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The growth and development trajectory of an individual is a direct reflection of 

his/her stress load. At the population level, patterns of stress load have been used to 

assess the overall well-being of a group. Childhood stress, reflected by morbidity and 

mortality, is particularly useful in understanding how well a population is adapted to their 

environment. Interaction between environmental perturbations (various stressors) and 

host response may result in a number of skeletal defects which can serve as indicators of 

stress events during the course of an individual’s life. In this study, linear enamel 

hypoplasia (LEH) and porotic hyperostosis are selected as stress indicators used to assess 

the health status of a skeletal population from Iron Age Taiwan. The distribution of stress 

markers by age and sex is here interpreted in biocultural context. Potential insults that 

induce stress are addressed with respect to how the population interacts with its 

environment and its overall biocultural milieu. 
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 The Shih-San-Hang (SSH) site dates to 2,000 to 500 years B.P. The site is 

characteristic for its locally innovative iron-smelting tradition and iron craftsmanship. 

The skeletons of 306 recovered individuals from SSH are analyzed in this study. Basic 

demographic information and scored pathologies are used to assess prevalence and 

timing of LEH and porotic hyperostosis by sex and age.  

Results suggest that the SSH people had a fairly stressful childhood based on 

incidence of LEH. The peak age of LEH formation occurs between 2 to 5 years. 

Weaning-related stressors, such as contaminated food and water, prolonged 

breast-feeding, and low quality weaning diet, are all possible causes for the LEH 

observed. Females are more stressed than males, as indicated by significantly higher LEH 

prevalence and greater average LEH counts, and age of peak LEH formation occurs later 

in females than males. These two observations may reflect cultural conceptions and bias 

by sex suggesting male preference and/or differential weaning practice. LEH is more 

common among subadults and young adults which is indicative of higher morbidity due 

to an impaired immune system during early childhood. 

Prevalence of porotic hyperostosis, an indicator of iron-deficiency anemia, suggests 

greater impact of the condition among individuals in late subadulthood and early 

adulthood. Both sexes are similarly at risk in suffering from anemic stress. Parasitic 

infection due to marine-oriented subsistence and/or poor hygiene are possible etiologies. 

The occurrence of LEH and porotic hyperostosis does not overlap by age, which suggests 

that the two markers are independent of one another. Overall, the SSH inhabitants had 

stressful childhoods, however, once individuals reached adulthood their health status 

improved.
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CHAPTER 1 
INTRODUCTION 

The growth and development trajectory of an individual is a direct reflection of 

his/her stress load. At the population level, stress load patterns have been used to assess 

the overall well-being of a group. Stress in this study is defined as “the physiological 

disruption of an organism resulting from environmental perturbation” (Huss-Ashmore et 

al., 1982: 396). Thus, severity of a skeletal insult or defect is a result of the interaction 

between relative rates of environmental stressors and host response (Goodman et al., 

1988). Inferring health and disease in prehistoric populations can be determined by 

analysis of skeletal defects, which in turn helps to reconstruct quality of past living 

conditions. Human skeletal remains recovered from archaeological sites may preserve 

evidence of stress markers that are invaluable to assess the adaptive milieu in biological 

and biocultural context (Skinner and Goodman, 1992). Childhood morbidity and 

mortality are two good proxies of a population’s adaptiveness to its physical and cultural 

environment (Alesan et al., 1999; Goodman and Armelagos, 1989). High childhood 

morbidity and mortality not only signify poor living conditions, including nutritional and 

physical stress, but also suggest the lack of an effective cultural buffering system in 

coping with the harsh condition of childhood (Goodman and Armelagos, 1989).  

Many skeletal markers are recognized as indicators of specific stress, such as 

porotic hyperostosis and treponematosis, and non-specific stress, including enamel 

hypoplasia and Harris lines. Prevalence of these indicators in a population can lead to 

better understanding their well-being. However, caution should be used when interpreting 
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skeletal lesions since demographic nonstationary, selective mortality, and hidden 

heterogeneity in risk (differential frailty) may have effects on the distribution of 

pathologies (Wood et al., 1992).  

Research Goal 

The goal of this study is to assess stress patterns of early childhood in Iron Age 

Taiwan. A biocultural approach following Goodman and colleagues (Goodman and 

Armelagos, 1989; Goodman et al., 1988) is adopted to facilitate the interpretation of 

observed results in broader cultural context. The distribution of stress patterns by age and 

sex permits salient issues to be addressed. For example, what are the effects of 

environmental stressors on skeletal remains, how a population interacts with their 

immediate surroundings, and how well people adapt. Furthermore, the relationship 

between different pathologies and its implications is also interpreted. 

Site Studied 

Human skeletal remains recovered from Shih-san-hang, an Iron Age site in Taiwan, 

are utilized in this study. Shih-san-hang (hereafter, SSH) is a coastal site that was 

occupied between 2000-500 years B.P. The site is most noted for its massive amount of 

iron slag remains, iron smelting technology and iron artifacts. It is one of the earliest Iron 

Age sites known and is recognized as the Iron Age “type site” in Taiwan. The quantity 

and quality of human skeletal remains recovered from the site make it an appropriate 

assemblage for conducting population-based stress-related research in prehistoric 

Taiwan. Further, the SSH sample permits assessment of how well a population with 

advanced metallurgy adapted to its environment, and what cultural behaviors may have 

contributed to environmental and physiological stressors.  
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Stress Indicators 

Two stress indicators, linear enamel hypoplasia (hereafter, LEH) and porotic 

hyperostosis are chosen for the purpose of this study. These two pathologies are well 

established in bioarchaeological studies of growth and development, and general health 

assessments of prehistoric populations (Blom et al., in press; Domett, 2001; Douglas, 

1996; Keenleyside, 1994; Larsen, 1997; 2001; Powell, 1988; Slaus, 2000; Stodder, 1997; 

Wright, 1994). LEH is a result of a disturbance during the deposition of enamel matrix 

whereby normal ameloblast activity is affected and reduced thickness of enamel results 

(Goodman and Rose, 1990). There are several advantages in using LEH to assess stress 

patterns in an archaeological population. First, teeth are the most resistant elements in the 

human skeleton; therefore they have high preservation potential after burial. Second, 

unlike bone, once enamel has been deposited, remodeling does not occur. The 

developmental defects are preserved unless erased by dental attrition. Teeth therefore 

provide a hard record of all developmental insults occurring during infancy and 

childhood, during which time enamel deposition and mineralization occurs (Goodman 

and Rose, 1990). This characteristic has made teeth invaluable when assessing health 

during childhood, since immature bones are less likely to preserve due to differential 

preservation (Guy et al., 1997). Lastly, the schedule of enamel formation follows a clear 

trajectory, with slight variation among populations. This schedule is essential in 

delineating the timing of LEH events and allowing population patterns to be revealed 

(e.g., Goodman et al., 1980; Reid and Dean, 2000). 

Porotic hyperostosis is a more specific stress indicator suggestive of anemia. 

Among the various types of anemia, nutritional anemia, particularly iron-deficiency 

anemia induced in part by parasites and/or disease, is most common. Porotic hyperostosis 



4 

 

is manifest as a porous or “sieve-like” lesion often appearing on the orbital roof and/or 

cranial vault. After the anemic stress is alleviated or eased, the lesion becomes remodeled 

and may or may not leave its scar on the affected area. While completely remodeled 

lesions could bias the prevalence of anemic stress, active and trace lesions are indicative 

of stress load at the time of death (Hill and Armelagos, 1990; Holland and O’Brien, 1997; 

Mensforth et al., 1978; Stuart-Macadam, 1987; 1992).  

This study attempts large-scale bioarchaeological research using Iron Age human 

skeletal remains from Taiwan. Results and their interpretation build upon previous 

studies (Chang, 1993; Pietrusewsky and Tsang, 2003), and offer new perspectives 

regarding the health and well-being of the individuals recovered from SSH. This thesis 

also provides new data to facilitate future research when other comparable data from 

large skeletal populations become available.  
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CHAPTER 2 
 THE SHIH-SAN-HANG SITE: BACKGROUND AND BIOARCHAEOLOGY 

Discovery and Excavation 

The SSH site is located on the northwestern coast of Taiwan near the southern bank 

of the Damsui River estuary (25"10' N; 121"24' E) (Figure 2-1). Situated on a sand dune, 

the elevation is ca. 5 m above sea level. Its present administrative location falls in the 

Ding-Ku Village, Ba-Li Township, Taipei County. It was first discovered accidentally in 

1955 by a pilot who flew over the site and detected sporadic readings from his compass. 

With the speculation of large amounts of iron ore existing underground, a geologist 

surveyed the site and determined it was prehistoric iron slag that created the magnetic 

effect. The first archaeological excavation was led by the late professor Chang-ju Shih in 

1959. His team confirmed that the iron slag was the byproduct of prehistoric metallurgic 

activities by the SSH inhabitants.  

Due to poor communication between government and academic sectors and the 

lack of cultural heritage management at the time of the recovery, a large sewage plant 

was scheduled for construction at the SSH location. After negotiation, five intensive 

salvage excavations took place between 1990-92 under the direction of Dr. Cheng-hwa 

Tsang and Professor I-chang Liu. The excavated artifacts, faunal remains and human 

skeletal remains are curated in the Academia Sinica and Shih-san-hang Museum of 

Archaeology. The latter is a public museum built at the original site location for the 

purpose of recognizing the importance of cultural heritage, and as a memorial to the 

conflict between economic development and preservation Tsang and Liu, 2001b). 
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Figure 2-1. Location of the Shih-san-hang site.  
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Archaeological Context 

The total area of the SSH site was estimated to be 60,000 m2, but only 7,000 m2 

were excavated. Forty-three radiocarbon dates reveal that the site was occupied between 

2,000-500 years B.P., with its heyday ca. 1,800-800 years B.P. (Liu, 1995; Tsang and 

Liu, 2001b). Five major periods of Taiwan prehistory are generally accepted. They 

include Late Paleolithic to Early Neolithic (c.a. >15,000 B.P.-5,000 B.P.), Middle 

Neolithic (c.a. 4,500 B.P.-3,500 B.P.), Late Neolithic (c.a. 3,500 B.P.-2,000 B.P.), and 

Metal/Iron Age (c.a. 2,000 B.P.-400 B.P.) (Liu, 1992; see Chen, 2000 for a detailed 

review). The SSH site was occupied during this last period of Taiwan’s prehistory. 

During the Metal/Iron Age, five geographically distinct cultural traditions have 

been identified: the SSH Culture (northern and north-coastal), the Fan-zih-yuan Culture 

(midwestern), the Niao-song Culture (southwestern), the Guei-shan Culture 

(southernmost), and the Jing-pu Culture (eastern and east-coastal). Radiocarbon dates and 

artifact typology of the latter four cultures suggest their time range being 1,700-400 years 

B.P., 1,700-1,250 years B.P., 1,550-1,470 years B.P., and 1,000-500 years B.P. (Chen, 

2000; Liu, 1992; Tsang, 2000). All dates are well-correlated with that of the SSH site. 

Due to the enormity of the SSH site, it has been recognized as the “type site” of the SSH 

Culture, and marks the beginning of Taiwan’s Metal/Iron Age. 

Generally speaking, the terminal prehistoric period (occurring from the Metal/Iron 

Age to the contact of the Han people) of northern and coastal Taiwan is represented by 

the SSH Culture. The SSH Culture is divided into Early and Late periods. The Early 

period (2,000-1,000 years B.P.) further contains three subtypes: SSH Type, Hou-long-di 

Type, and Fan-she-hou Type; the Late period (1,000 years B.P. to the acculturation of 

Han) includes Pi-dao-ciao Type, Sin-gang Type, Jiou-she Type, and Pu-luo-wan Type 
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(Liu, 1995). The seemingly confusing and detailed classification of protohistoric and 

prehistoric sites in Taiwan signifies the complexity of prehistoric culture and extent of 

interaction between discrete population groups inhabiting the Island.  

Cultural Context 

The Metal Age is largely characterized by the paucity of stone tools recovered, and 

this is especially the case with the SSH Culture. At SSH site, for example, some stone 

hoes, hammers and other non-edged artifacts were found. Edged stone tools such as adzes 

and unifacial tools were very rare. Iron slag (by product of iron-smelting) and its 

associated minerals are abundant at SSH. Many areas of the site were covered by a layer 

of slag that varied in thickness across different zones, but averaged ca. 5 cm (Tsang et al., 

1990). The recovery of an open and circular structure lined with sandstone boulders is 

interpreted as an iron smelting furnace (Tsang and Liu, 2001b). While the function of this 

structure needs to be further elucidated, the presence of iron slag indicates proficient 

knowledge and skill in iron metallurgy.  

Trace element analysis of iron products from the site demonstrates that SSH iron 

artifacts were manufactured with raw materials containing magnetite. Chen (2000) 

suggests that the locally available black beach sand was the raw material used in 

iron-smelting. The process of extracting iron from this source is particularly more 

complex than when using other other raw materials, and may require additional smelting 

structures. With the exception of Korea, no sites in East and Southeast Asia have yielded 

iron remains similar in chemical composition to that documented at the SSH site. This 

iron-smelting tradition was practiced as early as 1,500 years B.P. in the site. Chen (2000) 

proposed this tradition to be independently innovated by the SSH people and unique in 

the Asian region. 
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Reddish-brown decorated pottery, including cooking and storage vessels, 

constitutes 90 % of the SSH pottery tradition. It was tempered with fine sand and fired by 

high temperature. Some animal figurines made with clay were also found. Moreover, 

beads, glass bracelets, earrings, and other colored beads were recovered, especially when 

associated with burials. Iron-made knives, arrowheads, axes, hoes and nails, as well as 

bronze-made artifacts such as vessels, rounded-shaped containers, and dagger/knife 

handles were collected. Extraordinary remains, including bronze bells and silver and gold 

ornaments were also excavated from the site (Chen, 2000; Tsang and Liu, 2001a, 2001b).  

The Chinese porcelains, both intact and fragmentary, and bronze coins were also 

recovered. The decorative motifs and inscriptions on these important artifacts indicate 

association with the North-South Dynasty (420-577 AD) through to the mid-Ch’ing 

Dynasty (1,644-1,850 AD) in Chinese history (Tsang and Liu, 2001b). The coins were 

not used in monetary exchange, but rather as decoration and burial goods. Interestingly, 

evidence of frequent canoeing and/or paddling, such as the presence of costal-clavicular 

grooves on adult skeletons and the bones of non-coastal fish species, suggest that the 

SSH people likely engaged in sea-faring activities (Chang, 1993). Therefore, researchers 

have suggested that the SSH people were indeed sea-faring and may have had 

well-formed exchange networks not only with other aboriginal groups in Taiwan, but also 

with people from coastal mainland China and/or neighboring Pacific Islanders (Liu, 

1995; Tsang and Liu, 2001a). 

Subsistence 

The subsistence pattern of a population is important, due to the fact that the 

consequences of their diet may leave marks on their skeletons. Agriculture-related 

artifacts and ecofacts, such as cultivation tools and rice grains, have been discovered 
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from a nearby site (Chih-san-yan) dated to the Late Neolithic period (Wang, 1984). Rice 

grain remains are preserved at the SSH site, although particular species (wild or 

domesticated) and amounts have not been reported (Tsang and Liu, 2001a, 2001b). While 

rice has been suggested to be part of the diet (Tsang, 2000), a direct linkage between 

cultivating tools and rice grains is still not clear. Rice agriculture, at least as part of a 

large and intensive cultivation system, cannot be safely inferred for the SSH site. 

