays a small shrine out front. Structure 4 is a rectangular open house as well (Cecil 

and Pugh, 2004; Cecil, 2009). Both open houses have benches running along the ends 

and back wall. These four structures are united by a common plaza and thusly, according 

to Cecil (2009), come together to form a single complex.  

 The Christian church (Figure 5) is directly to the north of Complex I. The church 

is built in the ramada chapel style, which Andrews (1991) describes as a simple 

rectangular structure with no structural distinction between the nave, where the 

congregation sat, and the altar, where religious services were preformed. It is not entirely 

clear when the church was built and if it was intended specifically for Christian services, 

as the architecture of it appears to be an admixture of Maya and Spanish construction 

(Jacobi, 2000) The walls were constructed of limestone and river stones, held together 

with a mortal material called mamposteria (Jacobi, 2000). The walls at the Tipu chapel 

did not extend all the way to the thatch roof, which is uncommon in the construction of 

most Spanish churches. However, the space between the roof and walls may have been 

designed by the Spanish to create airflow in the muggy climate (Jacobi, 2000). The 

Christian church is one of several structures that were built around what archaeologists 

believe to be a cobblestone-paved courtyard. The church had an earthen floor, which is 

not a traditional Maya architectural pattern. The long, simple rectangular layout of the 

church is not uncommon in Maya architecture, but the earthen floor represents Spanish 

influence during the construction (Graham, 1991; Jacobi, 2000; Restall, 1997). There are 
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several irregular cobblestone paved areas at Tipu that likely represent either rough 

platforms for perishable structures, courtyards in between buildings, or walkways. While 

the exact purpose of the cobblestone pavements is unclear, Graham (1991) considers their 

presence to be another break from traditional Maya settlement patterns. Although the use 

of cobblestone pavement is not a typical Maya implementation, archaeologists cannot say 

definitively that it is a direct result of Spanish influence. The documentary record tells us 

that the Spanish presence was very weak in Tipu during the period in which most of the 

Colonial structures were built. This information does not lend itself to the likelihood that 

the shift in architecture was due to Spanish influence. However, Graham (1991) suggests 

that it is possible that the ethnohistoric evidence is spotty and may not include 

documentation of more frequent visits to Tipu during the early Colonial period. Another 

possible explanation from Graham (1991) regarding the shift in architecture is that by the 

time the Spanish came in contact with Tipu in 1544, the community may have already 

been decimated by European disease. This would cause a break in the communication 

form one generation to the next regarding cultural practices, such as construction 

methods.  
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Figure 5. Church at Tipu. (Jacobi, 2000) 

Artifacts 

 The artifact inventory of Tipu represents facets of culture that were altered and 

others that remained constant during the Colonial period. Representing continuity at the 

site is the ceramic culture, continuous presence of figurines, and lithic technology and 

production. Change in material culture is represented by a lack in obsidian (representing a 

shift in trading spheres) and the addition of a new pottery style to the traditional ceramics, 

and the implementation of Christian-style burials (Graham, 1991). Some Spanish goods 

such as copper needles, buttons, jewelry, majolica plates and olive jars are present, but 

they appear to be utilized in a manner that maintained Maya culture (Cohen et al., 1997; 

Graham 1991).  

 

Continuity 

 According to Graham (1991), the conquest did not have an effect on local pottery 

production at all. While there are some minor changes in forms, Graham (1991) believes 
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that based on what has been observed in earlier times, these changes are not more than 

one would expect to see occur over time without the Spanish invasion. The majolica 

plates and olive jars were only found in association with the church, suggesting that they 

were only used by visiting Spanish priests or Christianized Mayas of status. Cecil (2009) 

has compared the pottery from Tipu with several other types of pottery and has found that 

despite gentle variations in color, shape, and material, the Tipuans created their pottery 

without influence from neither the Spanish styles, nor those of the Itza. 

Graham (1991) has found that the figurines excavated from the site, like the pottery, 

demonstrate continuity with Maya traditions. These figurines, known as “idols” in 

Spanish documents, comprise a large part of the Postclassic and Colonial artifact 

collection. In many cases, the figurines were reused and reconstructed for used from the 

Postclassic, through Historical periods. Most of the “idols” represent an array of animals, 

people, and a mixture of both (Graham, 1991).  

 Throughout the Colonial period, technology at Tipu remained largely the same 

(Graham, 1991; Graham, 2011) Some metal artifacts, such as needles, jewelry, and nails 

were recovered, but they seem have primarily been located in graves, adorning the bodies 

of the interred, or in the case of nails securing a coffin shut (Graham, 1991; Cohen et al., 

1997; Graham, 2011). Despite the fact that the Spaniards carried iron knives, many of 

which were gifted to the Maya in other locations, Tipuans appeared to have only used 

stone tools (Graham, 1991). Chert was the predominant material used to create two types 

of points, arrowheads and pointed bifaces. Other tools consist of informal flakes that 

demonstrate edge wear (Graham 1991).  
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Change 

 The first factor representing cultural shift from Precolumbian times in Tipu is the 

lack of obsidian associated with the Colonial Period (Graham, 1991; Cecil, 2009). 

Graham (1991, p. 342) states that “Hydration dating of obsidian from stratified deposits 

that were also ceramically date suggests that in post-conquest times, trade in the material 

was disrupted and that the Maya of Tipu were forced to recycle implements that they 

found lying about or buried in archaeological deposits.” It is possible that Tipuans were 

formerly able to obtain obsidian via trade routes that became abolished by the Spanish 

conquest.  

 The next change in material culture is the addition of the Yglesias-style pottery to 

the preexistent pottery crafted at Tipu. Yglesias pottery is the style that characterizes the 

Historic period at Lamanai, an archaeological site to the northeast of Tipu in Belize (see 

figure 3). The Yglesias style replaced Tulum style ceramics and is characterized by thin 

walls, crude shapes and a washlike slip (Graham 1991). Unlike at Lamanai, at Tipu, the 

Yglesias-style pottery adds too the local ceramic tradition, rather than replacing it. It is 

likely that the introduction of the Yglesias ceramic culture in Tipu is due to the influx of 

northern Yucatec Maya to the southern frontier in an effort to evade Spanish control 

(Graham, 1991).  

 Another significant break from Precolumbian traditions that we see at Tipu is the 

Christian-style burials associated with the Spanish chapel. The majority of these burials 

were exposed beneath the chapel floor and around the outside of the chapel around the 

north, south and west walls (Figure 6) (Jacobi, 2000). Cohen et al. (1997) has found that 

there are only 270 complete, articulated primary burials and 107 primary articulated 
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burials with some part of the body not associated with the skeleton. This is due to later 

intrusion as another individual was interred in the same location (Cohen et al., 1997; 

Jacobi, 2000). Of the intact, primary burials, 254 are associated with the Spanish chapel 

(Cohen et al., 1997). The remaining few intact, primary burials are associated with Maya 

houses and conform to the flexed Maya-style burial position (Cohen et al., 1997). The 

rest of the individuals from the site are comingled, disarticulated and/or poorly preserved 

(Cohen et al., 1997) Comingling and disarticulation was caused when the graves were 

reopened to be reused (as many as three separate times) for subsequent burials (Cohen et 

al., 1997). With the exception of one old male buried in the flexed position at the church 

and the individuals associated with the Maya houses, the bodies were overwhelmingly 

interred in Christian-style burials, supine, heads oriented towards the west and the arms 

folded across the chest or pelvis (Cohen et al., 1997).  
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Figure 6. Church at Tipu with burials (Danforth et al., 1997).  

  

 It is unclear how long of a time period the Christian church cemetery population 

represents. Some researchers believe the church was only used from 1567 through 1638, 

making the period of interment 71 years (Graham, 1991; Graham et al. 1985, and Jacobi, 

2000). Others believe the burials represent a time span of 163 years, from 1544 to 1707 

(Cohen et al., 1997). From a community that resisted Spanish influence and conquest 

until the very end, it is somewhat peculiar that their burial practices adhered so closely to 

Christian doctrine. 

Osteology of the Tipu Site 

 The paleopathology of the site corroborates with historical documents suggesting 

that Tipu was inhabited solely by Maya and incorporated at least some Christian doctrine 

into their religious practices (Jacobi, 2000; Graham, 2011). However, studies have shown 
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Tipuans to have relatively low frequencies of pathologies despite living on the unstable 

frontier between Itza and Spanish rule (Jacobi, 2000; Cohen et al., 1997). Given the 

political unrest that this community had to contend with, one would expect to see higher 

frequencies of lesions due to trauma and disease.  

 Overall, the skeletal population from Tipu is remarkably well preserved with 

some specimens better preserved than others. However, by the standards of preservation 

in the Maya region, this population has faired quite well (Cohen et al., 1997). Jacobi 

(2000) notes that the teeth are very well preserved. All of the bodies, with the exception 

of the Maya-style burials and one male in a coffin, were interred under burial shrouds and 

lacked grave inclusions. There are very few specimens with filed teeth and none that 

exhibit cranial deformation. Cohen et al. (1997) found no patterns of pathology or 

nutritional stress that would indicate differential socioeconomic status associated with 

burial pattern. The only discernable burial patterns consist of preferential burial of adults 

(particularly males) inside the church and existence of family plots. Cohen et al. (1997) 

found that in the graves containing multiple bodies, the graves were reopened many times 

to inter a body on top of an existing one, rather than the accumulation of bodies being the 

result of a mass grave.  

 

 

Demography 

 Cohen et al. (1997) has been able to identify 173 adult males, 119 adult females, 

47 unsexed adults and 249 children from the Colonial period. According to the skeletal 

record at Tipu, life expectancy from birth is extremely low, ranging from 15-18 years. 
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However, this is likely a sampling error since infant enumeration is probably an 

underestimate. Unbaptized infants were likely to have not been buried in the Christian 

cemetery and thusly altering our perception of life expectancy. It is also possible that, like 

we see in other populations, infant bones do not preserve as well as adults and as a result, 

are not included in the skeletal collection. Life expectancy for individuals reaching 15-18 

years of age, jumps another 10-15 years, but remains low, even in comparison to 

comparable populations (Cohen et al., 1997). Like individuals in the youngest age 

category, individuals in the oldest categories seem to be underrepresented. Only nine 

individuals 45 years or older were recovered, with the oldest reaching 50 years. Cohen et 

al. (1997) surmises that the lack in older individuals is because they were more resistive 

to being Christianized, thusly being buried in a different location away from the church. 

However, given the span of time that the church cemetery was in use, one would still 

expect young converts to have grown old, died and been buried with the others. 

  

Previous Paleopathological Studies on the Tipu Collection 

 Armstrong (1989), found that only 8.7% of the adults displayed signs of trauma 

and only one child. The pattern of the trauma suggests that it was inflicted from domestic 

disputes, rather than from political violence.  Periosteal reactions as the result of infection 

were also comparatively low. Only 22.6 percent of males, 13.8 percent of females and 

2.2% of children displayed periosteal reactions as a result of infection. Cohen et al. 

(1989) has found that low-grade enamel hypoplasias were commonplace, but severe 

hypoplasias were rare. Of the incisors examined for low-grade hypoplasias, 69% of 

incisors displayed at least one and 90.4% of canines displayed low-grade hypoplasias. 



Texas	  Tech	  University,	  Megan	  Murphy,	  August	  2012	  

	   27	  

However, only 2.2% of incisors and 10.3% of canines had at least one severe enamel 

hypoplasia. Danforth (1989) suggests this pattern is indicative of a nutritionally healthy 

or even privileged population. Males did tend to display a higher rate of enamel 

hypoplasias than females and that the majority of enamel defects occurred between the 

ages of 2.5-4.5 years of age. Rates of cribra orbitalia and porotic hyperostosis were also 

somewhat low in comparison with other Maya populations (Cohen et al., 1997). Cohen et 

al. (1997) also found no correlation between the occurrence of cribra orbitalia or porotic 

hyperostosis and the presence of systemic infection denoted by periosteal lesions.  

 The relatively low frequencies of pathologies of this population seem peculiar in 

consideration of the time and place in which this community lived. For a people living on 

a frontier line in times of famine and epidemic disease, one would expect to see many 

more indicators of stress. This situation provides us with dilemma regarding how to 

interpret the health of the colonial Tipu population. The apparent lack of pathologies 

could be inferred as meaning the population enjoyed a high quality of life and did not 

bear the stressors of severe malnutrition and disease. Conversely, we may interpret the 

low frequencies of pathologies to indicate just the opposite. Perhaps the population was 

immunologically and metabolically unfit to survive long enough through bouts of 

malnutrition and disease to incur insult to the skeleton.  

 Currently, we are lacking a sufficient number of analyses dealing with that 

problem. An objective of this thesis is to contribute to our understanding of the 

paleopathology of the Tipu site and the stressors experienced by the community.   
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CHAPTER III 

 MATERIALS AND METHODS 

 

Materials 

 The skeletal remains from the Tipu site are currently housed at SUNY Plattsburgh 

in Plattsburgh, New York. A paleodemographic assessment was made prior to this 

research. Dr.’s Mark N. Cohen, Kathleen O’Connor, Marie Elaine Danforth, Keith P. 

Jacobi and Carl Armstrong were able to identify 173 adult males, 119 adult females, 47 

unsexed adults and 249 juveniles that represent the Colonial period (Cohen et al. 1997). 

Sex identification was performed using cranial and pelvic features and robustity indices. 

Of these 588 individuals, only 547 were preserved well enough to create an age-at-death 

estimation. Juvenile age-at-death estimations are based on tooth development, epiphyseal 

union and diaphyseal length (Cohen et al. 1997). Adult age-at-death estimations are based 

on dental attrition, wear patterns on the auricular surface and the pubic symphysis, 

endocranial and ectocranial suture closure, and the degree of vertebral osteophytes 

(Cohen et al. 1997).  

 

Methods 

Paleopathological Assessment  

 A sample of 111 individuals consisting of 69 adult males, 27 adult females and 15 

juveniles was selected based on the availability of complete demographic profiles, quality 

of preservation, and presence of long bones and associated teeth. Each individual was 

examined for periostitis and enamel hypoplasias prior to examination of their 
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demographic profiles in order to avoid any unintentional bias or assumptions of patterns 

before the data could be thoroughly analyzed.   

 In order to investigate the association between non-specific stress during 

childhood and non-specific stress as an adult, periosteal lesions and enamel hypoplasias 

were chosen. Both pathologies often have an inflammatory or infectious etiology and are 

indicators of physiological stress. (Goodman et al., 1980; Huss-Ashmore et al., 1982; 

Santos and Coimbra, 1999 Dewitte and Bekvalak, 2011). 

 

Periostitis  

 Periostitis results from inflammation caused by infectious activity or direct trauma 

(Figure 7). Periosteal lesions are the result of osteoblastic activity and often occur on long 

bones as a result of abnormal stimuli. Periosteal reactions can be caused by either 

systemic or localized stressors and can be active or closed at the time of death (Mann and 

Hunt, 2005).  