Shell mounds are commonly found at the site with more than twenty shellfish 

species identified to date. Fish bones are also abundant; however, specific identifications 

have yet to be conducted. Butchered faunal remains have been found often burnt, with 

some showing evidence of cut and bite marks present which suggest human consumption 

of these resources (Tsang and Liu, 2001a, 2001b). Analysis of pig mandibles by Lin 

(1997) suggests that the SSH people were in the process of domesticating wild boar, and 

hunting would have been a possible way of acquiring them. Other terrestrial protein 

sources include deer, Formosan barking deer (Muntiacus reevesii), chickens, and various 

bird species.  

Based on archaeological findings and the prevalence of dental pathology, 

Pietrusewsky and Tsang (2003) suggest that the SSH people had a mixed diet. Marine 

and plant food resources were most likely acquired by hunting and gathering, although a 

certain degree of plant cultivation is also possible.  

The Skeletons 

Two hundreds and ninety burial units were recovered from the site during salvage 

excavation. More than 100 burials are difficult to identify in terms of the interment 

postures. The majority of identifiable burials were laid on their left side in flexed or 

semi-flexed posture (110 burials). Right side flexed and semi-flexed is the second most 
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common posture, which represents approximately 50 burials. All interment patterns were 

encountered in all excavation units and levels, and seem to be randomly distributed. Head 

orientation falls between SW 15° to 60°, with most individuals between SW 45° to 60°. 

With respect to face direction, two clusters were found with more individuals facing NW 

15° to 60° while others were facing SE 30° to 75° (Tsang and Liu, n.d.). These two 

directions correspond with the direction of the Taiwan Strait and the Kuang-yin 

Mountains (the highest mountains visible from the site), respectively. Combined with the 

orientation of the skeleton and face direction of the face the SSH people tended to bury 

their dead either facing the sea or the mountains, although further cultural interpretations 

require further research (Tsang and Liu, 2001b).  

Cranial morphometric studies by Chang and Pietrusewsky (Chang, 1993; 

Pietrusewsky and Chang, 2003, N=17 and 13, respectively, males only) suggest that 

shared biological similarities may exist between the Babuza, Pazeh and SSH people. The 

former two populations are Plains Aborigines who once lived in the central area of the 

western coast of Taiwan. It has been demonstrated that the cranial morphology of SSH 

people shows less affinity with the Atayal tribe, the most geographically-related 

mountain aborigines, than with other aboriginal populations on the Island. In fact, the 

Atayal sample is even more distinct from the SSH than from the Polynesian/Micronesian 

sample included in the comparative data. Therefore, biologically, the SSH people seem to 

show close affiliation with central-northern Taiwanese Plains Aborigines and are likely to 

have genetic links with the Polynesians (Chang, 1993; Pietrusewsky and Chang, 2003).  

Some researchers propose that the SSH people show close ties to the extinct 

northern Taiwanese Plains Aborigines, the Ketagalans and Kavalans, based on cultural 
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remains and geographical location of SSH (Yang, 1961 cited in Pietrusewsky and Chang, 

2003). Although craniomophological analysis was not performed on the Ketagalan and 

Kavalan crania, data on population migration, artifact typology, and temporal association 

all support a close relationship of SSH occupants with its successive populations in the 

local region (Liu, 1992). The location of the SSH site near the coast of Taiwan allowed 

the occupants to be involved in more frequent contact with other populations, both in 

northern Taiwan and perhaps eastern Pacific Islanders. Intermarriage is one possible 

explanation for the complexity of biological traits of the SSH people (Chang, 1993).  

Bioarchaeological Studies of the SSH Site 

While the archaeological and cultural aspects of the SSH site have been intensively 

studied, only subsamples of the human skeletal remains have received thorough analysis 

to date. Two studies on well preserved adult skeletons were conducted by Pietrusewsky 

and Chang (Chang, 1993; Pietrusewsky and Tsang, 2003). Results of their respective 

findings are presented in Table 2-1 and 2-2. Among these samples, 21 individuals were 

studied by both sets of researchers, and young adults comprised the bulk of the samples 

(N= 16/32 and 18/23, respectively).  

Average stature is estimated at 165 cm for males and 155-160 cm for females. 

Compared to other Taiwanese aboriginal groups, stature of SSH adult males falls in the 

range of Plain Aboriginal clusters and is greater than Mountain Dwelling Aboriginals 

(Chang, 1993). SSH adult males, when compared with Asian and Oceanic populations, 

are similar in height to the Mongolians, southern Chinese and prehistoric Mariana 

Islanders, and were shorter than northern Chinese and prehistoric Hawaiians 

(Pietrusewsky and Tsang, 2003).  
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Table 2-1. Paleopathology of the SSH site reported in Chang (1993) 
Male Female Total  

Affected Observed % Affected Observed % Affected Observed % 
N 17 15 32 
Mean stature (cm) 164.70 +/- 3.59 155.16 ---- 
Cribra orbitalia ---- ---- ---- ---- ---- ---- ---- ---- ---- 
EH (C & I)a 108 183 59.0 127 162 78.4 235 345 68.1 
EH (All tooth types)a 170 490 34.7 246 417 59.0 416 907 45.9 
Caries 20 490  4.1 13 425  3.1 33 917  3.6 
Abscessing 8 484  1.7 1 414  0.2 9 898  1.0 
Calculus 
(moderate & marked) 

32 491  6.5 29 419  6.9 61 908  6.7 

AMTL 9 540  1.7 20 476  4.2 29 1016  2.1 
Vertebral osteoarthritis 
(slight & moderate) 

460 1394 33.0 503 1310 38.4 963 2704 35.6 

Appendicular 
osteoarthritis (slight) 

202 879 23.0 232 816 28.4 434 1695 25.6 

Osteophytosis 62 614 10.1 75 586 12.9 137 1194 11.5 
Note: a. statistical significant (p<0.05) derived from data in Appendices 13 and 14 in Chang (1993). 
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Table 2-2. Paleopathology of the SSH site reported in Pietrusewsky and Tsang (2003) 

Male Female Total  
Affected Observed % Affected Observed % Affected Observed % 

N 15 8 23 
Mean stature (cm) 165.2 159.9 ---- 
Cribra orbitalia 7 22 31.8 7 14 50.0 14 36 38.9 
LEH (C & I)a 37 133 27.8 32 53 60.4 69 186 37.1 
Caries 6 395  1.5 0 190  0.0 6 585  1.0 
Abscessing 4 405  1.0 0 193  0.0 4 598  0.7 
Calculus (moderate) 114 393 29.0 48 167 28.7 162 560 28.9 
AMTL 2 419  0.5 0 214  0.0 2 633  0.3 
Vertebral 
osteoarthritis 
(slight & moderate) 

88 1175  7.5 34 575  5.9 122 1750  7.0 
 

Appendicular 
osteoarthritis (slight) 

52 639  8.1 22 354  6.2 74 993  7.5 

Osteophytosis 38 517  7.4 26 261 10.0 64 778  8.2 
Note: a. statistical significant (p<0.05).
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Dental health of the SSH population is generally quite good. Dental caries rate is 

low, ranging from 0 to 4.1%, with males having slightly more dental caries than females. 

Prevalence of moderate to marked dental calculus differs largely between the two studies 

(7% and 29%), possibly due to differences in scoring procedure. Dental abscessing and 

antemortem tooth loss (AMTL) are rarely observed. A slightly higher frequency of 

AMTL presented by Chang (1993) could be the result of more older individuals being 

incorporated into her subsample, as AMTL is an age-related phenomenon. While calculus 

is often associated with periodontal disease, no relationship between calculus and 

abscessing is reported. One case in Chang’s study demonstrates direct evidence of 

abscessing caused by severe dental caries. Compared with prehistoric Southeast and West 

Asian and Oceanic populations, prevalence of AMTL, caries and abscessing of SSH are 

significantly lower. Moderate to marked dental calculus seems to be a significantly more 

frequent condition in SSH than in prehistoric Oceanic skeletal remains. High calculus 

deposition is attributed to a high carbohydrate diet and a more alkaline oral environment. 

This could be created by betel nut chewing or poor dental hygiene (Pietrusewsky and 

Tsang, 2003).  

For stress indicators, both studies note dental enamel hypoplasia frequency as 

moderate to high (Chang, 1993; Pietrusewsky and Tsang, 2003). Females show 

significantly higher incidence of hypoplastic lesions than males. With canines (60%) and 

incisors (78%) are most affected. While non-specific in nature, nutritional deficiencies, 

metabolic disorders and infectious diseases could all be the causative effect of enamel 

defects. During childhood, SSH females may experience more physiological stress than 

males (Chang, 1993; Pietrusewsky and Tsang, 2003). Although timing of hypoplastic 
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formation is not reported, the overall high prevalence of enamel defects in the SSH 

population suggests stress during childhood. In terms of cribra orbitalia, higher frequency 

is observed in females (50%) than males (32%); however degree of severity and healing 

process was not noted. Overall prevalence of cribra orbitalia (39%) at the SSH is related 

to anemia caused by parasitic infection, iron-deficient diets, and/or other chronic stressors 

in the environment (Pietrusewsky and Tsang, 2003).  

Prevalence of degenerative changes in SSH people is low among the young adult 

subsample analyzed by Pietrusewsky and Tsang (2003); however, degenerative changes 

become significant when including individuals of more advanced age (Chang, 1993). 

Based on these findings, it is inferred that SSH people might have engaged in moderate 

physical activity throughout their lifetime. Presence of vertebral stress fractures and 

spondylolysis reinforces this interpretation (Pietrusewsky and Tsang, 2003). Finally, 

evidence of specific infectious disease and/or trauma is extremely rare.  

In sum, according to Chang (1993) and Pietrusewsky and Tsang (2003), SSH 

people seem to have enjoyed a generally healthy life although a somewhat stressful 

childhood and hard-working adulthood was experienced by most of the SSH inhabitants.  
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CHAPTER 3 
 MATERIALS AND METHODS 

Materials 

The aim of this study is to quantify and assess stress patterns in the SSH 

population, especially those occurring during childhood. Both Chang (1993) and 

Pietrusewsky and Tsang (2003), note the need for comparative study of the entire SSH 

skeletal series. Hence, all 306 individuals excavated from the site during III, IV, V, VI 

and VII field periods (1990-1992) were examined regardless of preservation or 

completeness. Sampled remains are curated at the Division of Archaeology, Institute of 

History and Philology, Academia Sinica, Taiwan. Table 3-1 is the demographic 

composition of the individuals under study. 

 
Table 3-1. Sex and age distribution of SSH skeletal remains studied  

 Male % Female % ?Sex % Total % 
SA 3 4.8 1 1.8 74 40.7 78 25.5 
YA 34 50.7 37 65.0 19 10.4 90 29.4 
MA 19 28.4 14 24.6 3 1.6 36 11.8 
OA 2 3.0 3 5.3 0 0 5 1.6 

?Age 9 13.4 2 3.5 20 11.0 31 10.1 
Total A 64 95.5 56 98.2 42 23.1 162 52.9 
?Age 0 0 0 0 66 36.3 66 21.6 
Grand 
total 

 
67 

 
100.0 

 
57 

 
100.0 

 
182 

 
100.0 

 
306 

 
100.0 

Note: SA= subadult; YA= young adult; MA= middle adult; OA= old adult; A= adult. 
 

Methods 

Inventory 

The majority of excavated human remains were processed by previous workers. 

Some fragile elements, particularly skulls, however, remain wrapped in adhered soil 
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matrix. When encountered, attempts to expose the dental area, orbital roof and the vault 

were carefully conducted. Skeletal remains from each burial unit were identified and 

registered on an inventory sheet with detailed records for cranial bones. While each burial 

number was designated for one individual in the field, often burial units contained 

elements from more than one individual. Most of the additional elements consisted of 

teeth and jaw bone fragments. For the purpose of this study, skeletal materials that do not 

belong to the primary individual under a burial number were itemized separately from the 

primary skeleton. Minimum number of individuals (MNI) for contributed feature were 

identified and recorded. A catalog number was then assigned to each additional 

individual, CM49-2 and CM49-3, for example, and the primary individual in CM 49 was 

recorded as CM49-1. 

When possible teeth were identified and features scored on dental charts modified 

from Brothwell (1981). Teeth were designated as “present”, “missing” or “unknown”. 

Teeth in the “present” category were pooled results of teeth preserved with and without 

their matching sockets. A tooth was assigned as “missing”, or lost postmortem, when its 

tooth socket was present and unfused without the survival of its matching tooth. Teeth in 

the “unknown” category are those where neither the teeth nor matching sockets were 

preserved. Although “unknown” teeth are likely lost due to differential preservation, this 

category reflects potential agenesis, antemortem tooth loss, and/or postmortem loss.  

Sex Determination 

Sex of each individual was assessed with the multifactoral approach following 

suggestions and illustrations in Buikstra and Ubelaker (1994). For cranial morphology, 

development of nuchal crest, size and shape of mastoid process, contour of supraorbital 

margins, development of supraorbital ridge and shape of mental eminence (chin) were 
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observed. Overall size and robusticity of the cranium were noted as supporting criteria. 

Five sexually dimorphic features of the pelvis, when presented, were scored.  These 

include the ventral arc, subpubic concavity, ischiopubic ramus, greater sciatic notch and 

the preauricular sulcus. Overall contour of the sacrum and os coxae, and position of 

acetabulum were incorporated as further confirmation of estimated sex, when possible.  

Bass (1995) and Thieme and Schull (1957, cited in Stewart, 1979) suggest that 

maximum clavicle length and sternum/manubrium ratio are sexually dimorphic traits, 

although their accuracy less secure than cranial and pelvic morphology. To increase the 

rate of identifiable skeletons, these two features and their indices were observed 

following Bass (1995) and used as supplementary indices. In addition, based on the 

assumption that males tend to be more physical than females and have more robust 

musculature, linea aspera development and overall robusticity were incorporated in 

assessment of sex determination. Left side features of crania and paired elements were 

observed when present, otherwise right side features were scored.  

For sex indicators, pelvic features are most reliable due to dimorphic differences 

related to reproduction. Pelvic features are less vulnerable to modification by muscular 

development which may be caused by sexual differences in occupation practices, and 

could eliminate cultural bias when determining sex of young adults. Therefore, when 

pelvic features show sex discrepancies against cranial and/or other postcranial features, 

pelvic sex was taken as the estimated sex.  

Determination of sex in subadults can be difficult, if not impossible. Therefore, sex 

identification was not attempted on subadult skeletons (under 20 years of developmental 
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age) unless their developmental age was close to 20 years and morphological criteria 

were clear. 

Age Determination 

Age estimation on a skeletal population is the most critical task for constructing a 

paleodemographic profile of a population without known age data. Multiple age 

indicators were utilized to increase the identifiable rate of the skeletons and to avoid bias 

created by using certain age indicators alone (White, 2000). Caution was followed to 

prevent imposing an age category on individuals that failed to preserve enough reliable 

age indicators. 

For the purpose of this study, individuals were not assigned a specific age. 

Following Buikstra and Ubelaker’s (1994) suggestions, age groups were used, which 

include subadult (0-20 years), young adult (21-35 years), middle adult (36-50 years) and 

old adult (50 years and older). If surviving features only provide information for 

distinguishing subadult from adult, the individual was left in either category.  

Age of subadults was determined in the order of dental eruption (Ubelaker, 1989), 

epiphyseal fusion (Bass, 1995; Brothwell, 1981; Ubelaker, 1989) and diaphyseal length 

(Ubelaker, 1989). For adults, a multifactoral approach was used due to deceasing 

accuracy of age estimation when individuals of advanced age were encountered. 

Indicators used include pubic symphysis (Brook and Suchey, 1990), auricular surface 

(Lovejoy et al., 1985), clavicle fusion (McKern and Stewart, 1957), suture closure 

(Buikstra and Ubelaker, 1994; Meindl and Lovejoy, 1985), and dental attrition.   