 For every specimen, the long bones were coded with a number 1-12 preceded by 

the skeleton’s accession number. For example, the right radius of MT-215 was recorded 

as MT-215-1. The radii were assigned numbers 1 and 2, ulnae were assigned numbers 3 

and 4, humeri were assigned numbers 5 and 6, fibulae were assigned numbers 7 and 8, 

tibiae were assigned numbers 9 and 10 and femora were assigned numbers 11 and 12. 

The right-side elements were given the odd numbers and the left-side elements were 

listed as the even numbers. If a boney element was not present, it was noted as absent.  

 Examination of periosteal lesions was performed macroscopically under 

incandescent light. Lesions were recorded using the methodology outlined by Buikstra 
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and Ubelaker (1994). Lesions were photographed recorded in terms of each long bone 

affected, location on the bone, and severity. Each lesion was categorized as mild, 

moderate or severe, depending on how much of the bone was affected and the degree of 

remodeling present. Specimens that exhibited no periostitis were recorded as such. If the 

periostitis was localized and clearly the result of a traumatic event it was recorded as 

such. Otherwise, each lesion was considered a non-specific infection.  

 

 
 Figure 7. Periosteal lesion on Left Tibia of MT-410. 

 

Enamel Hypoplasias 

 Enamel hypoplasia is the term applied to a specific defect in tooth enamel 

resulting from a system-wide metabolic stress experienced during childhood when the 

enamel is forming. Enamel hypoplasias appear as horizontal bands on the portion of 

enamel being formed at the time of metabolic stress (Figure 8).  By examining the exact 

location of the enamel defect, it is possible to determine the time in an individual’s early 

life that a stressful event was encountered (Lukacs, 1989; Goodman et al., 1991). Linear 



Texas	  Tech	  University,	  Megan	  Murphy,	  August	  2012	  

	   31	  

enamel hypoplasia is described as a disruption of the smoothness of the enamel, 

characterized by a continuous groove occurring at a certain level between the cervical 

line and the occlusal surface (Goodman et al., 1980; Goodman et al., 1984; Ortner and 

Putschar, 1985; Goodman, 1991; Goodman and Rose, 1990,).   

 This description has been taken as a guide, along with criteria from Aufderheide 

and Rodriguez-Martin (1998) that states that so long as the grooves are of palpable depth 

and the edges are smooth and rounded, investigations consider enamel to have 

hypoplasia. For each individual, an inventory of the teeth was performed. As suggested 

by Buikstra and Ubelaker (1994), a detailed inventory was created by assigning each 

permanent tooth a numerical code, 1-32. The maxillary right third molar was designated 

“1” and the maxillary left third molar was designated “16”, with the teeth in between 

ascending in numerical order from right to left. This pattern was continued on the 

mandibular teeth with the left third molar being “17” and ascending numerically to the 

mandibular right third molar, “32”.  

 Deciduous teeth were recorded in the same manner. Using the same pattern as 

with the permanent dentition, the deciduous teeth were assigned ascending numbers, 51-

70, beginning with the maxillary right second molar (“51”) and ending with the 

mandibular right second molar (“70”). In addition to a numerical inventory, the dentition 

was also recorded directly onto dental charts as well as photographed. 

 After each individual’s dental inventory was conducted, the teeth were examined 

for the presence of linear enamel hypoplasias. Examination of this dental sample was 

done with a hand lens under incandescent light and by feeling the crown for 

incongruences on the enamel. Enamel hypoplasias were recorded in terms of the number 
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of bands on each tooth, how many of an individual’s teeth were affected, distance from 

the defect to the cementoenamel junction and severity. Each hypoplasia was categorized 

as mild, moderate or severe. Since the occlusal surfaces of many of the adult teeth were 

worn, I found it more accurate to measure from the defect to the cementoenamel junction 

to preserve consistency as suggested by Jacobi (2000). 

 

 
Figure 8. Linear enamel hypoplasia 

 
 

Statistical Testing 
 
 Since the sample size is small (n 111), Fisher’s exact tests were performed to 

determine if there is a statistical correlation between the presence of enamel hypoplasias 

and periosteal lesions in subcategories, and as a whole population. Individuals were 

divided into the following subcategories:  
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• Individuals (as a whole, males, and females) exhibiting neither   
  periostitis nor enamel hypoplasias  
 

• Individuals (as a whole, males, and females) exhibiting only enamel  
  hypoplasias 
 

• Individuals (as a whole, males, and females) exhibiting only   
  periostitis 
  

• Individuals (as a whole, males, and females) exhibiting both   
  periostitis and enamel hypoplasias  
 

• Young adults (as a whole, males, and females) exhibiting neither   
  periostitis nor enamel hypoplasias  
 

• Young adults (as a whole, males, and females) exhibiting only   
  enamel hypoplasias  
 

• Young adults (as a whole, males, and females) exhibiting only   
  eriostitis 
 

• Young adults (as a whole, males, and females) exhibiting both   
  periostitis and enamel hypoplasias  
 

• Old adults (as a whole, males, and females) exhibiting neither   
  periostitis nor enamel hypoplasias  
 

• Old adults (as a whole, males, and females) exhibiting only enamel  
  hypoplasias 
 

• Old adults (as a whole, males, and females) exhibiting only    
  periostitis 
  

• Old adults (as a whole, males, and females) exhibiting both    
  periostitis and enamel hypoplasias  
 

• Subadults exhibiting neither periostitis nor enamel hypoplasias 

• Subadults exhibiting only enamel hypoplasias 

• Subadults exhibiting only periostitis  

• Subadults exhibiting both periostitis and enamel hypoplasias 



Texas	  Tech	  University,	  Megan	  Murphy,	  August	  2012	  

	   34	  

• Femora with/without periostitis and presence/absence of enamel   
  hypoplasias on associated teeth 
 

• Tibiae with/without periostitis and presence/absence of enamel   
  hypoplasias on associated teeth 
 

• Fibulae with/without periostitis and presence/absence of enamel   
  hypoplasias on associated teeth 
 

• Humeri with/without periostitis and presence/absence of enamel   
  hypoplasias on associated teeth 
 

• Ulnae with/without periostitis and presence/absence of enamel   
  hypoplasias on associated teeth 
 

• Radii with/without periostitis and presence/absence of enamel   
  hypoplasias on associated teeth 
 
 
 Fisher’s tests were then employed to determine if there are correlations between 

the presence periosteal lesions and enamel hypoplasia in the population as a whole, in 

adults only, in males only, in females only, in juveniles, among age categories and in 

specific long bones and associated teeth.  
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CHAPTER IV 

RESULTS 

  
 Frequencies of Periosteal Lesions 

 The frequencies of periosteal lesions in this subset of the Tipu skeletal collection 

by sex are shown in Table 3. In this population, periosteal reactions of long bones 

occurred in 60 of the 111 (54.05%) individuals sampled.  Forty-three of 69 (62.32%) 

males, 16 of 27 (59.26%) females, and one of 15 (6.67%) juveniles of indeterminate sex 

displayed some reaction to at least one long bone. The most common bones affected were 

the tibiae with 85 of 211 (40.28%) affected. Femora were the second most affected bone 

with 62 of 210 (29.52%) affected, followed by the fibula with 46 of 177 (25.99) affected. 

The long bones of the arm displayed very few periosteal lesions. Only four of 161 

(2.48%) humeri were affected followed by the ulnae with three of 158 (1.90%) showing 

periosteal lesions. None of the 155 radii had periosteal lesions (Table 4). 

 When divided up by age categories the old adults (≥ 30years old) were most 

affected with 20 out of 28 (71.43%) displaying lesions. Young adults (20-29 years old) 

were less affected with 33 of 55 (60%) having lesions and subadults (<20 years old) 

displayed periosteal lesions in seven of 28 (25%) individuals (Table 5).  

 

Table 3. Frequencies of periosteal lesions by sex                  

Sex n # with Periosteal Lesions % with Periosteal Lesions 

Male 69 43 62.32 
Female 27 16 59.26 
Juvenile 15 1 6.67 
Total 111 60 54.05 
Table 4. Frequencies of long bones with and without periosteal lesions.  
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Bone Sex n With Periosteal Lesions Without Periosteal Lesions 
# % # % 

Fe
m

or
a 

Males 129 44 34.11 85 65.89 

Females 53 16 30.19 37 69.81 

Undetermined 28 2 7.14 26 92.86 
Total 210 62 29.52 148 70.48 

Ti
bi

ae
 

Males 128 60 46.88 68 53.13 

Females 53 23 43.40 30 56.60 

Undetermined 30 2 6.67 28 93.33 

Total 211 85 40.28 126 59.72 

Fi
bu

la
e 

Males 105 29 27.62 76 72.38 

Females 46 15 32.61 31 67.39 

Undetermined 26 2 7.69 24 92.31 

Total 177 46 25.99 131 74.01 

H
um

er
i 

Males 98 0 0.00 98 100.00 

Females 40 2 5.00 38 95.00 

Undetermined 23 2 8.70 21 91.30 

Total 161 4 2.48 157 97.52 

U
ln

ae
 

Males 93 3 3.23 90 96.77 

Females 42 0 0.00 42 100.00 

Undetermined 23 0 0.00 23 100.00 

Total 158 3 1.90 155 98.10 

R
ad

ii 

Males 92 0 0.00 92 100.00 

Females 41 0 0.00 41 100.00 

Undetermined 22 0 0.00 22 100.00 
Total 155 0 0.00 155 100.00 
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Table 5. Frequencies of periosteal lesions by age group. 

Age Group n # with Periosteal 
Lesions 

% with Periosteal 
Lesions 

Subadult (≤19.99) 28 7 25.00 
Young Adult (20-29.99) 55 33 70.00 
Old Adult (≥30) 28 20 71.43 
Total 111 60 54.05 

 
 

Frequencies of Enamel Hypoplasias 
 
 Enamel hypoplasias occurred in 45 of 111 (40.54%) individuals in the sample. Of 

the adults, 28 of 69 (40.58%) males, and 12 of 27 (44.44%) females exhibited at least one 

enamel hypoplasia on at least one tooth. Five of 15 (33.33%) juveniles exhibit at least 

one enamel hypoplasia as well (Table 6). 

  The most commonly affected teeth were the canines. Of 127 upper canines, 45 

(35.43%) were affected. Of the lower canines, 45 (37.19%) of 121 were affected. 

Twenty-nine of the 111 individuals examined had at least one enamel hypoplasias on at 

least one upper canine and 26 individuals had enamel hypoplasias on at least one lower 

canine. Incisors were the second most affected teeth. Of 259 upper incisors, 65 (25.10%) 

were affected. Of the lower incisors, 44 of 241 (18.26%) had at least one enamel 

hypoplasias. Twenty-six of the 111 individuals in the sample had enamel hypoplasias on 

at least one upper incisor and 16 had enamel hypoplasias on at least one lower incisor. 

The occurrence of enamel hypoplasias in premolars was lower. Twenty-three of 256 

(8.98%) upper premolars were affected with enamel hypoplasias and 37 of 251 (14.74%) 

lower premolars were affected. Nine of 111 individuals had enamel hypoplasias on at 

least one upper premolar and 17 had enamel hypoplasias on at least one lower premolar. 

Molars were the least commonly affected teeth. Fifteen of 332 (4.52%) upper molars and 
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3 of 334 (0.90%) of lower molars had at least one enamel hypoplasias present. Five of 

111 individuals had enamel hypoplasias on at least one upper molar and two had enamel 

hypoplasias on at least one lower molar (Table 7).  

 When divided into the age categories (subadults, young adults, old adults) young 

adults had the highest percentage of enamel hypoplasias (47.27%), followed by old adults 

(46.43%), then subadults (21.43%) (Table 8). 

 

Table 6. Frequencies of enamel hypoplasias by sex.     

Sex n # with Enamel Hypoplasias % with Enamel Hypoplasias 
Male 69 28 40.58 
Female 27 12 44.44 
Juvenile 15 5 33.33 
Total 111 41 40.54 

 
 
 
Table 7. Frequencies of teeth with and without enamel hypoplasias. 

Tooth Position n 
With Enamel Hypoplasia Without Enamel Hypoplasias 

# % # % 

In
ci

so
rs

 Upper 127 45 35.43 82 64.57 

Lower 121 45 37.19 76 62.81 
Total 248 90 36.29 158 63.71 

C
an

in
es

 Upper 259 65 25.10 194 74.90 

Lower 241 44 18.26 197 81.74 
Total 500 109 21.80 391 78.20 

Pr
em

ol
ar

s Upper 256 23 8.98 233 91.02 

Lower 251 37 14.74 214 85.26 

Total 507 60 11.83 447 88.17 

M
ol

ar
s Upper 332 15 4.52 317 95.48 

Lower 334 3 0.90 331 99.10 
Total 666 18 2.70 648 97.30 
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Table. 8 Frequencies of enamel hypoplasias by age groups. 

Age Group n # with Periosteal 
Lesions 

% with Periosteal 
Lesions 

Subadult (≤19.99) 28 6 21.43 
Young Adult (20-29.99) 55 26 47.27 
Old Adult (≥30) 28 13 46.42 
Total 111 45 40.54 

 
 

Statistical Relationship Between the Pathologies  
 
 In order to determine statistical significance between periosteal lesions on long 

bones and enamel hypoplasias in this subset of the Tipu skeletal collection, Fisher’s exact 

tests were employed with the threshold P value set at 0.05. On a population level, no 

significant statistical correlations could be determined between periosteal lesions and 

enamel hypoplasias (see Table 9), regardless of age or sex (P = 0.3361). When 

reevaluated by comparing the presence or absence of periosteal lesions on specific long 

bones of individuals, regardless of age or sex, to the presence or absence of enamel 

hypoplasias on associated teeth, no statistically significant correlation could be made 

either (Tables 10-15). When divided by sex, males, females and juveniles of 

indeterminate sex exhibited no correlation between the two pathologies (Tables 16-18). 

Dividing individuals into age categories (subadults, ≤19.99; young adults, 20-29.99; old 

adults, ≥30) produced insignificant results as well (Tables 19-21). Only when individual 

long bones were divided by sex did any statistical significance emerge (Tables 22-39). 

Male tibiae with periosteal lesions showed a significant correlation (P= 0.0487) with 

enamel hypoplasias on associated teeth (Table 23). 
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Table 9. Fisher’s exact test for periosteal lesions and enamel hypoplasia for whole 
population. 

  
Individuals with Enamel 

Hypoplasias 
Individuals without 
Enamel Hypoplasias Total 

Individuals with 
Periostitis 33 18 51 

Individuals without 
Periostitis 33 27 60 

Total 66 45 111 
The two-tailed P value equals 0.3361 

 
Table 10. Fisher’s exact test for periosteal lesions on femora and enamel hypoplasias 
on associated teeth. 