Dental attrition rate and pattern is a population specific phenomenon that can be 

affected largely by coarseness of foodstuffs consumed and task-related abrasions. To 

detect and establish the relationship between tooth wear and skeletal age (epiphyseal 
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closure, pubic symphysis phase and auricular surface degeneration) estimates, a 

subsample of 23 well-preserved, previously studied individuals (Pietrusewsky and Tsang, 

2003) from the SSH site were analyzed. Relationship between wear stages and ages 

presented in Brothwell (1981: 72) and Smith (1984: 45-46) was evaluated for the 

necessity of modification.  

Estimated age from skeletal indicators is slightly younger than age estimated 

following Brothwell’s (1981) method and thus dental attrition of SSH population is more 

severe than the hypothetical population from which Brothwell’s chart is derived. 

Therefore, corresponding age range of each wear stage for Brothwell and Smith (1984) 

has been modified and assigned as presented in Tables 3-2 and 3-3. The range of age 

groups is relatively wide but it serves well for the purpose of this study.  

 
Table 3-2. Adjusted molar wear and age relationships after Brothwell (1981: 72) 
Brothwell, ‘81 17-25 25-35 33-45 45+ 
SSH adjusted 15-20 21-35 35-50 50+ 
 

Table 3-3. Assigned premolar, canine and incisor wear stages and age relationship after 
Smith (1984: 45-46) 

Smith, ‘84 1~3 3~5 5~7 7~8 
SSH  15-20 21-35 35-50 50+ 

 

Linear Enamel Hypoplasia 

LEH is a linear or pitted lesion of decreased enamel thickness resulting from 

disruption of enamel formation. The enamel forming cells, ameloblasts, actively deposit 

enamel matrix following a scheduled rhythm, in a process known as amelogenesis 

(Goodman and Rose, 1990). Systemic physiological perturbation (stress) or localized 

dental trauma could affect the metabolism of ameloblasts, and prevent the cells from 
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maintaining normal function. After the stressor(s) are lifted, amelogenesis resumes and 

leaves a groove or pitting on the crown surface. Based on animal experiments and clinical 

observation, more than 100 specific diseases/disorders contribute to LEH, including but 

not exclusive of parasitic infection, rickets, diabetes, rubella, syphilis, tetanus, renal 

failure and brain damage (Koch et al., 1999; Nikiforuk and Fraser, 1981; Pindborg, 1982; 

Seow et al., 1995; Suckling, 1989; Suckling et al., 1986). Research on nutritionally 

stressed children in Mexico has established a link between malnutrition and enamel 

defects (Goodman et al., 1991). Thus, multiple etiologies of LEH make it difficult to 

determine a specific when encountered in skeletal remains, without the aid of historical 

documents. In general, LEH is accepted as an indicator of non-specific and systemic 

stress suffered by an individual during enamel formation. Systemic stress is broadly 

defined as “any disruption of the normal functions and homeostasis of a living organism” 

by Selye (1956, cited in Powell, 1988: 34). The nonspecific nature of stress led Selye to 

propose the “General Adaptation Syndrome”, referring to an organism’s or a population’s 

reaction to disruptions (stressors) caused by both environmental and cultural factors 

(Goodman et al., 1988). In this model, the ultimate goal of an organism’s response to 

insults or stressors is to maintain homeostasis. Arrested amelogenesis induced by 

non-specific stressors is a “trade-off” of the body to conserve energy in order to cope 

with the impact of an increased stress load.  

A biocultural perspective has been frequently adopted in bioarchaeological studies 

(Blakely, 1977; Larsen, 1997; Goodman and Armelagos, 1989; Goodman et al., 1984, 

1988). The biocultural approach incorporates both physiological and cultural aspects in 

interpreting the roles of stress indicators for skeletal remains, and helps to discern the 
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relationship between populations and the environment (Figure 3-2). In this model, both 

environment and culture influence on individuals survival (e.g. natural resource, and 

cultural practices for buffering stress) and its potential sources of stress (failure to access, 

or limited access to resources, environmental or culturally induced stressors, and the 

combined effects of all these factors). If the host (an individual or a group of people) 

lacks the ability or strength to resist the stressors, they could in turn experience 

physiological disruptions (stress). At this stage, the host is susceptible and less fit. 

Depending on the type and magnitude of the stressor and the host’s resistance, the 

consequences could be acute illness, chronic physiological disruption or death. To his 

advocates, Selye’s central notion of stress is that the response and recovery from an insult 

should be an adaptive process, and viewed in a broad biocultural context. 

 

 

Figure 3-1. A general model for the study of stress in skeletal populations. From 
Goodman and Armelagos (1989: 226).  

 
Numerous studies have demonstrated that LEHs are most frequently found on 

anterior dentition, especially mandibular canines and maxillary central incisors. 

Goodman and Rose (1990) present a threshold model for the development of hypoplasias. 

For a given individual, the threshold level of each tooth type is dictated by the combined 

effects of unknown underlying etiology, nutritional intake and history of illness for a 
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given individual. When the duration and magnitude of a stress episode exceeds the 

threshold, an enamel defect is manifested. The threshold also fluctuates along with 

developmental age and crown height (length); the cervical and incisal third of the crown 

have higher thresholds, while the threshold is lower at the mid-third of the crown. It is 

also proposed that the susceptibility and sensitivity to stress varies across tooth types: 

anterior teeth have lower thresholds than posterior teeth and are therefore more easily 

affected by LEH (for non-threshold explanation, see Hodges and Wilkinson, 1990). It 

follows that the development of LEH on canines and incisors is representative of an 

individual’s pattern of physiological stress. However, stress of greater magnitude may be 

recorded on posterior teeth, and serve as an indicator of unusually heavy stress loads 

(Wright, 1997). 

LEH is a record of stress during enamel formation, and it is also a gauge of relative 

health and well-being. It has been associated with consequences of weaning-related 

events during childhood (e.g., Lanphear, 1990; Lovell and Whyte, 1999; Moggicecchi et 

al., 1994; Saunders, 1999; but see Blakey et al., 1994). Timing of hypoplastic events 

(sites of LEH) can be identified by calculating the distance from the LEH to the CEJ, 

placing the defect into a chronological sequence of enamel development for that tooth 

type. Patterns (distribution and timing) of LEH across tooth types and between 

individuals studied permit dental physiological reactions to stress insults and stress 

patterns at the population level to be assessed.  

LEH is often associated with early mortality (decreased life expectancy), and 

frequently is found on individuals who die at a young age (Cook and Buikstra, 1979; 

Duray, 1996; Goodman and Armelagos, 1988; Katzenberg et al., 1996; Rose et al., 1978; 
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Slaus, 2002; Wood, 1996). Nonetheless, the causal factor influencing LEH events is 

usually not the direct cause of death since LEH represents a signal of recovery 

(Palubeckaite, 2001). LEH prevalence by sex is typically not significant. However, it 

cannot be directly inferred that the physiological and cultural factors operating on both 

sexes are similar; rather, the intertwined results of both factors need to be explored 

(Boldsen, 1997; Guatelli-Steinberg and Lukacs, 1999).  

Methods for LEH Observation 

To assess the presence and absence of LEH, each tooth was exposed to a 60 Watt 

yellowish oblique light from a desk lamp in addition to an overhead light source. A 

hand-held lens with 10x magnification was used to help define border(s) of the defect and 

to facilitate measurement. Only lesions observable without the aid of magnification were 

recorded as LEH, in order to eliminate marks of normal enamel growth or minute but 

ambiguous stress episodes (Goodman and Rose, 1990). Location of LEH was measured 

as the distance from the midpoint of the lesion to the midpoint of the CEJ. Teeth with 

broken CEJ or obscured by calculus were not measured. A digital dental caliper capable 

of measuring to one-hundredth of a millimeter was utilized. 

Although a hypoplastic lesion will not be remodeled once formed, it is possible for 

the lesion to be erased by dental attrition. Goodman and Rose (1990) note that LEH are 

more likely to occur on the mid-third of the buccal surface of the tooth. To control the 

effect of dental attrition, only teeth with more than two-thirds of remaining average 

crown height were incorporated. The average crown height of the SSH population was 

calculated from analysis of unworn teeth (Table 3-4).  
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In this study, LEH data are analyzed at two levels, by tooth and by individual. At 

the tooth level, prevalence and distribution of LEH can be observed with respect dental 

physiology and developmental resistance against stress. 

Table 3-4. SSH mean crown heights and regression formulae modified from Goodman et 
al. (1980) 

SSH unworn crown height Tooth 
N Mean s.d. 

Regression equationsa 

(x = distance of LEH from CEJ) 

UM2 18  6.904 0.746 Age= -0.652 x + 7.5 
UM1 22  6.814 0.735 Age= -0.514 x + 3.5 
UP4 12  7.085 0.715 Age= -0.494 x + 6.0 
UP3 15  7.651 1.088 Age= -0.523 x + 6.0 
UC 14 10.679 0.477 Age= -0.562 x + 6.0 
UI2 11 10.010 0.684 Age= -0.350 x + 4.5 
UI1 19 12.018 0.682 Age= -0.374 x + 4.5 
     
LM2 28  6.463 0.820 Age= -0.619 x + 7.0 
LM1 22  7.420 0.642 Age= -0.472 x + 3.5 
LP4 14  7.063 0.738 Age= -0.708 x + 7.0 
LP3 13  7.901 0.905 Age= -0.633 x + 6.0 
LC 11 10.861 0.721 Age= -0.552 x + 6.5 
LI2 12  9.934 0.642 Age= -0.403 x + 4.0 
LI1 13  9.538 0.701 Age= -0.419 x + 4.0 
Note: a. Ages are calculated in years. 
 

At this level, sides were pooled by tooth type. At the individual level, an overall pattern 

of LEH condition for a population can be revealed, which provides insight to the adaptive 

well-being of the total sample. Here, one side of teeth of each tooth type was included per 

individual. The selection criteria are:  

1) individuals observed with no LEH: the side with larger crown height remaining 

was used;  

2) individuals observed with LEH on one side: the side with LEH was chosen. This 

assumes LEH is a systemic stress indicator, and potential risks of counting localized 

LEHs as reflection of systemic stress are recognized; and 
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3) individuals observed with LEH on both sides: a) the side with a greater number 

of LEH episodes was selected; and b) the side with more crown height remaining was 

chosen, if same LEH episodes were present on both sides.  

Developmental age of LEH formation was calculated following two methods. First, 

regression formulae proposed by Goodman et al. (1980) were adopted. An assumption is 

held in this method that the rate of enamel deposition on each tooth is constant, i.e., that 

enamel forms in a linear fashion. Furthermore, effects of hidden cuspal enamel are not 

considered when developing the formulae reported in Goodman et al. (1980). As 

Goodman and Song (1999) have noted, the relationship between crown height and timing 

of enamel formation is not clear, and enamel probably forms in a nonlinear fashion. 

Hidden cuspal enamel, for example, could complicate estimate of crown formation 

duration, and in turn, affect results of LEH formation assessment. While many studies 

have addressed issues related to these underlying assumptions, the Goodman method has 

been widely utilized in reporting the timing of LEH formation (Hillson and Bond, 1997; 

Palubeckaite, 2001; Stodder, 1997; Wright, 1997). Therefore, Goodman’s method is used 

here to provide comparable results. As Wright (1997) has suggested, average crown 

heights could vary considerably among populations. As presented above in Table 3-4, 

unworn crown height of each tooth type from the SSH sample was substituted in 

Goodman’s regression formulae.  

The second method to determine developmental age of LEH follows Reid and 

Dean (2000). Their enamel formation sequences are derived from measuring spacing 

between adjacent daily cross striations of tooth enamel, and calculating the duration of 

cuspal enamel formation. Ten equal zones divide the tooth from the CEJ to the occlusal 
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edge, and timing of enamel formation at each border provided. In this study, SSH crown 

heights were substituted and Table 3-5 shows their values as modified from Reid and 

Dean (2000). Their chart is based on empirical observations of tooth development. It 

accounts for issues related to cuspal enamel and crown geometry, and therefore provides 

greater accuracy in estimating timing of LEH defects than the Goodman method 

(Goodman et al., 1980).  

Porotic Hyperostosis 

Porotic hyperostosis, a term first used by Angel (1966), is a cranial lesion induced by 

various types of anemia (but see Wapler et al., 2004). During an anemic episode, 

compromised red blood cells increase in number to maintain normal oxygen 

transportation. The external table of bone expands due to increased number of red blood 

cells, and the space between marrow cells is also enlarged. The outer layer of the cranial 

bone becomes very thin and often exposes the trabecular portion of the diplöe, and a 

porous area appears (Huss-Ashmore et al., 1982). In some cases, marrow hyperplasia can 

result in hypertrophy of bony structure, and therefore the cranial bone becomes 

thickened. The gross lesion is observed as a spongy or sieve-like area on various 

locations of the cranium. Radiographically, it is characterized as a “hair-on-end” pattern 

reflecting changes in bony texture (Stuart-Macadam, 1987). If the anemic episode is 

resolved, remodeling begins to heal the bony lesion, although the duration of this process 

varies by individual. Therefore, stages of the porotic lesion (active, mixed, and healed) 

are indicative of anemic processes experienced by an individual at the time of death (but 

see Stuart-Macadam, 1985, discussed below).  

Porotic hyperostosis is most frequently manifested on orbital roofs (cribra orbitalia), 

parietals, occipitals and sometimes the temporal and sphenoid bones. For a period of time 
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it was thought that cribra orbitalia and porotic hyperostosis were independent 

pathologies, Stuart-Macadam (1989), among others, explicitly confirmed that they are 

actually the result of the same etiology, anemia. Orbital lesions are possibly formed 

earlier before the vault is affected during anemic events (Caffey, 1937). While congenital 

anemia such as thalassemia and sickle-cell anemia can cause bony reactions, 

iron-deficiency anemia is the most commonly encountered type of anemia across 

populations and geographic areas (Stuart-Macadam, 1992; Wintrobe, 1993).  