 Enamel Hypoplasias No Enamel Hypoplasias Total   
Femora with 
Periostitis 17 18 35 

 
Femora without 
Periostitis 27 48 75 

 
Total 44 66 110  
The two-tailed P value equals 0.2189  

 
Table 11. Fisher’s exact test for periosteal lesions on tibia and enamel hypoplasias 
on associated teeth. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Tibiae with 
Periostitis 25 26 51 

 
Tibiae without 
Periostitis 19 39 58 

 
 Total 44 65 109  
The two-tailed P value equals 0.1173  

 
Table 12. Fisher’s exact test for periosteal lesions on fibulae and enamel hypoplasias 
on associated teeth. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Fibulae with 
Periostitis 17 16 33 

 
Fibulae without 
Periostitis 21 45 66 

 
 Total 38 61 99  
The two-tailed P value equals 0.0794  
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Table 13. Fisher’s exact test for periosteal lesions on humri and enamel hypoplasias 
on associated teeth. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Humeri with 
Periostitis 0 2 2 

 
Humeri without 
Periostitis 36 59 95 

 
 Total 36 61 97  
The two-tailed P value equals 0.55284  

 
Table 14. Fisher’s exact test for periosteal lesions on ulnae and enamel hypoplasias 
on associated teeth. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Unlae with 
Periostitis 1 2 3 

 
Ulnae without 
Periostitis 39 46 85 

 
 Total 40 48 88  
The two-tailed P value equals 1.0000  

 
Table 15. Fisher’s exact test for periosteal lesions on radii and enamel hypoplasias 
on associated teeth. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Radii with 
Periostitis 0 0 0 

 
Radii without 
Periostitis 40 46 86 

 
 Total 40 46 86  
The two-tailed P value equals 1.0000  

 
Table 16. Fisher’s exact test for males with periosteal lesions and enamel 
hypoplasias. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Males with 
Periostitis 19 24 43 

 
Males without 
Periostitis 9 17 26 

 
 Total 28 41 69  
The two-tailed P value equals 0.4608  
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Table 17. Fisher’s exact test for females with periosteal lesions and enamel 
hypoplasias. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Females with 
Periostitis 7 8 16 

 
Females without 
Periostitis 4 8 11 

 
 Total 11 16 27  
The two-tailed P value equals 0.6960  

 
Table 18. Fisher’s exact test for juveniles of indeterminate sex with periosteal lesions 
and enamel hypoplasias. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Juveniles with 
Periostitis 0 1 1 

 
Juveniles without 
Periostitis 4 9 13 

 
 Total 4 10 14  
The two-tailed P value equals 1.0000  

 
Table 19. Fisher’s exact test for subadults (≤ 19.99) with periosteal lesions and 
enamel hypoplasias. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Subadults with 
Periostitis 1 7 8 

 
Subadults without 
Periostitis 6 15 21 

 
 Total 7 22 29  
The two-tailed P value equals 0.6349  

 
Table 20. Fisher’s exact test for young adults (20-29.99) with periosteal lesions and 
enamel hypoplasias. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Young Adults with 
Periostitis 18 15 33 

 
Young Adults 
without Periostitis 8 14 22 

 
 Total 26 29 55  
The two-tailed P value equals 0.2709  
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Table 21. Fisher’s exact test for old adults (≥ 30) with periosteal lesions and enamel 
hypoplasias. 
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Old Adults with 
Periostitis 9 11 20 

 
Old Adults without 
Periostitis 4 4 8 

 
 Total 13 15 28  
The two-tailed P value equals 1.0000  

 
Table 22. Fisher’s exact test for male femora with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Male Femora with 
Periostitis 12 13 25 

 
Male Femora 
without Periostitis 16 28 44 

 
 Total 28 41 69  
The two-tailed P value equals 0.4455  

 
Table 23. Fisher’s exact test for male tibiae with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Male Tibiae with 
Periostitis 19 18 37 

 
Male Tibiae 
without Periostitis 8 22 30 

 
 Total 27 40 67  
The two-tailed P value equals 0.0487  

 
 
Table 24. Fisher’s exact test for male fibulae with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Male Fibulae with 
Periostitis 11 12 23 

 
Male Fibulae 
without Periostitis 12 24 36 

 
 Total 23 36 59  
The two-tailed P value equals 0.2880  
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Table 25. Fisher’s exact test for male humeri with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Male Humeri with 
Periostitis 0 0 0 

 
Male Humeri 
without Periostitis 33 23 56 

 
 Total 33 23 56  
The two-tailed P value equals 1.0000  

 
Table 26. Fisher’s exact test for male ulnae with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Male Ulnae with 
Periostitis 1 2 3 

 
Male Ulnae without 
Periostitis 24 26 50 

 
 Total 25 28 53  
The two-tailed P value equals 1.0000  

 
Table 27. Fisher’s exact test for male radii with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Male Radii with 
Periostitis 0 0 0 

 
Male Radii without 
Periostitis 25 27 52 

 
 Total 25 27 52  
The two-tailed P value equals 1.0000  

 
Table 28. Fisher’s exact test for female femora with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Female Femora 
with Periostitis 5 4 9 

 
Female Femora 
without Periostitis 7 11 18 

 
 Total 12 15 27  
The two-tailed P value equals 0.4479  
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Table 29. Fisher’s exact test for female tibiae with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Female Tibiae with 
Periostitis 6 7 13 

 
Female Tibiae 
without Periostitis 6 8 14 

 
 Total 12 15 27  
The two-tailed P value equals 1.0000  

 
Table 30. Fisher’s exact test for female fibulae with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Female Fibulae 
with Periostitis 6 3 9 

 
Female Fibulae 
without Periostitis 4 12 16 

 
 Total 10 15 25  
The two-tailed P value equals 0.0872  

 
Table 31. Fisher’s exact test for female humeri with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Female Humeri 
with Periostitis 0 1 1 

 
Female Humeri 
without Periostitis 9 12 21 

 
 Total 9 13 22  
The two-tailed P value equals 1.0000  

 
Table 32. Fisher’s exact test for female ulnae with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Female Ulnae with 
Periostitis 0 0 0 

 
Female Ulnae 
without Periostitis 11 11 22 

 
 Total 11 11 22  
The two-tailed P value equals 1.0000  
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Table 33. Fisher’s exact test for female radii with periosteal lesions and enamel 
hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
Female Radii with 
Periostitis 0 0 0 

 
Female Radii 
without Periostitis 11 10 21 

 
 Total 22 10 21  
The two-tailed P value equals 1.0000  

 
Table 34. Fisher’s exact test for juveniles of indeterminate sex with periosteal lesions 
on the femora and enamel hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Undetermined 
Femora with 
Periostitis 

0 1 1 
 

Undetermined 
Femora without 
Periostitis 

4 9 13 
 

 Total 4 10 14  
The two-tailed P value equals 1.0000  

 
Table 35. Fisher’s exact test for juveniles of indeterminate sex with periosteal lesions 
on the tibiae and enamel hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Undetermined 
Tibiae with 
Periostitis 

0 1 1 
 

Undetermined 
Tibiae without 
Periostitis 

5 9 14 
 

 Total 5 10 15  
The two-tailed P value equals 1.0000  

 
Table 36. Fisher’s exact test for juveniles of indeterminate sex with periosteal lesions 
on the fibulae and enamel hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Undetermined Fibulae 
with Periostitis 0 1 1 

 
Undetermined Fibulae 
without Periostitis 5 9 14 

 
 Total 5 10 15  
The two-tailed P value equals 1.0000  
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Table 37. Fisher’s exact test for juveniles of indeterminate sex with periosteal lesions 
on the humeri and enamel hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Undetermined 
Humeri with 
Periostitis 

0 1 1 
 

Undetermined 
Humeri without 
Periostitis 

4 9 13 
 

 Total 4 10 14  
The two-tailed P value equals 1.0000  

 
Table 38. Fisher’s exact test juveniles of indeterminate sex with periosteal lesions on 
the ulnae and enamel hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Undetermined 
Ulnae with 
Periostitis 

0 0 0 
 

Undetermined 
Ulnae without 
Periostitis 

4 9 13 
 

 Total 4 4 13  
The two-tailed P value equals 1.0000  

 
Table 39. Fisher’s exact test for juveniles of indeterminate sex with periosteal lesions 
on the radii and enamel hypoplasias on associated teeth.  
  Enamel Hypoplasias No Enamel Hypoplasias Total   
 Undetermined 
Radii with 
Periostitis 

0 0 0 
 

Undetermined Radii 
without Periostitis 4 9 13 

 
 Total 4 9 13  
The two-tailed P value equals 1.0000  

 

Results of Statistical Analysis by Sex 

 Of the 69 males, 19 (27.54%) displayed at least one enamel hypoplasia as well as 

periosteal lesions, nine (13.04%) displayed at least enamel hypoplasia, but no periosteal 

lesions, 24 (34.78%) displayed periostitis, but no enamel hypoplasias, and 17 (24.64%) 
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had no periosteal lesions or enamel hypoplasias. Without regard for age or specific long 

bone, no significant statistical correlation existed among periosteal lesions and enamel 

hypoplasias among males (Table 40). However, when broken down by type of long bone, 

a significant correlation was found between with periosteal lesions on the tibiae of males 

and the presence of enamel hypoplasias on associated teeth (P = 0.0487) (see Table 17). 

 Of the 27 females, eight (29.63%) exhibited both enamel hypoplasia and 

periosteal lesions, three (11.11%) displayed enamel hypoplasia but no periosteal lesions, 

eight (29.63%) had periostitis but no enamel hypoplasia, and eight (29.63%) had neither 

enamel hypoplasia, nor periosteal lesions. No significant statistical correlation existed 

between females with at least one periosteal lesion among all long bones and at least one 

enamel hypoplasia (Table 41). When broken down by long bone categories, no 

significant correlation could be determined between periosteal lesions and enamel 

hypoplasias either. 

 No juveniles of unknown sex exhibited both enamel hypoplasia and periosteal 

lesions, five (33.33%) had enamel hypoplasias, but no periosteal lesions, one (6.66%) had 

periostitis but no enamel hypoplasias and nine (60%) had neither periosteal lesions, nor 

enamel hypoplasias. No significant statistical correlation existed between juveniles with 

at least one periosteal lesion among all long bones and at least on enamel hypoplasia 

(Table 43). When broken down by long bone categories, no significant correlation could 

be determined either. 

 Males and females did not differ significantly in their frequencies of individuals 

with both pathologies. In this sample, the three-way interaction between sex, the presence 

of at least one periosteal lesion on at least one long bone and one or more enamel 
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hypoplasias, according to Fisher’s exact tests, is not significant. The three-way 

interaction between age, periosteal lesions and enamel hypoplasias yielded insignificant 

results as well. Also, no statistically significant correlation existed between systemic 

periostitis (seen in individuals with two or more affected bones) and enamel hypoplasias.  

 

Table 40. Fisher’s exact test for males with periosteal lesions and enamel 
hypoplasias. 

 
Males with Enamel 

Hypoplasias 
Males without Enamel 

Hypoplasias Total 

Males with Periosteal 
Lesions 19  24 43 

Males without Periosteal 
Lesions 9 17 26 

Total 28 41 69 
The two-tailed P value equals 0.4608 
 
 
Table 41. Fisher’s exact test for females with periosteal lesions and enamel 
hypoplasias. 

 
Females with Enamel 

Hypoplasias 
Females without Enamel 

Hypoplasias Total 

Females with Periosteal 
Lesions 8 8 16 

Females without 
Periosteal Lesions 3 8 11 

Total 12 15 27 
The two-tailed P value equals 0.4267 
 
Table 42. Fisher’s exact test for juveniles with periosteal lesions and enamel 
hypoplasias. 

 
Juveniles with Enamel 

Hypoplasias 
Juveniles without 

Enamel Hypoplasias Total 

Juveniles with Periosteal 
Lesions 0 1 1 

Juveniles without 
Periosteal Lesions 5 9 14 

Total 5 10 15 
The two-tailed P value equals 1.0000 
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CHAPTER V 
 

DISCUSSION 

 

 The results of these analyses reveal that among the Tipu skeletal samples, the 

relationship between enamel hypoplasias and periosteal lesions does not bear statistical 

significance. The sole exception to this pattern is the relationship between the frequency 

of enamel hypoplasias and the presences of periostitis on the tibiae of adult males which 

is likely due to sampling error. These results are not unexpected, given that DeWitte and 

Bekvalac (2011) revealed similar findings in a study assessing the correlation between 

periodontal disease and periostitis in the St. Mary Graces Cemetery skeletal sample. It 

appears then, that childhood physiological stress caused by malnutrition or disease that 

was severe enough to result in enamel hypoplasias does not significantly predict the 

occurrence of periosteal lesions in adults. However, several studies (Moore et al., 1975; 

White, 1978; Armelagos and Lallo, 1978; Rose et all., 1978; Cook and Buikstra, 1979; 

Goodman et al., 1984; Goodman and Armelagos, 1988) have linked the presence of 

enamel hypoplasias with decreased life expectancy. Goodman and Armelagos (1988) 

propose three processes to account for this association.  

  First, the data may suggest a differential pattern among individuals’ susceptibility 

to physiological stress. Essentially, an increased susceptibility to stress may result in both 

a higher frequency of hypoplasias and an earlier age at death due to a “weaker 

constitution” (Goodman and Armelagos, 1988, p 941). Second, Goodman and Armelagos 

(1988) hypothesize that individuals who survived a period of severe stress during 

childhood become less able to respond to other stresses later in life and are “biologically 
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damaged” (Goodman and Armelagos, 1988, p. 941). Studies by Chandra (1978) and 

Miler (1982) also propose that suboptimal childhood nutrition is a mechanism for 

reduced immune function later in life. 

  Lastly, Goodmann and Armelagos (1988) suggest that the link between enamel 

hypoplasias and decreased life expectancy results from culturally based exposure to 

stressors. For example, it is possible that an individual’s social conditions will not change 

from childhood through adulthood. Thus, the same stressors that result in the formation 

of enamel hypoplasias remain constant throughout an individual’s life and result in a 

decreased life expectancy. Barker and Osmond (1986a) have shown an association 

between poor nutrition as a child and increased rates of bronchitis and coronary disease 

as an adult. They suggest that this association is primarily due to the social conditions in 

which children are born into and remain in as an adult.  

 In addition to decreased life expectancy, one would expect to see higher 

frequencies of various lesions, including periosteal lesions, in individuals who have an 

increased susceptibility to physiological stressors because of a “weaker constitution”, 

becoming “biologically damaged”, or enduring a life of poor social conditions. Several 

studies (Stuart-Macadam, 1985; Facchini et al., 2004; Obertová and Thurzo, 2007) have 

determined a significant correlation between cribra orbitalia and enamel hypoplasias. 