Iron metabolism is a complex physiological process within the human body. A 

variety of factors and their interactions could affect iron status, including iron absorption, 

diet, blood loss, iron withholding and genetics (Stuart-Macadam, 1998). A single etiology 

of iron-deficiency anemia, therefore, is not easily specified. Two factors, however, are 

most often discussed in prehistoric settings: diet and blood loss. Prevalence of porotic 

hyperostosis (orbital and/or vault) is positively associated with the intensification of 

agriculture and increasing dependence on cultivated products. Unbalanced diet, decreased 

dependence on iron-rich foodstuffs acquired from hunting and gathering, and low iron 

concentration in plant food resources are often cited as reasons (Cohen and Armelagos, 

1984; Pietrusewsky and Douglas, 2001). However, from the physiological perspective, 

iron- deficiency anemia may not be blamed solely on insufficient diet. Iron metabolism in 

the human body is reported as an almost closed system. Approximately 90% of the iron 

needed for the production of new red blood cell is recycled from old red blood cells 

which are destroyed by the metabolic system. It follows, therefore that very little iron is 

incorporated from the diet (Hoffbrand and Lewis, 1981; Stuart-Macadam, 1998). 
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Table 3-5. Chronology of enamel development modified from Reid and Dean (2000) 
Maxillary dentition 

UC 
age (year)             from CEJ (mm) 

UI2 
age (year)             from CEJ (mm) 

UI1 
 age (                 from CEJ (mm) 

5.3 ---------------------------------------0.000 5.1 ----------------------------------- 0.000 5.0 ----------------------------------- 0.000 
4.8 ---------------------------------------1.068 4.6 ----------------------------------- 1.001 4.4 ----------------------------------- 1.200 
4.3 ---------------------------------------2.136 4.1 ----------------------------------- 2.002 3.9 ----------------------------------- 2.402 
3.8 ---------------------------------------3.204 3.7 ----------------------------------- 3.003 3.4 ----------------------------------- 3.604 
3.4 ---------------------------------------4.272 3.3 ----------------------------------- 4.004 2.9 ----------------------------------- 4.806 
3.0 ---------------------------------------5.340 2.9 ----------------------------------- 5.005 2.4 ----------------------------------- 6.008 
2.7 ---------------------------------------6.407 2.7 ----------------------------------- 6.006 2.0 ----------------------------------- 7.210 
2.4 ---------------------------------------7.475 2.4 ----------------------------------- 7.007 1.8 ----------------------------------- 8.412 
2.2 ---------------------------------------8.543 2.2 ----------------------------------- 8.008 1.6 ----------------------------------- 9.614 
1.9 ---------------------------------------9.611 2.0 ----------------------------------- 9.009 1.3 ----------------------------------10.816 
1.7 ------------------------------------- 10.679 1.8 ---------------------------------- 10.010 1.1 ----------------------------------12.018 
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Table 3-5. Chronology of enamel development modified from Reid and Dean (2000) (continued) 
Mandibular dentition 

LC 
age                   from CEJ (mm)

LI2 
 age (yea               from CEJ (mm)

LI1 
 age (                 from CEJ (mm) 

1.5 ------------------------------------- 10.861 1.0 ----------------------------------- 9.934 1.0 ----------------------------------- 9.538 
1.7 ---------------------------------------9.775 1.1 ----------------------------------- 8.941 1.1 ----------------------------------- 8.584 
2.0 ---------------------------------------8.689 1.3 ----------------------------------- 7.947 1.3 ----------------------------------- 7.630 
2.3 ---------------------------------------7.603 1.5 ----------------------------------- 6.954 1.5 ----------------------------------- 6.677 
2.7 ---------------------------------------6.517 1.8 ----------------------------------- 5.960 1.7 ----------------------------------- 5.723 
3.1 ---------------------------------------5.431 2.1 ----------------------------------- 4.967 2.0 ----------------------------------- 4.769 
3.6 ---------------------------------------4.344 2.4 ----------------------------------- 3.974 2.3 ----------------------------------- 3.815 
4.2 ---------------------------------------3.258 2.8 ----------------------------------- 2.980 2.6 ----------------------------------- 2.861 
4.9 ---------------------------------------2.172 3.3 ----------------------------------- 1.987 3.0 ----------------------------------- 1.980 
5.6 ---------------------------------------1.086 3.7 ----------------------------------- 0.993 3.4 ----------------------------------- 0.954 
6.2 ---------------------------------------0.000 4.2 ----------------------------------- 0.000 3.8 ----------------------------------- 0.000 
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Instead, loss of blood, by menstruation, trauma and chronic bleeding, is the source of 

decreased iron concentration. Infection, most commonly from parasites, has long been 

linked to internal chronic blood loss. Research on the prevalence of porotic hyperostosis 

in populations with a high parasitic load has revealed that the incidence of 

iron-deficiency anemia is correlated to parasitic infection (Hengen, 1971; Merbs, 1992; 

Walker, 1986). Whether anemia is an “adaptive reaction” to parasitic load 

(Stuart-Macadam, 1992) or simply a sign of insufficient iron due to blood loss is not yet 

clear. As for the major factors of iron status, Holland and O’Brien (1997) have suggested 

that while parasitic infection (chronic blood loss) and its potential adaptive function is 

plausible, acquired iron deficiency (dietary-related) should be emphasized as well. 

According to Stuart-Macadam (1985), porotic hyperostosis is a representation of a 

childhood condition. First of all, porotic hyperostosis is most commonly observed in 

young children than in adults. Secondly, clinical research reports that children (and 

premenopausal women) are most susceptible to developing iron-deficiency anemia. 

Thirdly, development of marrow physiology has made children even more vulnerable to 

manifest bony lesions when anemia impacts. Lastly, she speculates that bony lesions may 

actually be the delayed reactions to earlier anemic episodes, not a timely reflection of 

current anemia. Therefore, porotic hyperostosis observed among older subadults and 

adults is either a persisting anemic process due to genetic factors (initiated in early 

childhood), or a reflection of childhood anemic episodes. The notion of porotic 

hyperostosis as a childhood pathology is supported implicitly or explicitly by Blom et al. 

(in press), Mensforth et al. (1978), and Salvadei et al. (2001).  
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Methods for Porotic Hyperostosis Observation 

Porotic hyperostosis was determined following the criteria suggested by 

Stuart-Macadam (1985) and reference pictures in Buikstra and Ubelaker (1994). 

Preserved orbital roofs, parietal bones, and occipital bones were examined for the lesion. 

Lesions were assigned into one of the four categories of severity, including barely 

discernible, porosity only, porosity with coalescence of foramina but no thickening, and 

coalescence foramina with increased thickness (Buikstra and Ubelaker, 1994). Activity of 

the lesion was determined based on signs of healing. Active, healed, and mixed reactions 

at the time of death were scored. Since porotic hyperostosis is a result of systemic 

disruption (Stuart-Macadam, 1989), bilateral symmetry of the lesion was also recorded if 

both sides of the bone were available.  

Dental Pathology 

Diet and subsistence patterns of a population are influential factors of a 

population’s well-being. Several dental pathologies/conditions including dental caries, 

calculus and abscessing are particularly useful in identifying dietary and 

subsistence-related conditions (e.g., Cohen and Armelagos, 1984). Prevalence of dental 

caries is frequently used as an index to discern hunting-gathering from agricultural 

subsistence (Turner, 1979). Dental calculus is an indicator of food consistency and oral 

alkalinity. As for dental abscessing, it is a condition caused by periodontal disease and/or 

advanced dental caries (Larsen, 1997). In this study, these three dental 

pathologies/conditions are incorporated to facilitate the reconstruction of SSH 

subsistence, and to permit the LEH and porotic hyperostosis data to be interpreted in a 

complimentary perspective. Presence or absence, and location of each grossly visible 
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lesion was recorded. Incidence of moderate and severe dental calculus was noted, 

following Brothwell (1981).  

Statistical Analysis 

Standard descriptive statistics and frequency tables were computed to characterize 

lesion prevalence and peak LEH formation zones. Student t-test was used when 

evaluating sex and age differences on mean LEH counts among tooth types. Chi-square 

statistics were performed in testing distribution differences of the lesions among sex and 

age groups. When degree of freedom equals one, probability of Fisher’s exact test (FET) 

was reported. Otherwise, Pearson’s chi-square value and probability were used. All tests 

were run using SPSS version 12.0 and the possibility of committing a Type I error (α) 

was set to 0.05.  
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CHAPTER 4 
RESULTS 

In this chapter, results of LEH observations are presented in two categories: by 

tooth and by individual. In the tooth category, overall prevalence, LEH prevalence among 

sex and age, and mean number of LEH among sex and age are reported. In the individual 

category, data of overall prevalence and by sex and age are provided. Prevalence of LEH 

on deciduous teeth is briefly discussed, but focus is placed on the permanent dentition. 

Overall patterns and sex comparisons of LEH formation timing are then demonstrated 

according to method used. In terms of porotic hyperostosis, overall prevalence and 

distribution by sex and age is presented. To reveal the morbidity pattern of the SSH 

people based on the two pathologies, numbers of individuals affected with LEH and/or 

porotic hyperostosis are tabulated and a correlation statistic is provided. Lastly, 

prevalence of dental pathologies (caries, calculus, and abscessing) are reported by the 

tooth count method.  

Linear Enamel Hypoplasias 

Deciduous Dentition 

Table 4-1 is the summary of LEH occurrence on deciduous dentition by tooth 

count. Among the observed deciduous teeth, two cases of LEH were scored: one 

maxillary canine and one central incisor, and each tooth presents one LEH episode. These 

two incidences belong to two very young children who do not have other macroscopic 

dental pathologies. Overall, there are virtually no LEH events that manifested on 

deciduous dentition of individuals from SSH population.  
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Permanent Dentition 

LEH by tooth count 

Overall assessment. Percentage of teeth with at least one visible LEH lesion by 

tooth types presented in Table 4-2 and Figure 4-1. LEH is most frequently observed on 

mandibular canines (56%), followed by maxillary canines (41%), central incisors (32%) 

and lateral incisors (26%). Maxillary dentition exhibits slightly higher LEH prevalence 

than mandibular dentition. Posterior dentition (premolars and molars) is significantly less 

affected with LEH than anterior dentition (df= 1, FET p= .000). When all tooth types are 

combined, overall LEH prevalence of the SSH site is 18.2% (Table 4-3).  

The mean number of LEH events was calculated by dividing total number LEH 

observed either by the total number of teeth available for observation, or by the total 

number of teeth that are affected with LEH. While suffering from differential 

preservation among tooth types, by using the number of all available teeth as the 

denominator provides a general trend of mean LEH episodes across tooth types. For the 

affected teeth category, multiple stress episodes on each tooth type can be clearly 

detected. Since only teeth that exhibit at least one LEH episode were incorporated into 

the sample, the minimum number of LEH count is one. One shortcoming of the affected 

teeth category is that the result can be biased by small sample size in certain tooth types, 

especially those not frequently affected with LEH, and this limits meaningful statistical 

analysis. Therefore, to ensure more precise results, the mean number of LEH counts is 

presented in both categories. 
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Table 4-1. LEH prevalence on deciduous dentition by tooth count 
 
Maxillary dentition 

 m2 m1 c i2 i1 
 LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% 

R 0 
22 

0 0 
22 

0 1 
14 

7.1 0 
7 

0 1 
5 

20.0 

L 0 
21 

0 0 
21 

0 0 
11 

0 0 
4 

0 0 
8 

0 

Pooled 0 
43 

0 0 
43 

0 1 
25 

4.0 0 
11 

0 1 
13 

7.7 

 
 
Mandibular dentition 

 m2 m1 c i2 i1 
 LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% 

R 0 
27 

0 0 
24 

0 0 
14 

0 0 
5 

0 0 
4 

0 

L 0 
20 

0 0 
20 

0 0 
11 

0 0 
3 

0 0 
3 

0 

Pooled 0 
47 

0 0 
44 

0 0 
25 

0 0 
8 

0 0 
7 

0 

Note: LEH= teeth affected with LEH; OBS= observed teeth. 
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Table 4-2. LEH prevalence on permanent dentition by tooth count 
 

Maxillary dentition  
 M3 M2 M1 P4 P3 C I2 I1 
 LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% 

R 6 
65 

9.2 19 
100 

19.0 9 
112 

8.0 9 
96 

9.4 8 
95 

8.4 32 
87 

36.8 25 
87 

28.7 23 
74 

31.1 

L 6 
67 

9.0 17 
103 

16.5 16 
96 

16.7 5 
90 

5.6 12 
88 

13.6 38 
82 

46.3 18 
78 

23.1 23 
70 

32.9 

Pooled 12 
133 

9.0 36 
203 

17.7 25 
208 

12.0 14 
186 

7.5 20 
183 

10.9 70 
169 

41.4 43 
165 

26.1 46 
144 

31.9 

 
 
Mandibular dentition 
 

 M3 M2 M1 P4 P3 C I2 I1 
 LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% LEH 

OBS 
% 

R 0 
70 

0 4 
106 

3.8 9 
109 

8.3 9 
93 

9.7 16 
92 

17.4 46 
79 

58.2 16 
59 

27.1 6 
41 

14.6 

L 2 
58 

3.5 8 
96 

8.3 12 
98 

12.2 10 
91 

11.0 17 
82 

20.7 42 
79 

53.2 13 
59 

22.0 7 
49 

14.3 

Pooled 2 
128 

1.6 12 
202 

5.9 21 
207 

10.1 19 
184 

10.3 33 
174 

19.0 88 
158 

55.7 29 
118 

24.6 13 
90 

14.4 
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Figure 4-1. Percentage of observed permanent teeth affected with LEH by tooth types.  

 
Table 4-3. Overall prevalence of LEH by dentition. Ages and sexes pooled 
 Maxillary Mandibular Anterior Posterior Overall 
Affected 266 217 289 194 483 
Observed 1391 1261 844 1808 2652 

% 19.1 17.2 34.2 10.7 18.2 
 

Table 4-4, Figures 4-2 and 4-3 present the overall mean number of LEH episodes, 

with ages and sexes pooled. Data show that mandibular canines are most affected by 

LEH, followed by maxillary canines and incisors. Anterior dentition shows greater 

numbers of LEH than the posterior dentition. Among anterior dentition, canines from 

upper and lower jaws and maxillary incisors are particularly high in mean LEH counts. 

Interestingly, premolars that are said to have higher stress thresholds, exhibit slightly 

more mean LEH counts than mandibular incisors. While this could be an artifact of more 
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severe attrition on mandibular incisors, stronger stress loads in SSH site could not be 

ruled out. 

Table 4-4. Mean number of LEH on observed and affected teeth by tooth types 
Maxillary 
dentition 

Mean LEH 
counts on 
observed teeth

Mean LEH 
counts on 
affected teeth 

Mandibular 
dentition 

Mean LEH 
counts on 
observed teeth 

Mean LEH 
counts on 
affected teeth 

UM3 0.11 1.70 LM3 0.02 1.00 
UM2 0.20 1.11 LM2 0.06 1.08 
UM1 0.12 1.00 LM1 0.11 1.05 
UP4 0.10 1.29 LP4 0.11 1.05 
UP3 0.13 1.21 LP3 0.25 1.26 
UC 0.70 1.66 LC 0.96 1.72 
UI2 0.39 1.49 LI2 0.30 1.21 
UI1 0.51 1.49 LI1 0.17 1.15 
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Figure 4-2. Mean number of LEH on observed teeth by tooth types. 
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Figure 4-3. Mean number of LEH on affected teeth by tooth types. 

LEH prevalence and sex. Teeth from all sexed individuals were evaluated for 

LEH prevalence. Contrary to other studies, LEH prevalence at SSH shows significant 

difference between sexes, with females having higher LEH incidence than males; based 

on tooth type analysis (Table 4-5, df= 1, FET p=.034). Twenty percent of teeth from 

females exhibit at least one LEH, while 17% of teeth from males have LEH. The sexual 

difference is especially pronounced on anterior dentition (Table 4-6), where prevalence of 

LEH on canines and incisors is 13% higher in adult females than adult males (df= 1, FET 

p=.000). However, posterior dentition of males shows slightly higher prevalence of LEH 

than females (Table 4-7).  

LEH prevalence and age. Table 4-8 demonstrates the distribution of LEH affected 

teeth by age. Subadults and young adults show similar frequencies of teeth having at least 

one LEH event. 
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Table 4-5. Overall LEH distribution by sex 
Sex   

  Female Male Total 
LEH no LEH 784    860 1644 
  w/ LEH 202    173    375 
Total 986 1033  2019 
%    w/ LEH 20.5   16.7   18.6 

 
 
Table 4-6. LEH distribution on anterior dentition by sex 

Sex   
  Female Male Total 
LEH no LEH 187   226    413 
  w/ LEH 131     86    217 
Total 318   312    630 
%     w/ LEH 41.2  27.6   34.4 

 

 

Table 4-7. LEH distribution on posterior dentition by sex 
  Sex  
  Female Male Total 
LEH no LEH 597  634 1231 
  w/ LEH   71    87   158 
Total 668  721 1389 
%     w/ LEH 10.6 12.1  11.4 

Note: df= 1, FET p= .447 
 
About 20% of teeth from these two age groups were observed with LEH present. Only 

10% of middle adult teeth have LEH, where individuals older than 50 years of age show 

17% of their teeth affected. Prevalence of LEH across age groups is significantly 

different (X2= 24.116, df= 3, p= .000) using chi-square analysis. The prevalence of the 

middle adult group is remarkably different from other age groups represented at SSH. 