Cribra orbitalia, like periostitis, is generally considered to be an indicator of physiological 

stress caused by inadequate diet, parasitism and infectious disease (Lallo et al., 1977; 

Huss-Ashmore et al., 1982; Martin et al., 1985; Mittler and Van Gerven, 1994; Novak et 

al., 2009). In addition to being positively correlated with enamel hypoplasia, several 

studies (Mensforth et al., 1978; Larsen and Hutchinson, 1992; Novak, 2009) have found a 
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significant positive correlation between cribra orbitalia and periosteal lesions. Given this 

information, we are left to wonder why no significant positive association has yet been 

determined between enamel hypoplasias and periosteal lesions. At least three hypotheses 

can be argued to explain the absence of correlation between the two pathologies. Before 

delving into the hypothetical processes that may prohibit this correlation from being 

made, we must look at some factors that set the Tipu skeletal population apart.  

 The first is that the skeletons that make up this collection have very few 

pathologic lesions compared to other Maya populations (Danforth et al., 1985a; Danforth, 

1989; Armstrong, 1989; Cohen et al., 1989; Cohen et al., 1997). Since these were a 

people living on a frontier line in times of war, famine and disease, one would expect to 

see higher rates of lesions indicating malnutrition and illness. It is possible that Tipu was 

not exposed to the first contact epidemics since the Spanish had yet to reach the 

community. However, according to the archaeological record, the Maya at Tipu did not 

alter their agricultural practices after Spanish contact and continued to subsist on the 

same diet of corn, squash, and small animals as the pre-colonial Maya (Jacobi, 2000). 

Even if the Tipuans managed to escape the first wave of epidemic disease, one would still 

expect to see a similar rate of skeletal pathologies as other spatially and temporally 

similar Maya groups based on subsistence patterns. 

  Since Tipu was centrally located between the Spaniards in the Southern Yucatan 

and the Itza of the Petén, it attracted refugees fleeing harsh Spanish control in the North. 

Because of the influx of individuals from several Maya groups, Tipu’s economic sphere 

widened with new trade routes, making it important to both the Itza and Spaniards, who 

both sought to gain control of the Southern Maya lowlands (Graham, 1991; Jones, 1989) 
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It is possible that since two powers (the Spanish and Itza Maya) were vying for control of 

Tipu, the community benefitted from this increased attention. Tipu thus became a 

privileged community, and remained healthier than other contemporaneous populations. 

While this may explain the paucity of pathological lesions due to malnutrition or disease 

it does not explain Armstrong’s (1989) findings that identifiable trauma rates were low as 

well. The trauma that was present appeared to be random and domestic in nature (Cohen 

et al., 1997), and did not match the patterns expected among a rebellious frontier 

community living in a time when violent encounters with the Spanish were frequent 

(Jones et al., 1989). 

 Another component that sets the Tipu collection apart from others is the apparent 

underrepresentation of infants and old individuals (Cohen et al., 1997).  The 

underrepresentation of infants may reflect poor preservation of the very young, as is 

common to archaeological sites. Since Tipu was a visita that was infrequently visited by 

Spanish priests, unbaptized infants might have also been buried at a location away from 

the church. Likewise, old individuals who did not convert to Christianity were likely 

buried at a separate location (Jones, 1989; Cohen, 1997). Given the 70-160 year span 

during which the cemetery was used, however, one would expect young converts to grow 

old and be buried at the church (Cohen et al., 1997). Based on the available material, 

Cohen et al. (1997) estimate the life expectancy at birth for the population to be 15 years. 

However, Cohen (1997) estimates life expectancy after one year of age to be 18 years. 

This figure is low even for comparable Maya skeletal samples (Lovejoy et al., 1977; 

Cohen and Armelagos, 1984; Cohen, 1989; Cohen et al., 1997). However, for those who 

reached age 15, life expectancy was between 25-30 years. This figure is still low when 
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compared to other Maya populations aged by the same methods as those used in the Tipu 

collection (Cohen et al., 1997).  

 Since the Tipu skeletal collection is unique among comparable Mayan 

populations in these factors, the hypotheses developed to explain the absence of a 

significant correlation between enamel hypoplasias and periosteal lesions are geared 

specifically to this population.  

 

Hypothesis I 

 The first proposition is founded on the same principles as seen in “The 

Osteological Paradox” by Wood et al. (1992). Rather than inferring the lack of traumatic 

and pathological lesions as an indicator of high quality of life among the population, 

perhaps just the opposite is more accurate. Given the turbulent nature of the political 

environment surrounding colonial Tipu, it might be more parsimonious to interpret the 

infrequency of pathological lesions as denoting the population to be unhealthy, like we 

would expect, rather than developing scenarios to account for the surprising lack of 

skeletal lesions. So conceivably, the nominalized boney lesions due to physiological 

stressors and reduced life expectancy of the Tipuans indicate that death was often the 

case before the skeleton could incur pathological insult. In accordance with this 

hypothesis, it is reasonable to assume that the age distribution of the individuals buried in 

the church cemetery inaccurately represents the demographic of the population. Since 

infants and the elderly are more susceptible to disease (Castle, 2000) it is likely that they 

succumbed to an early death, had not been baptized, and were buried away from the 

church cemetery.  
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 This scenario easily accounts for the low frequencies of trauma among the 

skeletons as well, in that those who were physiologically healthy enough to fight in 

battles with the Spanish did so and were consequently either killed off site or imprisoned 

as slaves elsewhere. Ethnohistorical documents (Jones, 1989, Graham et al., 1985, Cohen 

et al., 1997) suggest that several battles were held away from Tipu. If those who were 

healthy enough to fight left the community, only those who were unhealthy would have 

remained to be buried in the cemetery. Another contributing factor was the Spanish 

demand for tribute payments. Each time the Spanish demanded higher tributes (in the 

form of cacao and textiles), many Tipuans fled the community to avoid exploitation 

(Jones, 1989). Also, since the community of Tipu experienced extended periods of 

nonviolence between battles, it is possible that the individuals interred at the cemetery 

were not involved in violent encounters with the Spanish during their lifespans. It is 

through these processes that one can account for the lack of traumatic lesions among the 

skeletal population, and infer that those who were interred in the cemetery were too 

unhealthy to fight or to escape exploitation by the Spanish.  

 In this scenario, the apparent lack of correlation between enamel hypoplasias and 

periosteal lesions may reflect a population that was not immunologically capable of 

surviving an illness long enough to register on the skeleton in the form of periosteal 

lesions. So, had the individuals that comprise this subset been healthy enough to live 

through bouts of systemic disease, perhaps we would see more periosteal lesions and a 

significant correlation between those lesions and enamel hypoplasias.  
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Hypothesis II 

 The second hypothesis to account for the absence of correlation between the two 

pathologies is the opposite of the first. Perhaps the population truly was as healthy as they 

appear. It is possible that there is no significant correlation between periosteal lesions and 

enamel hypoplasias because the population was healthy, despite the political atmosphere 

in which they lived. Danforth et al. (1997) suggest it is likely that the Maya at Tipu had 

greater access to protein sources (chicken, pork and eggs) than they did pre-contact. The 

addition of extra protein in addition to the traditional subsistence pattern of corn, squash 

and small animals (Jacobi, 2000) would likely alleviate many of the metabolic stressors 

caused by a suboptimal diet, leading to fewer formations of enamel hypoplasias due to 

malnutrition and increased immune function. Also, according to some paleopathologists 

(Larsen, 1997; Powell, 1991) a low protein diet would result in a high rate of periostitis. 

The addition of protein into the Tipuan diet may have lessened the frequencies of both 

enamel hypoplasias and periosteal lesions. Danforth et al. (1997, p. 20) interpret the 

osteological data from Tipu to suggest “that is was a community successfully coping with 

it’s environment” and that “[a]lthough the devastating effects of European contact are 

well documented in other populations, the individuals buried in the Tipu cemetery appear 

to have been spared”. As noted by Farris (1989), the Maya’s long history of foreign 

invasion has shaped their culture to be one that is sufficiently flexible to adapt to change.  