When the age groups are categorized into younger (subadults and young adults) and older 

individuals (middle and old adults), prevalence of teeth affected by LEH is significantly 

different between younger and older individuals (Table 4-9). Teeth belonging to younger 

members of the SSH population are twice as likely to be affected with LEH as teeth of 

older members (df= 1, FET p= .000).  
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To investigate the potential impact of stress load on an individual’s longevity, LEH 

prevalence in subadults was compared with that of the adults by grouping all teeth 

associated with skeletally mature individuals into one category. Here, the total number of 

teeth analyzed is slightly different from above (Table 4-10), because some individuals 

could only be distinguished as adults from subadults and could not be assigned to a finer 

age group due to the lack of reliable aging criteria. Teeth from these individuals were not 

incorporated in age group comparisons. LEH prevalence of subadult and adult teeth is 

21% and 18%, respectively, and no statistical significance was found.  

Table 4-8. Overall LEH distribution by age groups 
Age groups 

 
SA  

(0-20) 
YA  

(21-35)
MA  

(36-50) 
OA 

(50+) Total  
LEH no LEH 425 1298 389 29 2141 
  w/ LEH 112   314   43   6   475 
Total 537 1612 432 35 2616 
%    w/ LEH 20.9  19.5 10.0 17.1  18.2 

 
 
Table 4-9. Overall LEH distribution by younger (subadult and young adult) and older 

(middle adult and old adult) age groups 
   Age groups 

 SA & YA MA & OA Total  
LEH no LEH  1723  418 2141 
  w/ LEH   426    49   475 
Total 2149  467 2616 
%    w/ LEH 19.8 10.5 18.2 

 

Mean number of LEH and sex. Mean number of LEH on observed and affected teeth is 

presented in Table 4-11 and Figures 4-4 and 4-5. In both samples, males generally have 

more LEH episodes on posterior dentition than females. Maxillary third premolars are the 

most sexually dimorphic in LEH counts. Females exhibit more LEH counts on anterior 

dentition when all observed teeth are considered. Female mandibular canines, among 

others, show greater LEH per tooth than males which is of statistical significance. 
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Table 4-10. Overall LEH distribution by maturity (subadult and adult) 
Maturity 

 SA (0-20) Adult (21+) 
 

Total 
LEH no LEH 425 1732 2157 
  w/ LEH 112  371  483 
Total 537 2103 2640 
%    w/ LEH 20.9 17.6 18.3 

Note: df= 1, FET p= .91 
 

In the sample of affected teeth, teeth in almost all male tooth types, especially canines 

and incisors, show multiple LEH episodes.  

Mean number of LEH and age. Table 4-12, Figures 4-6 and 4-7 show the mean 

LEH counts of each tooth type by age. Subadults generally exhibit more or comparable 

average LEH episodes than young adults, both in observed and affected categories. The 

differences are more pronounced in the observed teeth group, although this is not 

statistical significant. Comparing data of middle adults to young adults and subadults, the 

results vary by tooth type. Middle adults have less mean LEH counts in the maxillary 

dentition when analyzed against all observable teeth, but do not show consistent trends in 

other comparisons. The unusually high number of mean LEH count of old adults is likely 

due to very small sample size, both in observable and affected teeth, and should not be 

considered a realistic reflection of the SSH population.  

In general, younger individuals (subadults and young adults) have higher numbers 

of LEH than older individuals. Due to the skewed nature of the older adults in the SSH 

sample, the Student t-test was not performed to assess the differences in LEH count 

between younger individuals and the older ones.  
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Table 4-11. Sex comparison of mean LEH count on observed and affected teeth by tooth 
types 

Mean LEH counts on observed teeth Mean LEH counts on affected teeth  
 

Male Female Male Female 

Tooth type N LEH N LEH N LEH N LEH 

UM3 63 0.13 51 0.12 7 1.14 5 1.20 
UM2 82 0.23 75 0.17 15 1.27 13 1.00 
UM1 74 0.12 79 0.08 9 1.00 6 1.00 
UP4 73 0.15 71 0.07 8 1.38 4 1.25 
UP3 73  0.19a 70  0.06a 10  1.40b 4  1.00b 

UC 69 0.65 59 0.63 25 1.80 24 1.54 
UI2 66 0.32 59 0.51 14 1.50 21 1.43 
UI1 50 0.34 53 0.58 11 1.55 22 1.41 

 
LM3 62 0.03 48 0.00 2 1.00 0 --- 
LM2 80 0.09 46 0.04 7 1.00 4 1.25 
LM1 72 0.17 42 0.10 11 1.09 6 1.00 
LP4 73 0.11 42 0.17 7 1.14 10 1.00 
LP3 68 0.24 44 0.36 11 1.45 19 1.16 
LC 59  0.68c 44  1.18c 25 1.60 45 1.62 
LI2 39 0.26 38 0.39 8 1.25 12 1.25 
LI1 29 0.14 28 0.25 2 2.00 7 1.00 

Note: Bold indicates statistical significance. a. p= .046; b. p= .037; c. p= .013 
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Figure 4-4. Sex comparison of mean LEH count on observed teeth by tooth types. 
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Figure 4-5. Sex comparison of mean LEH count on affected teeth by tooth types. 

 
To assess the relationship between number of stress episodes and longevity, mean LEH 

counts were compared between subadult and adult teeth. Results are presented in Table 

4-13. Subadults show more LEH counts than adults in the majority of tooth types when 

calculated using all observable teeth. Differences on maxillary first molars and 

mandibular fourth premolars are of statistical significance. When assessed in the affected 

teeth category, the tendency becomes less clear. Adults seem to have more multiple LEH 

episodes in each tooth than subadults do, with the difference on maxillary third premolars 

reaching statistical significance. However, the two most stress sensitive teeth, mandibular 

canines and maxillary central incisors, exhibit more LEH events on subadults than adults, 

where the difference between subadults and adults on maxillary central incisors is 

significant. 

LEH by individual count 

At the individual level, an overall percentage is not provided because not all individuals 

represented in the SSH series have their complete dentition preserved. 
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Table 4-12. Mean LEH count by age groups 

Mean number of LEH on observed teeth Mean number of LEH on affected teeth 
SA YA MA OA SA YA MA OA 

 
 

Tooth N LEH# N LEH# N LEH# N LEH# N LEH# N LEH# N LEH# N LEH#
UM3 11 0.09 88 0.11 28 0.11 4 0.00 1 1.00 9 1.11 2 1.50 0 --- 
UM2 40 0.28 115 0.21 42 0.07 4 0.25 11 1.00 20 1.20 3 1.00 1 1.00 
UM1 53 0.21 116 0.09 46 0.04 1 0.00 11 1.00 11 1.00 2 1.00 0 --- 
UP4 28 0.25 109 0.11 36 0.00 4 0.00 5 1.40 9 1.33 0 --- 0 --- 
UP3 30 0.20 114 0.15 34 0.00 2 0.00 6 1.00 13 1.31 0 --- 0 --- 
UC 37 0.78 103 0.76 24 0.08 2 1.00 19 1.53 45 1.73 2 1.00 1 2.00 
UI2 33 0.30 94 0.44 29 0.24 4 0.50 7 1.43 28 1.46 4 1.75 2 1.00 
UI1 38 0.63 81 0.54 21 0.24 0 --- 12 2.00 28 1.57 5 1.00 0 --- 

 
LM3 8 0.00 77 0.03 38 0.00 2 0.00 0 --- 2 1.00 0 --- 0 --- 
LM2 39 0.05 139 0.07 30 0.00 2 0.00 2 1.00 9 1.11 0 --- 0 --- 
LM1 62 0.10 123 0.10 22 0.18 0 --- 6 1.00 11 1.09 4 1.00 0 --- 
LP4 31 0.03 127 0.13 23 0.09 2 0.00 1 1.00 16 1.06 2 1.00 0 --- 
LP3 28 0.21 119 0.27 23 0.22 1 0.00 5 1.20 24 1.33 5 1.00 0 --- 
LC 36 0.92 100 0.97 19 0.74 3 1.00 17 1.94 60 1.62 9 1.56 2 1.50 
LI2 31 0.23 75 0.29 13 0.46 1 0.00 6 1.17 18 1.22 5 1.20 0 --- 
LI1 30 0.10 53 0.23 5 0.00 2 0.00 3 1.00 10 1.20 0 --- 0 --- 
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Counts of individuals are utilized when reporting the prevalence. As reported earlier, two 

individuals with deciduous teeth have LEH. Therefore, only individuals with permanent 

dentition are incorporated in this section. Sample size of each tooth type varies depending 

on preservation, particular dental anatomy of the tooth (e.g., number of roots, shape and 

thickness of enamel), resistance against attrition and eruption sequence. Percentages here 

are for descriptive purposes, and should not be read as overall SSH LEH prevalence at 

the individual level. As shown in Table 4-14, posterior dentition, especially molars are 

best preserved. There are fewer individuals with available anterior dentition.  

Overall assessment. Table 4-14 and Figure 4-8 show the proportion of individuals 

who are present/absent with at least one LEH episode. Individuals were incorporated in 

the sample if one or both sides of a particular tooth type were available for observation. 

In agreement with findings presented by tooth counts, canines and incisors are the most 

affected teeth by individual assessment. Among 110 individuals with at least one 

maxillary canine preserved, 48% of them are affected with LEH. Sixty-two percent of 

individuals exhibit LEH on at least one mandibular canine. While posterior dentition is 

less likely affected, it is not free from manifesting enamel defects during stress events.  

Among individuals with LEH, the vast majority are affected with one episode (Table 

4-14 and Figure 4-9). More than two LEH episodes are rarely observed on posterior 

dentition. One individual was found with three LEH events on maxillary second molar, 

and another two show three LEH events on his/hers mandibular third premolar. Multiple 

LEH episodes are frequently present on anterior dentition. For the canines, more than 

50% of individuals that are affected with LEH have two or more LEH counts. Five 
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individuals exhibit four episodes on their canines, indicating recurring stress events. Only 

one of these individuals failed to survive to adulthood.  

LEH prevalence and sex. Distribution of LEH prevalence among sexes in each 

tooth type is presented in Table 4-15 and Figure 4-10. On maxillary posterior dentition 

and mandibular molars, males are more likely to be affected with LEH events than 

females, although the differences are not statistically significant. Females, in contrast, 

more frequently exhibit LEH episodes on their anterior teeth. All six anterior tooth types 

affected universally show higher proportions in female than in male individuals, 

particularly with mandibular canines.  

Despite preservation bias and uneven tooth counts, there are 102 individuals (1/3 of 

all SSH human remains recovered) affected with at least one LEH episode on at least one 

tooth. Among them, there are 37 adult females, 29 adult males and 26 subadults of 

unknown sex.   

LEH prevalence and age. Table 4-15 and Figure 4-11 demonstrate the age 

distribution of individuals affected with LEH events. Subadults and young adults 

contribute to the vast majority of the affected individuals. In particular, the young adult 

age group is most likely to be observed with one or more linear enamel defects. Middle 

and old adults are much less affected by LEH.  

LEH prevalence and age. Table 4-15 and Figure 4-11 demonstrate the age 

distributions of individuals affected with LEH events. Subadults and young adults 

contribute to the vast majority of the affected individuals. In particular, the young adult 

age group is most likely to be observed with one or more linear enamel defects. Middle 

and old adults are much less affected by LEH.  
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Figure 4-6. Age comparison of mean LEH count on observed teeth by tooth types. 
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Figure 4-7. Age comparison of mean LEH count on affected teeth by tooth types.  
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Table 4-13. Comparison of mean LEH count on subadults and adults 
Mean number of LEH on observed teeth Mean number of LEH on affected teeth 

Subadult Adult Subadult Adult 
 
 

Tooth N LEH# N LEH# N LEH# N LEH# 
UM3 11 0.09 121 0.11 1 1.00 11 1.18 
UM2 40 0.28 162 0.18 11 1.00 25 1.16 
UM1  53a  0.21a  164a  0.09a 11 1.00 14 1.00 
UP4 28 0.25 153 0.08 5 1.40 9 1.33 
UP3 30 0.20 151 0.11  6c  1.00c  13c  1.31 c 
UC 37 0.78 132 0.66 19 1.53 51 1.71 
UI2 33 0.30 130 0.40 7 1.43 36 1.44 
UI1 38 0.63 105 0.47  12d  2.00d  33d  1.48d 

 
LM3 8 0.02 119 0.00 0 --- 2 1.00 
LM2 39 0.07 162 0.05 2 1.00 10 1.10 
LM1 62 0.10 145 0.11 6 1.00 15 1.07 
LP4  31b  0.12b  163b  0.03b 1 1.00 18 1.06 
LP3 28 0.21 144 0.26 5 1.20 29 1.28 
LC 36 0.92 122 0.93 17 1.94 71 1.61 
LI2 31 0.32 87 0.23 6 1.17 23 1.22 
LI1 30 0.20 60 0.10 3 1.00 10 1.20 

Note: Bold indicates statistical significance. a. p= .047; b. p= .035; c. p= .04; d. p= .024.  
 
 
Table 4-14. LEH distribution by individual count  

 LEH absent/present  
Tooth 

Individual 
observed No LEH 1 LEH 2 LEHs 3 LEHs 4 LEHs 

UM3 88 79 7 2 0 0 
UM2 128 101 24 2 1 0 
UM1 135 116 19 0 0 0 
UP4 123 112 7 4 0 0 
UP3 114 102 10 2 0 0 
UC 110 57 22 23 6 2 
UI2 106 72 21 10 3 0 
UI1 96 62 18 11 5 0 

       
LM3 88 86 2 0 0 0 
LM2 124 114 9 1 0 0 
LM1 124 109 14 1 0 0 
LP4 112 97 14 1 0 0 
LP3 112 85 22 3 2 0 
LC 97 37 27 19 10 4 
LI2 75 53 17 5 0 0 
LI1 56 48 7 1 0 0 
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Figure 4-8. LEH distribution by individual count.  

 
 

0

10

20

30

40

50

60

UM3 UM2 UM1 UP4 UP3 UC UI2 UI1 LI1 LI2 LC LP3 LP4 LM1 LM2 LM3

Tooth type

N
um

be
r o

f i
nd

iv
id

ua
ls

4 episodes
3 episodes
2 episodes
1 episode

 
Figure 4-9. Distribution of LEH episodes according to tooth type. 
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Table 4-15. LEH distribution by sex and age groups by number of individuals 
Sex Age groups  

Male Female SA YA MA OA 
UM3 5 4 1 7 1 0 
UM2 10 11 7 16 2 1 
UM1 9 4 7 10 1 0 
UP4 6 3 4 7 0 0 
UP3 5 3 4 8 0 0 
UC 17 18 15 33 2 1 
UI2 12 15 7 27 3 2 
UI1 9 15 9 20 4 0 

       
LM3 2 0 0 2 0 0 
LM2 6 3 2 7 0 0 
LM1 7 6 3 9 3 0 
LP4 5 8 1 12 2 0 
LP3 8 15 5 18 4 0 
LC 18 28 13 39 7 1 
LI2 6 9 5 14 3 0 
LI1 1 4 2 6 0 0 
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Figure 4-10. Sex comparison of LEH distribution among tooth types by number of 

individuals. 
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Timing of LEH formation 

 Two methods for correlating LEH to developmental age are followed in this 

study. The regression formulae of Goodman et al. (1980) and charts produced by Reid 

and Dean (2000) have been modified by substituting in SSH unworn crown heights. 

Overall distribution of LEH formation time by tooth type is presented separately by 

method. To provide for an aggregated pattern of childhood stress at the population level, 

individual counts are used. Distribution of LEH by developmental zones is then 

compared between sexes. However, data are assessed by utilizing count of LEH episodes 

in each developmental zone in attempt to limit potential bias created by small sample size 

when individual counts were divided into sex groups. 
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Figure 4-11. Age comparison of LEH distribution among tooth types by number of 

individuals.  

Overall assessment 

Method one: Goodman et al. (1980). Using formulae modified from Goodman 

and colleagues (1980), half-year intervals of LEH timing is adopted. Numbers of 

individuals that exhibit LEH episodes in particular developmental zones across tooth 
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types are presented in Table 4-16. Figure 4-12 graphically illustrate the data by tooth 

type. Third molars were not assessed for LEH formation timing due to the lack of 

reference formulae.  