 

Hypothesis III 

 My third and final hypothesis to explain the lack of correlation between periosteal 

lesions and enamel hypoplasias is founded in bone biology. Throughout life, 
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physiological remodeling, removal and placement of bone occurs without affecting the 

shape of the bone, unless of course a stimulus occurs to alter this pattern (Buckwater et 

al., 2009). Remodeling occurs through a sequence of events that include osteoclast 

activation, resorption of bone, osteoblast activation, and formation of new bone at the site 

of resorption. Periosteal lesions are the result of osteoblastic activity and often occur on 

long bones as a result of abnormal stimuli (Aufderheide and Rodriguez-Martin, 1998). As 

a reaction to stimuli such as trauma or disease, osteoblastic activity increases, forming 

multiple layers of new bone underneath the portion of affected periosteum. Periosteal 

lesions can be scored as either active or healed. Healed periosteal lesions appear 

smoother than active lesions as a consequence of the ongoing cycle of bone remodeling. 

This is because healed lesions have been exposed to osteoclastic activity and resorption 

longer. Subsequently, a very well healed periosteal lesion might have undergone so much 

resorption, that it is no longer visible to the naked eye (Buckwalter et al., 1996, Arey, 

1965). Dental enamel hypoplasias, on the other hand, represent a permanent 

chronological record of a physiological stressful event during early childhood (Lewis and 

Roberts, 1997; Goodman and Rose, 1990; Goodman et al., 1984; Kreshover, 1960; Seow, 

1992).  

 Since some individuals may have incurred periosteal lesions that have healed to 

the point of invisibility to the naked eye, the frequency of periosteal episodes is likely 

under represented in this population as well as in others, therefore, creating an absence of 

significant correlation with enamel hypoplasias.  

 Whether the Tipu skeletal series represents a population that is healthy in 

comparison to contemporaneous populations, or if it represents a population that was 
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unhealthy, as we would expect, it is obvious that many factors must be taken into 

consideration when doing statistical comparisons of physiological skeletal stress markers. 

As is the case with many archaeological collections, the Tipu skeletons are shrouded in 

mystery that makes even the most straight-forward results problematic to interpret.  
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CHAPTER VI 

CONCLUSION 

 

 The purpose of this project has been to examine the relationship between enamel 

hypoplasias and periosteal lesions among a Colonial population from Tipu, Belize. This 

examination has been done through the macroscopic examination of the lesions, 

statistical testing, and interpretation of the data utilizing what is known about the 

ethnohistory, archaeology and paleopathology of archaeological site of Tipu, Belize. The 

lack of a statistically significant correlation between the two pathologies suggests that 

episodes of metabolic stress that were severe enough to result in enamel hypoplasias 

during childhood, did not affect the frequencies of non-specific periosteal lesions 

incurred as an adult among colonial Tipuans.  

 While these results are not altogether surprising given that previous studies 

(DeWitte and Bekvalac, 2011) have yielded similar conclusions, the data shown in this 

thesis presents us with the problem of understanding why these two pathologies have 

virtually no significant correlation. Given that several studies (Chandra, 1978; Miler, 

1982; Barker and Osmond, 1986a) have proposed a link between periods of metabolic 

stress during childhood and compromised immune function as an adult, one might expect 

to see a correlation between enamel hypoplasias and periosteal lesions caused by non-

specific disease in skeletal populations. 

  In order to better understand the implications of the data generated by this 

project, three hypotheses have been provided to explain this lack of significant 
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correlation between enamel hypoplasias and periosteal lesions specific to the Tipu 

skeletal series.  

 The first (Hypothesis I) is rooted in the same principle as Wood et al.’s, 

Osteological Paradox. Wood et al., (1992) challenged the notion that better health makes 

for better skeletons by suggesting that individuals with fewer paleopathological lesions 

were perhaps more frail than those who were hearty enough to live through periods of 

physiological stress and acquire skeletal indicators of malnutrition and disease. As was 

discussed earlier in this paper, the Tipu skeletal population has very few lesions relative 

to contemporaneous populations. Hypothesis I suggests that a correlation between enamel 

hypoplasias and periosteal lesions is unlikely to exist since many individuals in the 

community might have not been immunologically fit to survive long enough to develop 

lesions. Despite the archaeological evidence that suggests that Tipu was likely a well-

nourished and possibly even privileged community (Graham, 2011), historical data 

indicates that acute epidemics of infectious disease took a heavy toll on its inhabitants 

(Jones, 1989; Cohen et al., 1994). This explanation places more emphasis on the data 

from historical documents suggesting that life at Tipu was blighted by the introduction to 

European disease and Spanish violence.  

 Hypothesis II is a different approach from the first hypothesis in that more 

emphasis is placed on the archaeological data from the site, rather than historical 

documents. Within the framework of this hypothesis, the insignificant correlation 

 between enamel hypoplasias and periosteal lesions can be also be attributed to the 

relatively low frequencies of both lesions, but in a different context. Rather than 

suggesting that the population was unfit for survival and lesion acquisition, another 
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possibility is that the Tipuans were actually quite hearty and able to overcome waves of 

epidemic disease. Hypothesis II focuses more on the archaeological record, which 

indicates that Tipuans were a privileged people who enjoyed better nutrition and access 

to Spanish goods than did contemporaneous populations during that Colonial period 

(Graham, 2011).  

 The final hypothesis to explain the statistically insignificant correlation between 

the two pathologies is based solely in bone biology. Essentially, since healed periosteal 

lesions often become invisible to the naked eye through the process of bone remodeling, 

it is likely that many of the lesions in question were not observable through macroscopic 

examination, thus, a significant correlation could not be with enamel hypoplasias. Since 

enamel does not undergo the remodeling process, hypoplasias become permanent 

markers of periods of metabolic stress in early childhood.  

 By incorporating information from previous paleopathological studies, 

ethnohistorical accounts and archaeological data, possible explanations have been 

provided to interpret the implications of the data produced by this study.  

Although it is not always easy to cross-examine anthropological subfields to compare 

data, doing so provides a biocultural dimension and forces us to examine the impact that 

living conditions and culture had on the skeletons of past peoples. Coinciding data from 

different fields of study helps to reinforce and add to what we know about Tipu’s colonial 

past. In finding data sets that coincide, we gain a multidimensional perspective that 

inspires more questions. Disparity between the findings of different disciplines is 

productive in another sense. It forces us to reevaluate the structural framework 

influencing our interpretations of what we already know and also ask more questions. 
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Questions stimulated by intersecting data planes and disparities between them eventually 

yields more answers, adding to our understanding of past events.   

 

Future Research 

 In terms of paleopathological analysis, there is still much to be done concerning 

the archaeological site of Tipu, Belize. In order to better understand the relationship 

between childhood and adult stressors at Tipu, this study should be duplicated and 

include the entire Tipu skeletal series. If the same correlation exists between periosteal 

lesions of male tibia and enamel hypoplasias on associated teeth, the pattern can be 

addressed and possibly provide more insight into Colonial life at Tipu. Additionally, 

since Tipu was inhabited continually, from approximately 300 B.C. through 1707 A.D., 

more archaeological excavations are needed to better understand the processes of change 

and continuity at the site before and during European contact.   

 Currently, there is no unified framework for paleopathological analyses 

concerning the Colonial Maya region. This is a pressing need for such a framework in 

order to better compare and contrast skeletal populations so that a broader picture of 

health may be gleaned from the Maya Colonial period. Although speculations have been 

made, little is known about the interaction of culture and biology during this pivotal time 

in Maya history.  
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