LEH are generally less likely to be observed during initial or terminal crown 

formation periods. Most LEH episodes are formed on the mid-third of the crown 

dimension. This is especially the case on the maxillary dentition. While crown formation 

times vary by tooth type, maxillary dentition seems to record a trend that individuals tend 

to suffer from stress loads between 2.0 to 4.0 years of age, especially between 3.5 to 4.0 

years. Maxillary second molars are affected with LEH events later than other tooth types 

and show peak LEH formation between 5.0 to 5.5 years.  

The mandibular dentition, in contrast, does not show a clear pattern of defect 

formation as peak duration of LEH formation is more varied. Individuals between 2.0 to 

5.0 years are more prone to LEH formation, while the period of 3.0 to 3.5 has relatively 

fewer of LEH events. Interestingly, mandibular fourth premolars develop more LEHs at 

the sixth year postpartum.  

Method two: Reid and Dean (2000). Reid and Dean (2000) divide a tooth crown 

into ten zones of equal length. Developmental age of each zone varies by tooth type. 

Figures 4-13 and 4-14 represent age patterns of LEH formation by number of individuals 

on the maxillary and mandibular dentition, respectively. Number of individuals (N) 

incorporated in this method of each tooth type is the same with that used in the previous 

method. Most LEH episodes are observed on the mid-third of a tooth crown and continue 

to appear on zones near the cemento-enamel junction. Individuals with LEH events on 

the occlusal end of a crown are observed less frequently. 
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Table 4-16. Developmental zones of LEH formation across tooth types using modified 
method from Goodman et al. (1980), by number of individuals  

Tooth 
     

(N) 
Zone 

UM2 
(26) 

UM1 
(18) 

UP4 
(9) 

UP3 
(11) 

UC 
(46) 

UI2 
(33) 

UI1 
(31) 

7.0-7.5 0       
6.5-7.0 0       
6.0-6.5 9       
5.5-6.0 6  0 0 1   
5.0-5.5 11  2 0 3   
4.5-5.0 3  3 4 2   
4.0-4.5 1  2 3 16 1 1 
3.5-4.0 0  4 6 22 17 6 
3.0-3.5 0 1 1 0 11 14 17 
2.5-3.0  2 0 0 15 15 13 
2.0-2.5  7  0 3 4 12 
1.5-2.0  6   6 1 0 
1.0-1.5  1   0 0 1 
0.5-1.0  1   0  0 
0.0-0.5  0   0  0 

        
 LM2 

(10) 
LM1 
(14) 

LP4 
(14) 

LP3 
(26) 

LC 
(56) 

LI2 
(21) 

LI1 
(7) 

0.0-0.5  0    0 0 
0.5-1.0  0   0 0 0 
1.0-1.5  2  0 0 0 0 
1.5-2.0  2  0 0 0 0 
2.0-2.5  4 0 1 7 7 2 
2.5-3.0  7 0 4 3 11 5 
3.0-3.5 0 0 0 3 11 3 0 
3.5-4.0 0  1 10 8 0 0 
4.0-4.5 4  2 6 25   
4.5-5.0 1  2 3 29   
5.0-5.5 2  3 5 14   
5.5-6.0 2  5 1 5   
6.0-6.5 2  1  1   
6.5-7.0 0  1     

Note: Bold indicates the most affected zone in a tooth type.  
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Figure 4-12. Developmental zones of LEH formation among tooth types using modified method of Goodman et al. (1980). 
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Figure 4-12. Developmental zones of LEH formation among tooth types using modified method of Goodman et al. (1980). Continued. 
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Figure 4-12. Developmental zones of LEH formation among tooth types using modified method of Goodman et al. (1980). Continued. 
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Figure 4-12. Developmental zones of LEH formation among tooth types using modified method of Goodman et al. (1980). Continued.  
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All anterior tooth types, with the exception of the maxillary lateral incisor, show peak 

LEH formation at the seventh zone, 2.9 to 3.8 years on maxillary dentition and 2.3 to 4.2 

years on mandibular dentition. Most SSH individuals exhibit LEH episodes on their 

anterior dentition between the age of 2.0 to 5.0 years. Figure 4-15 is a graphical 

demonstration of LEH formation time by tooth types following Reid and Dean’s method.  

Sex comparisons of LEH formation time 

Method one: Goodman et al. (1980). Figures 4-16 and 4-17 show age patterns of 

LEH formation in males and females calculated by regression formulae. Peak LEH 

formation times vary by tooth type for male maxillary dentition, while two clusters of 

peak timing are distinguished at 2.5-3.0 and 3.5-4.0 years. For male mandibular dentition, 

age ranges of 2.0-2.5 and 4.0-4.5 years for peak LEH formation are observed. In females, 

the maxillary dentition exhibits peak LEH formation between 3.0 to 4.0 years, and the 

mandibular dentition shows 2.5-3.0 and 4.5-5.0 year peaks. 

Figure 4-18 presents clear sex differences with respect to LEH formation time by 

tooth type. Peak LEH formation zones in five female anterior tooth types appear 0.5 to 

1.0 year later than in males. Female individuals show LEH present between 2.0 to 4.0 

years, while on mandibular canines LEH are observed between 2.0 to 6.0 years. Male 

individuals show slightly earlier LEH formation peaks than females, ranging from 1.5 to 

3.5 years.  

Maxillary and mandibular canines record peak LEH formation time much later in 

both sexes than incisors do. Males exhibit a slightly later LEH peak on the maxillary 

canines at 3.5 to 4.0 years, while females form most of the enamel defects 0.5 years 

before males. 
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Figure 4-13. Age patterns by number of individuals of LEH formation among maxillary 

anterior tooth types using modified charts from Reid and Dean (2000).  
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Figure 4-14. Age patterns by number of individuals of LEH formation among mandibular 

anterior tooth types using modified charts from Reid and Dean (2000).
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Figure 4-15. Developmental zones of LEH formation of each tooth type using modified 

charts from Reid and Dean (2000). Counted by number of individuals.  
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Figure 4-15. Developmental zones of LEH formation of each tooth type using modified 
charts from Reid and Dean (2000). Counted by number of individuals.  
Continued.
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Figure 4-16. Age patterns of LEH on male anterior dentition using modified method of 

Goodman et al. (1980).  
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Figure 4-17. Age patterns of LEH on female anterior dentition using modified method of 

Goodman et al. (1980).  

 
In the case of mandibular canines, females have an LEH formation peak between 4.5 to 

5.0 years and male peaks appear 0.5 years earlier than females. Overall, based on the 

regression formula modified from Goodman et al. (1980), a trend can be detected that 
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peak LEH formation periods on anterior dentition is 0.5 years earlier in males than 

females. 

Method two: Reid and Dean (2000). Figures 4-19 and 4-20 are age distributions 

of LEH formation zones of male and female dentition derived from modified charts of 

Reid and Dean (2000). Male maxillary dentition shows peak LEH formation at the 7th 

zone, between 2.9 to 3.8 years. Most LEH are formed between 2.0 to 4.3 years. The LEH 

formation peak is at the 7th (3.6-4.2 years) and 6th (2.1-2.4 years) zone of male 

mandibular canines and lateral incisors, respectively. Female anterior dentition shows a 

similar pattern (Figure 4-20). Peak LEH formation zones occur in the 7th and 8th zones, 

whose developmental ages range from 2.9-4.3 years on maxillary teeth, and 2.3-4.9 years 

on mandibular teeth. Most LEH are observed between 1.7 to 5.6 years. 

Both males and females tend to have enamel defects on the mid-third of the tooth 

crown. Zones towards the cemento-enamel junction are more prone to LEH formation 

than the occlusal end of the crown. The 7th zone is the region where most enamel defects 

aggregate. Sex comparisons of LEH formation time on each anterior tooth type are shown 

in Figure 4-21. Peak LEH formation zones overlap for male and female tooth crowns. 

Age patterns of LEH formation on maxillary dentition are similar in both sexes, where 

peak LEH formation time falls on the same developmental zone of a particular tooth type. 

In terms of mandibular dentition, females show later peak LEH formation than males for 

canines and lateral incisors, with the difference ranging from 0.5 to 1 year in duration. 

Porotic Hyperostosis 

Results of porotic hyperostosis are presented by individual counts. The observed 

sample reflects individuals with at least one side of orbital roof preserved and at least one 

side of the parietal bones available for observation. 
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Figure 4-18. Sex comparison on age patterns of LEH by tooth types using modified 

method of Goodman et al. (1980). 
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Figure 4-18. Sex comparison on age patterns of LEH by tooth types using modified 

method of Goodman et al. (1980). Continued.
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If an individual has only part of the occipital bone present, the individual is not counted 

in the vault sample (Wright, 1994). In the same vein, the prevalence of individuals 

affected with porotic hyperostosis on the orbital roof and/or vault is calculated using 

individuals whose orbital roof and parietal bones are present. Finally, when the overall 

prevalence of porotic hyperostosis is considered regardless of lesion location, individuals 

are eligible when either one side of the orbital roof or one side of the parietal is 

observable. 

Table 4-17 reveals that 126 out of 306 (42%) identified individuals from the SSH 

site have at least one orbital roof or one parietal bone preserved. Twenty-three percent of 

the 126 individuals are affected with porotic hyperostosis on either the vault bones, the 

orbital roof, or both. One-third of 81 individuals show orbital lesions, although 

appearance of cranial porotic hyperostosis is rarely seen. Individuals affected with porotic 

hyperostosis on both the vault and the orbital roof are rare.  

When the prevalence of porotic hyperostosis is considered by sex, males and 

females are similarly affected (23% and 24%, respectively). There is no statistical 

significance on the prevalence of cribra orbitalia among the sexes. Since cranial porotic 

hyperostosis in the SSH population is rare, it is not surprising to find that prevalence 

between the sexes is not substantial. Males in general have slightly more orbital lesions, 

and female cranial bones are affected more often. 

Porotic hyperostosis activity is an indicator of the progression of anemic 

conditions. 

 



 

 

72

0

5

10

15

20

25

   1st      
1.7-1.9    
1.8-2.0    
1.1-1.3     

   2nd     
1.9-2.2    
2.0-2.2    
1.3-1.6     

   3rd     
2.2-2.4    
2.2-2.4    
1.6-1.8     

   4th     
2.4-2.7    
2.4-2.7    
1.8-2.0     

   5th     
2.7-3.0    
2.7-2.9    
2.0-2.4     

   6th     
3.0-3.4    
2.9-3.3    
2.4-2.9     

   7th     
3.4-3.8    
3.3-3.7    
2.9-3.4     

   8th     
3.8-4.3    
3.7-4.1    
3.4-3.9     

   9th     
4.3-4.8   
4.1-4.6   
3.9-4.4   

10th      
4.8-5.3   
4.6-5.1   
4.4-5.0   

Developmental age

N
um

be
r o

f L
EH

s

UC
UI2
UI1

 

 

0

5

10

15

20

25

   1st        
1.5-1.7    
1.0-1.1    
1.0-1.1     

   2nd     
1.7-2.0    
1.1-1.3    
1.1-1.3     

   3rd     
2.0-2.3    
1.3-1.5    
1.3-1.5     

   4th     
2.3-2.7    
1.5-1.8    
1.5-1.7     

   5th     
2.7-3.1    
1.8-2.1    
1.7-2.0     

   6th     
3.1-3.6    
2.1-2.4    
2.0-2.3     

   7th     
3.6-4.2    
2.4-2.8    
2.3-2.6    

   8th     
4.2-4.9    
2.8-3.3    
2.6-3.0    

   9th     
4.9-5.6    
3.3-3.7    
3.0-3.4     

   10th     
5.6-6.2    
3.7-4.2    
3.4-3.8     

Developmental age

N
um

be
r o

f L
EH

s

LC
LI2
LI1

 
Figure 4-19. Age patterns of LEH on male anterior dentition using modified charts of 

Reid and Dean (2000).  
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Figure 4-20. Age patterns of LEH on female anterior dentition using modified charts of 

Reid and Dean (2000).  
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Figure 4-21. Sex comparison on age patterns of LEH by tooth types using modified 

charts of Reid and Dean (2000). 
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A healed bony lesion suggests that an individual overcame the anemic events and lived a 

period of anemia-free life before their death. The affected areas are therefore able to be 

remodeled and healed by osteoblast activity and bone maintenance and repair. As 

opposed to healed lesions, unhealed lesions are indicative of active or progressive anemic 

episodes. Individuals with active lesions observable are interpreted as having suffered 

from anemic conditions at the time of death perimortem. It should also be noted that 

anemia is not always the cause of death for an individual. 

Table 4-18 presents differences by sex of the activity of porotic hyperostosis on the 

orbital region. Among individuals affected (N=19) whose sex can be determined, 10 have 

active lesions. The number of female individuals (N=8) is four times higher than male 

individuals (N=2). Males are more likely to be observed with healed lesions. 

Approximately 90% of females exhibit active orbital porotic hyperostosis, while only 

20% of males exhibit active orbital lesions. The difference of prevalence between the 

sexes is statistically significant. For cranial porotic hyperostosis, all individuals affected 

(N=7) show healed bony lesions. 

 
Table 4-17. Distribution of porotic hyperostosis according to sex and location 

 Males Females  All FET  
 A/Oa % A/O % A/O %      Probability 

PH on orbit 10/32 31.3 9/34 26.5 26/81 32.1 .787 
PH on vault 2/45  4.4 5/44 11.4 7/119  5.9 .266 

Orbit & vault 1/30  3.3 3/33  9.1 4/76  5.3   .614 b 

Location pooled 11/47 23.4 11/45 24.4 29/126 23.0 1.000 
Note: a. A/O= Affected/Observed; b. Two cells have expected counts less than 5. All 
chi-square analyses were performed at 1 degree of freedom.  
 

Prevalence of porotic hyperostosis among age groups is presented in Table 4-19. 

Almost all lesions are observed on subadults and young adults. Middle and old adults are 

rarely affected. Only two individuals in the older age groups have porotic hyperostosis. 
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Table 4-18. Distribution of orbital lesions by sex and healing stages 
Sex   

  Female Male Total  
Active 8 2 10 Activity 

  Healed 1 8 9 
Total 9 10 19 
%       Active 88.9 20.0 47.4 

Note: df= 1, FET p= .005. Expected counts in most cells are less than 5. 
 

Subadults have a slightly higher incidence (47%) of orbital lesions than young adults 

(44%). Porotic hyperostosis, in contrast, is found more frequently on cranial bones of 

young adults than in subadults. In fact, no subadults are observed with cranial lesions. 

Overall, the prevalence of porotic hyperostosis in young adults (35%) is 13% higher than 

that of the subadults (22%).  

Table 4-19. Distribution of porotic hyperostosis according to age groups and location by 
number of individuals 

 SA YA MA OA Chi-square 
 A/Oa % A/O % A/O % A/O % X2 p 

PH on orbit 8/17 47.1 17/39 43.6 1/20 5.0 0/4 0.0 12.649 .005 b 
PH on vault 0/32  0.0 6/47 12.8 1/26 3.8 0/4 0.0 5.183 .159 b 

Orbit & vault 0/15  0.0 4/37 10.1 0/19 0.0 0/4 0.0 --- --- 
Location pooled 8/36 22.2 19/55 34.9 2/28 7.1 0/4 0.0 9.140 .027 b 

Note: a. A/O= Affected/Observed; b. One or more cells have expected counts less than 5. 
All chi-square analyses were performed at 3 degree of freedom.  

 
To determine the significance of LEH prevalence between subadults and adults, all 

skeletally mature individuals that satisfy the selection criteria for porotic hyperostosis 

observation are combined (Table 4-20). Adults have a higher prevalence (31%) of the 

lesion than subadults (22%), but this trend is not statistically significant. Subadults have a 

higher (47%) incidence of cribra orbitalia than do adults (40%), although is not 

significant. Among the affected subadult individuals, 63% (N=5) have at least one active 

orbital lesion. In the case of adults, 56% (N=8) of the affected individuals have active 
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lesions. There is no significant statistical difference between activity and maturity (Tables 

4-21). 

Table 4-20. Distribution of porotic hyperostosis according to maturity and location by 
number of individuals 

 Subadult Adult All FET  
 A/Oa % A/O % A/O % Probability 

PH on orbit 8/17 47.1 18/46 39.1 26/81 32.1 .154 
PH on vault 0/32  0.0 7/79  8.9 7/111  6.3 .187b 

Orbits & vault 0/15  0.0 4/61  6.6 4/76  5.3 --- 
Location pooled 8/36 22.2 21/68 30.9 29/125 23.2 1.000 
Note: a. A/O= Affected/Observed; b. One cell has expected counts less than 5. All 
chi-square analyses were performed at 1 degree of freedom. 
 

Table 4-21. Distribution of orbital lesions by maturity and healing stage by number of 
individuals 

Maturity   
  Subadult Adult Total 
Activity Active 5 10 15 
  Healed 3 8 11 
Total 8 18 26 
%        Active 62.5 55.6 57.7 

Note: df= 1, FET p= 1.000. 
 

Comobidity of LEH and Porotic Hyperostosis 

Although the etiologies of LEH and porotic hyperostosis are different, they are well 

known as general stress indicators for a population. Prevalence of LEH measures 

non-specific stress during childhood, while the presence of porotic hyperostosis is a 

marker of anemic events. If a positive relationship between prevalence of the two lesions 

is found, it seems reasonable to argue that individuals with enamel defects have been 

“weakened” by childhood stress episodes and are less effective in coping with anemic 

conditions. Skeletal lesions of porotic hyperostosis are therefore manifested. 

To examine this argument, individuals with at least one tooth and at least one 

portion of parietal or orbital areas preserved are included in the correlation test. Table 
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4-22 shows the individual counts of both lesions and the statistics. Among 113 eligible 

individuals, about one-fifth of them have both lesions, while more than half (52%) of 

them have either lesion present. Pearson correlation suggests no relationship between the 

appearance of LEH and porotic hyperostosis. While low prevalence of porotic 

hyperostosis in the SSH population could have an effect on the test, the tendency that 

individuals affected with LEH are more likely to have porotic hyperostosis does not hold 

in the SSH population.  

Table 4-22. Correlation between the occurrence of LEH and porotic hyperostosis by 
number of individuals 

 PH present PH absent Total 
 N % N % N % 
LEH present 21 18.6 52 46.0 73 64.6 
LEH absent 7 6.2 33 29.2 40 35.4 
Total 28 24.8 85 75.2 113 100.0 

Pearson 
R2= 
.125  
p= .188 

Note: PH= porotic hyperostosis. 
 

Dental Pathology 

Dental Caries 

Dental caries is a pathology that has been widely used in investigating problems 

related to subsistence, general health and oral behavior. Caries rate in this study is 

assessed as observed caries rate. The “corrected caries rate” method proposed by Lukacs 

(1995) is not used due to extremely low incidence of caries-induced pulp cavity exposure 

(1 out of 41 teeth), and low antemortem tooth loss (47 teeth).  

Among the deciduous dentition, six teeth are carious, mostly located on the 

posterior teeth (Table 4-23). The affected teeth belong to 3 individuals. Overall caries 

rate of the deciduous teeth is 2.4% (6/249). 

Observed caries rates of each permanent tooth type are presented in Table 4-24. 

Caries rate of permanent maxillary dentition is 0.5% (7/1452) and 0.9% (11/1226) on 
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mandibular dentition. Overall caries rate of the SSH permanent teeth is 0.7% (18/2678). 

The carious teeth belong to 11 individuals. Caries lesions are mostly located on the 

occlusal surfaces and buccal side of the tooth crowns. All caries appear on the posterior 

dentition, where molars are the most affected tooth types.  

Dental Calculus 

Dental calculus is a good indicator of food composition and oral hygiene of a 

population. Only one deciduous lower first molar has calculus present. Prevalence of 

moderate to severe calculus accumulation on permanent teeth is shown in Table 4-25. 

Calculus appears more frequently on the anterior teeth. About 22% to 34% of anterior 

dentition is affected with moderate to severe dental calculus. Molars, especially third 

molars, are the least affected tooth types. A clear trend is observed on mandibular 

dentition that the prevalence decreases when one moves from incisors to molars. 

Maxillary dentition is more likely to have calculus present (26.2%, 380/1452) than 

mandibular dentition (17.7%, 251/1419). Overall prevalence of dental calculus of the site 

is 22.2% (631/2871).  

Dental Abscessing 

An abscessed tooth can result from various causes, including severe periodontal 

disease, dental caries, infection and exposed pulp cavity. With the alveoli being affected 

and eroded below normal height of the alveolar process, abscessed teeth are likely to be 

lost antemortem. Severe dental abscessing, if left untreated, could result in soft tissue 

infection and may ultimately lead to death. Prevalence of dental abscessing of a 

population is therefore indicative of its distribution of severe and long-term oral 

pathologies.    
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No abscessing is found on deciduous teeth. Table 4-26 presents prevalence across 

tooth types of permanent dentition. Only five teeth are affected with abscessing. Overall 

prevalence is extremely low (0.2%, 5/2871). Abscessing is located on the buccal side of 

the alveolar process. 
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Table 4-23. Prevalence of dental caries on deciduous dentition by tooth count 
 

Maxillary dentition 
 m2 m1 c i2 i1 
 CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% 

R 0 
22 

0 1 
20 

5.0 0 
14 

0 0 
2 

0 1 
5 

20.0 

L 1 
21 

4.8 0 
19 

0 0 
11 

0 0 
4 

0 0 
6 

0 

Pooled 1 
43 

2.3 1 
39 

0 0 
25 

0 0 
6 

0 1 
11 

9.1 

 
 
Mandibular dentition 

 m2 m1 c i2 i1 
 CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% 

R 1 
27 

3.7 1 
23 

4.3 0 
12 

0 0 
4 

0 0 
4 

0 

L 1 
21 

4.8 0 
19 

0 0 
9 

0 0 
3 

0 0 
3 

0 

Pooled 2 
48 

4.2 1 
42 

2.4 0 
21 

0 0 
7 

0 0 
7 

0 

Note: CAR= teeth affected with carious lesion; OBS= observed teeth. 
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Table 4-24. Prevalence of dental caries on permanent dentition by tooth count 
 
Maxillary dentition 

 M3 M2 M1 P4 P3 C I2 I1 
 CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% 

R 2 
66 

3.0 2 
106 

1.9 1 
117 

0.9 1 
97 

1.0 1 
99 

1.0 0 
99 

0 0 
77 

0 0 
63 

0 

L 2 
55 

3.6 2 
105 

1.9 0 
111 

0 0 
96 

0 0 
94 

0 0 
91 

0 0 
77 

0 0 
66 

0 

Pooled 4 
121 

3.3 4 
211 

1.9 1 
228 

0.4 1 
193 

0.5 1 
193 

0.5 0 
190 

0 0 
154 

0 0 
129 

0 

 
 
Mandibular dentition 

 M3 M2 M1 P4 P3 C I2 I1 
 CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% CAR 

OBS 
% 

R 2 
66 

3.0 2 
106 

1.9 1 
117 

0.9 1 
97 

1.0 1 
99 

1.0 0 
99 

0 0 
77 

0 0 
63 

0 

L 2 
55 

3.6 2 
105 

1.9 0 
111 

0 0 
96 

0 0 
94 

0 0 
91 

0 0 
77 

0 0 
66 

0 

Pooled 4 
121 

3.3 4 
211 

1.9 1 
228 

0.4 1 
193 

0.5 1 
193 

0.5 0 
190 

0 0 
154 

0 0 
129 

0 
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Table 4-25. Prevalence of dental calculus on permanent dentition by tooth count 
 
Maxillary dentition 

 M3 M2 M1 P4 P3 C I2 I1 
 CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% 

R 4 
65 

6.2 27 
98 

27.6 36 
108 

33.3 28 
98 

28.6 31 
97 

32.0 29 
95 

30.5 24 
88 

27.3 22 
83 

26.5 

L 6 
61 

9.8 27 
101 

26.7 40 
108 

37.0 59 
92 

31.1 28 
92 

30.4 34 
92 

37.0 20 
86 

23.3 21 
88 

23.9 

Pooled 10 
126 

7.9 54 
199 

27.1 76 
216 

35.2 31 
190 

32.0 59 
189 

31.2 63 
187 

33.7 44 
174 

25.3 43 
171 

25.2 

 
 
Mandibular dentition 

 M3 M2 M1 P4 P3 C I2 I1 
 CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% CAL 

OBS 
% 

R 8 
66 

12.1 10 
106 

9.4 13 
117 

11.1 13 
97 

13.4 12 
99 

12.1 21 
99 

21.2 21 
77 

27.3 21 
63 

33.3 

L 6 
55 

10.9 13 
105 

12.4 17 
111 

15.3 18 
96 

18.8 18 
94 

19.2 21 
91 

23.1 19 
77 

24.7 20 
66 

30.3 

Pooled 14 
121 

11.6 23 
211 

10.9 30 
228 

13.2 31 
193 

16.1 30 
193 

15.5 42 
190 

22.1 40 
154 

26.0 41 
129 

31.8 

Note: CAL= teeth affected with moderate to severe dental calculus; OBS= observed teeth. 
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Table 4-26. Prevalence of dental abscessing on permanent dentition by tooth count 
 
Maxillary dentition 

 M3 M2 M1 P4 P3 C I2 I1 
 ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% 

R 0 
65 

0 0 
98 

0 0 
108 

0 0 
98 

0 0 
97 

0 0 
95 

0 0 
88 

0 0 
83 

0 

L 0 
61 

0 0 
101 

0 2 
108 

1.9 0 
92 

0 0 
92 

0 0 
92 

0 0 
86 

0 0 
88 

0 

Pooled 0 
126 

0 0 
199 

0 2 
216 

0.9 0 
190 

0 0 
189 

0 0 
187 

0 0 
174 

0 0 
171 

0 

 
Mandibular dentition 

 M3 M2 M1 P4 P3 C I2 I1 
 ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% ABS 

OBS 
% 

R 0 
66 

0 1 
106 

0.9 0 
117 

0 0 
97 

0 0 
99 

0 0 
99 

0 0 
77 

0 0 
63 

0 

L 0 
55 

0 0 
105 

0 0 
111 

0 1 
96 

1.0 0 
94 

0 1 
91 

1.1 0 
77 

0 0 
66 

0 

Pooled 0 
121 

0 1 
211 

0.5 0 
228 

0 1 
193 

0.5 0 
193 

0 1 
190 

0.5 0 
154 

0 0 
129 

0 

Note: ABS= teeth affected with dental abscessing; OBS= observed teeth. 
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CHAPTER 5 
DISCUSSION 

To reconstruct the SSH diet and facilitate interpretation of LEH and porotic 

hyperostosis patterning in biocultural context, prevalence of dental pathology and its 

implication on SSH subsistence is first discussed below. Prenatal and childhood stress 

patterns, based on LEH prevalence and chronological patterns of LEH formation, are then 

examined. The relationship of LEH incidence (childhood morbidity) and mortality is 

reviewed and the prevalence and distribution of porotic hyperostosis is considered with 

respect to anemia and its potential etiology. Lastly, overall childhood morbidity is 

assessed and a general pattern of SSH childhood stress is presented.  

Dental Pathology and SSH Diet 

The structures of the mouth and the teeth are the primary recipients and processors 

of all food consumed. As such, dental pathology is one of the best tools for biological 

anthropologists to assess eating habits of an individual, and the dietary patterns of a 

population. Three dental pathologies are assessed in this study; dental caries, dental 

calculus and abscessing. It widely accepted, especially in New World studies, that the 

occurrence of dental caries increases with the intensification of agriculture (Cohen and 

Armelagos, 1984; Larsen, 1997). Agricultural products, particularly maize, are more 

cariogenic due to their high carbohydrate and sugar content. In a widely cited paper, 

Turner (1979) collected a series of population caries rates among societies with various 

subsistence strategies. The data exhibit a clear trend that hunter-gatherers have lower 

caries rates by tooth count (0 to 4.6%), while people in agricultural societies have higher 
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caries rates (2.3 to 26.9%). Caries rates for people with a subsistence mixed economy fall 

in between the previously mentioned rates. Dental calculus is the accumulation and 

calcification of food residues and is related to the consistency of food consumed. Soft and 

sticky food tends to get caught around the gum line, while coarse foods are more 

effective at preventing food remains from accumulating. Although not strictly a 

pathology, prevalence of dental calculus is affected by oral pH. Calcification of food 

residues is more likely to occur in a higher pH, alkaline, environment. Dental abscessing 

is a severe periodontal pathology caused by various etiologies and could lead to 

antemortem tooth loss and/or systemic infection. These acquired dental conditions are 

commonly used in bioarchaeological studies when assessing overall oral health for a 

population (Littleton and Frohlich, 1993; Manzi et al., 1999). 

The caries rate in the SSH population is extremely low, only 0.7% of teeth and 11 

adult individuals were affected with caries. One case out of 41 teeth showed an exposed 

pulp cavity was caused by caries. The caries rate observed on the deciduous teeth is 2.4% 

and 3 children were affected. This observation is comparable with results presented in 

Pietrusewsky and Tsang (2003), however is lower than results presented in Chang (1993). 

Twenty two percent of permanent teeth are observed with moderate to severe dental 

calculus, a value that is intermediate between the findings of previous studies on the SSH 

remains. As noted by both aforementioned studies, dental abscessing is a rare 

phenomenon. Only 0.4% of teeth are affected as determined from results presented in this 

study.  

The dietary patterns of SSH people can be inferred from these findings. An 

extremely low caries rate suggests they relied mostly on food that was hunted and/or 
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gathered from natural sources. Site location and recovered faunal remains at the SSH site 

indicate a subsistence pattern dependent on marine resources. Marine foodstuffs were 

effective resources to exploit in the warm, tropical coastal and estuarine setting around 

SSH site. Recovered remains of a wide range of marine faunal species and the presence 

of abundant shell mounds support such an environment. 

In terms of cultigens, only rice grains were preserved at SSH site although clear 

signs of domestication and abundance remain unclear. Although a nearby site has yielded 

clear evidence of rice agriculture about 2000 years before SSH site (Wang, 1984), there is 

no safe ground to assume that the SSH people were intentionally cultivating rice for 

consumption. Tsang (2001) suggests that rice grains found at the SSH site were probably 

used for making beer rather than for food consumption, which is a very common practice 

among Taiwanese Aborigines. Therefore, even if rice was consumed by the SSH people, 

it does not seem to have been a staple crop, particularly when one considers the evidence 

for marine-oriented site location and the lack of direct evidence for rice agriculture.  

Tayles et al. (2000) find relatively low caries rates in prehistoric agricultural sites 

from Thailand and propose that rice itself has low intrinsic cariogenicity. If crudely 

processed, rice is coarse and thus decreases the chance for cariogenic conditions to form. 

Fine polishing of rice grains is a very recent practice in Southeast Asia (FAO, 1954 cited 

in Tayles et al., 2000). If this holds true in Taiwan prehistory, consumption of coarse rice 

of the SSH people helps in removing potential carious locations on teeth. Combined with 

low caries and abscessing rates, coastal site location and the lack of rice cultivation, it 

appears that SSH people subsisted mostly on hunted and gathered terrestrial foods, and 

collection of marine food resources. 
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Prevalence of moderate to severe dental calculus (22%) suggests a rather alkaline 

oral environment, as related by Pietrusewsky and Tsang (2003). Betel nut chewing, 

another habitual custom of the aboriginal people in Taiwan, may also account for this 

phenomenon. In addition, certain amounts of sticky foodstuffs, such as taro and yam, 

may also have been consumed. Such root plants are common in Taiwan and do not 

require complicated techniques or intense labor to grow. It is likely that the SSH people 

consumed roots as a major carbohydrate source. Furthermore, high oral pH and 

accumulation of calculus are effective ways of preventing a hospitable environment for 

cariogenesis. 

In sum, Iron Age SSH was basically a hunter-gatherer society with terrestrial, 

marine and estuarine resources all playing a significant role to their broad spectrum diet. 

Rice and other terrestrial plant resources were also mixed in the diet. Limited rice 

consumption and dependence on marine foods allowed the inhabitants to enjoy a 

balanced diet and moderate to good dental health. 

Enamel Defects and Stress 

LEH Distribution among Tooth Types 

As Goodman and colleagues suggest (Goodman and Rose, 1990; Goodman et al., 

1984), and other researchers acknowledge (e.g., Lukacs et al., 2001; Wright, 1997), LEH 

is most likely to appear on maxillary and mandibular canines, followed by maxillary 

incisors. LEH prevalence among tooth types from the SSH site clearly agrees with this 

trend. The majority of SSH canines observed were affected by LEH, and fifty-six percent 

of mandibular canines, the most affected tooth type, show LEH lesions. This proportion 

is at least 25% greater than incisors and three times greater than that observed in the 

posterior dentition. Goodman and Rose (1990) suggest that anterior teeth are better 
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indicators of individual stress history due to their lower threshold in coping with stress 

load their heightened sensitivity to record less severe stress events. Along this line, 11% 

of posterior teeth were affected by LEH. Posterior teeth, it follows, require stress loads 

with higher magnitude to discontinue normal amelogenesis, which indicates that 

powerful stress load was present at SSH and affected on physiological well-being.  

Anterior teeth are not only more likely to be affected with LEH, they also record 

more LEH episodes than posterior teeth. Mandibular canines show the highest count of 

LEH in both observed and affected tooth samples, followed by maxillary canines and 

incisors. LEH counts of the anterior dentition as a whole outnumber that of the posterior 

dentition as well. This suggests that multiple stress episodes are more frequently recorded 

in the anterior dentition, and can effectively be used as a subsample for studies utilizing 

LEH to explore stress-related health and well-being (Goodman et al., 1980). 

Prenatal Stress 

Low prevalence of LEH on deciduous teeth (0.8%) at SSH suggests people who 

died before the age of six did not undergo stressful prenatal and neonatal periods. The 

health status of the mothers was supposedly good and early death should not be blamed 

on impaired prenatal health. Women are more likely to suffer from nutritional stress 

during pregnancy due to increased nutritional demands from both mother and fetus. Good 

maternal health suggests a well organized distribution system of dietary resources that is 

valuable to gestating females. SSH women may have benefited from such a system with 

dependence on marine-based and broad spectrum food resources acquired by hunting and 

gathering (Hutchinson and Larsen, 1988; Ulijaszek, 1991). 
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Childhood Stress 

Overall assessment 

At SSH, LEH are observed on 34% of anterior dentition, with overall prevalence of 

18% for all tooth types inspected. These findings are comparable with results presented in 

Pietrusewsky and Tsang (2003), but considerably lower than that reported in Chang 

(1993). When compared to Bronze Age populations in Thailand, overall childhood stress 

at SSH is slightly higher, but comparable with Ban Lum Khao (3,350-2,450 BP) and Ban 

Na Di (2,550-2,350 BP). These two populations depended heavily on intensive 

agriculture and marine resources (Domett, 2001). 

Linear enamel defects in the SSH population is a common pathology as observed 

and recorded in permanent teeth, suggesting that SSH people had a stressful childhood. 

However, it should be noted that although LEH is a marker left by an episode of 

physiological disturbance, it is also an indicator of recovery. A hypoplastic line (or 

reduced enamel thickness) is only observed after the ameloblasts resume normal function, 

at which time the stress load has been lifted. Therefore, individuals with LEH are actually 

those who survived stress episodes (Palubeckaite, 2001). A relatively high LEH 

prevalence on permanent dentition suggests that morbidity during childhood was high in 

the SSH population. Although many children were temporarily ill sometime during 

childhood, it does not necessarily suggest that children were frail throughout their 

childhood. Nonetheless, at least 102 out of 306 individuals in the SSH population had 

some type of stressful childhood experience. Weaning stress (discussed below), 

infectious disease and/or nutritional imbalance are possible factors that contributed to a 

generally harsh childhood. 
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Among the SSH sample studied, markers of active infectious disease are rarely 

observed. Only one case of infection, possibly trauma-related, is encountered among the 

adult skeletons analyzed. No signs of infectious disease were found on subadult remains. 

As suggested by Wood and colleagues (1992), many acute and/or systemic infectious 

diseases could have claimed an individual’s life before that stress marker is manifested 

skeletally, if indeed a marker is ever to be manifested. Although this osteological paradox 

may account for the low frequency of infectious disease observed in the SSH sample, it is 

equally implausible to attribute infectious disease as the major cause of LEH.  

LEH formation and weaning 

LEH formation has been frequently associated with weaning-related stress events 

(Corruccini et al., 1985; Goodman et al., 1984, 1987). Instead of the timing when 

complete cessation of breast-feeding takes place, weaning in this study is recognized as a 

process of introduction of non-milk foods and reduction of dependence on breast milk 

(Katzenberg et al., 1996: 179). Based on this definition, weaning could start from several 

months after birth and extend into late childhood, where specific ranges vary greatly 

among populations. When considered from a biological and immunological perspective 

based on nonhuman primate patterns, timing of complete cessation of breast-feeding is 

predicted to range between 2.5 and 7.0 years of age (Dettwyler, 1995). Research suggests 

that six years after birth is probably the most biologically reasonable time to completely 

exclude breast-milk from an individual’s diet. By this age, human individuals usually 

have achieved adult immune competence, coinciding with the eruption of the first 

permanent molar (Dettwyler, 1995). Similar to modern weaning practices, 

complementary non-milk items are provided early on, ranging before the first month to 2 

to 3 years of age (Dettwyler and Fishman, 1992). It is the consequence of breast-feeding, 
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duration of the weaning process and introduction of non-milk food that most likely cause 

stressful periods observed in early childhood.  

Breast-milk contains species-specific concentrations of hormones and bioactive 

compounds such as peptides, amino acids, glycoproteins, prostaglandins and prolactin, all 

critical for the development of the gastrointestinal tract, the pituitary gland, the pancreas 

and the brain (Stuart-Macadam, 1995: 9). Iron and other nutrients are also readily 

available and easy to digest in breast-milk. Infants benefit from consuming breast-milk 

because it helps them to receive a balanced nutrition and develop a stronger immune 

system. Since breast-milk is suckled directly from mothers, contamination is not likely to 

have negative side-effects on the health of infants. Not surprisingly, it is frequently 

reported that morbidity and mortality are lower in children who are breast-fed 

(Cunningham et al., 1991; Duffy et al., 1986; Glass and Stoll, 1989).  

Although breast-milk is generally sterile and nutrient-rich, its composition changes 

after a period of lactation. The concentrations of most nutrients decrease and become less 

bioavailable, usually after a few months of lactation (Stinson, 2000). Complementary 

foods (given in addition to breast-milk) and supplementary food (given as replacement of 

breast-milk) is expected to be incorporated in the diet of children, along with breast-milk 

(Dettwyler and Fishman, 1992). To emphasize the benefit of breast-feeding and to avoid 

prolonged period of it, in 1992 the World Health Organization recommended for children 

to be breast-fed at least for one year.  

Introduction of complementary food during the weaning process is a necessary but 

risky task. First, the interaction of foodstuff and breast-milk can lower the bioavailability 

of certain nutrients in the digestive tract (Oski, 1980 cited in Dettwyler and Fishman, 
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1992). For example, certain chemical elements in maize and rice products tend to prevent 

iron from being absorbed (Ryan, 1997). Second, early introduction of unbalanced or 

non-nutritious weaning food, if accompanied with reduction of breast-milk, could 

dramatically decrease nutrition intake and lower the immunological capacity of the 

infants and children. Certain complementary food, such as rice water or porridge, does 

not contain enough sustenance for rapidly growing children. In addition, excessive supply 

of water to the infant can displace the demand for breast-milk and also dilute the nutrient 

concentration of breast-milk (Dettwyler and Fishman, 1992). The rich supply of 

antibodies found in breast-milk is therefore not sufficiently consumed by the infant 

(Stinson, 2000). Third and most important, contaminated weaning food can be a severe 

threat to infant and childhood health. Children are hence likely to be exposed to 

environmental pathogens by consuming polluted foodstuffs, most commonly when the 

water is not obtained from clean sources (Stinson, 2000; Walker, 1986). Diarrhea and 

infectious diseases frequently occur among infants undergoing weaning, especially in 

socially disfavored groups and/or overpopulated communities (Holland and O’Brien, 

1997). Severe consequences, such as delayed growth or death, can be induced by 

ingestion of contaminated food/water.  

At SSH, while no direct evidence of weaning has been found, based on 

reconstructed subsistence, it is possible to deduce that people weaned infants with a 

mixture of rice and other foods such as root crops and/or marine foodstuffs. Food and 

water contamination at coastal sites can be more severe than at sites along freshwater 

river sources. Because of their weak and compromised immune system, food-induced 

sickness and/or infectious disease is more likely to impact weanling children. 
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Ethnographic studies on “traditional societies” (referring to small-scale societies with 

relatively simple modern technologies, like electricity and running water; Dettwyler, 

1995) have suggested that weaning duration in these groups ranges between 2 and 4 years. 

For a less agriculturally dependent prehistoric occupation as SSH, an analogy of weaning 

duration could be reasonably adopted. In addition, the peak stress time of the SSH site 

from LEH analysis falls into the estimated biological timeframe of weaning synthesized 

by Dettwyler (1995). Therefore, it seems plausible to attribute the prevalence and 

distribution of LEH to weaning-related stress for the SSH population.  

Peak timing of LEH formation 

In this study, developmental ages correlating to LEH formation are generated by 

utilizing two methods whose underlying assumptions are different. Patterns of enamel 

formation and buried cuspal enamel are critical issues concerning the estimated time of 

hypoplastic formation. A method that has been widely used (Goodman et al., 1980) 

assumes linear enamel formation and does not acknowledge the effects of cuspal enamel. 

Empirical observation in Reid and Dean (2000) in contrast, takes cuspal enamel effects 

into consideration and therefore seems to be a closer estimation of enamel development.  

The regression method in Goodman et al. (1980) returns a wide range of peak LEH 

formation zones among tooth types. When only the anterior teeth are considered, the 

duration from 2.0 to 5.0 years is most frequently affected. When all tooth types are 

reviewed, peak LEH formation zones appear between 2.0 to 6.0 years. The results may be 

partly due to different durations of crown formation and the availability of recording 

LEH across tooth types.  

When LEH locations are converted to developmental ages using the Reid and Dean 

(2000) method, results show narrower age ranges than conversion using the method of 
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Goodman et al. (1980), with the exception of the maxillary lateral incisor, peak LEH 

zones of five other anterior tooth types fall within the 7th zone of tooth crowns, 2.9-3.8 

years for maxillary teeth; 2.3-4.2 for mandibular teeth. Combined with all teeth analyzed, 

peak LEH formation time is between 2.3 and 4.2 years. The Reid and Dean method more 

clearly delineates the timing of stress episodes than the method presented by Goodman 

and colleagues. In addition, by incorporating empirical observations of unworn tooth 

crowns, the Reid and Dean method is better equipped to account for the duration of 

cuspal enamel development. Importantly, linear enamel formation is not assumed. As a 

result, peak LEH formation time based on Reid and Dean is adopted here as 

representative of the most stressful period for the SSH population. Results following 

Goodman et al. (1980), however, are useful for comparative studies.  

As discussed above, the weaning process may well be linked to the formation of 

LEH (Corruccini et al., 1985). Some researchers, however, find that LEH formation time 

does not correlate with documented weaning period (Blakey et al., 1994). Katzenberg and 

colleagues (1996) argue that the overlapping time spans of peak LEH formation and 

weaning process are possibly coincidental and may not represent a causal relationship.  

In the case of SSH population, moderate prevalence of LEH and aggregated timing 

of LEH formation suggests that stressful childhood is an endemic phenomenon among 

individuals. Children between the ages of 2.3 and 4.2 years are more likely to be affected 

by systemic physiological disturbances or insults. Besides weaning-induced stress, 

infectious disease, trauma and chronic blood loss (parasitic infection) are possible factors 

impairing physiological balance of an individual. Interestingly, no markers of infectious 

disease or trauma were observed in SSH subadults. Subadults present with porotic 
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hyperostosis are rarely seen (see below). While subadults are underrepresented in the 

SSH sample, what skeletons exist are generally free from specific identifiable diseases. 

As discussed earlier, the weaning process puts an individual at risk of nutritional 

imbalance and increases one’s susceptibility to food/water-induced infections resulting 

from contaminated foods. Considering the geographical location of SSH and its 

archaeological assemblage, it is very likely that the complementary food during the 

weaning period was either marine and/or rice based. Marine resources have high potential 

for contamination if not processed carefully, and rice products are low in nutrients and 

can act as inhibitors against the normal absorption of essential nutrients, such as iron 

(Ryan, 1997). Therefore, it is suggested here that the timing of LEH formation correlates 

with the weaning process at SSH. It is not merely a coincidence, but likely a reflection of 

cultural practice at SSH that provided a stressful weaning environment experienced by 

many of its inhabitants. 

Sex Differences and Cultural Practices 

Prevalence and number of LEH episodes 

Females of SSH show higher prevalence of LEH than males. This is in accordance 

with results reported in Chang (1993) and Pietrusewsky and Tsang (2003). Further, 

females exhibit higher incidence of LEH on their anterior dentition, and have more 

multiple LEH episodes than do males. LEH prevalence at the individual level 

corresponds well with these findings. Since canines and incisors are sensitive recorders of 

stress events, it is reasonable to infer that SSH females went through a more stressful 

childhood than their male counterparts. Females seem to be more vulnerable to repetitive 

physiological disturbance than do males. Essentially, their body fails to maintain a 

normal rhythm of enamel formation and the result is compromised, hypoplastic enamel.  
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LEH formation timing 

SSH males tend to have peak LEH formation times 0.5 to 1 year earlier than 

females. This is made especially clear using timing derived from Reid and Dean (2000). 

Peak LEH formation in males falls mostly within the 7th zone of the crown, while 

females’ falls mostly within the 8th zone. No matter which method is used, the 

distribution of LEH formation times for each tooth type, by sex, shows that males display 

earlier timing of peak defective zones.  

Females are said to be well-buffered by a stronger immune system than males 

(Ortner, 1998). Laboratory studies on various diseases, nutritional, and stress-related 

disturbances suggest that females cope better during periods of disease and poor diet than 

are males (Riopelle, 1990; Hoyenga and Hoyenga, 1982 summarized in 

Guatelli-Steinberg and Lukacs, 1999). As Stini (1985) has pointed out, sexual differences 

with respect to one’s resistance to physiological stress may be linked to the reproductive 

demands of females. The exact mechanisms that lead to females being less sensitive to 

environmental and physiological stress are unknown (Stinson, 2000), however, the 

concept of a well-buffered female is not universally accepted (e.g., Stini, 1994). 

Weaning practice and diet seems to differ according to sex. Differential treatment 

of children, by sex, may have affected their respective health frequencies during early 

childhood and into adulthood. Cultural practices regarding sex/gender roles can largely 

determine the magnitude and types of stressors. In a society where males are favored, be 

it for cultural and/or biological reasons, essential or valued resources are less likely to be 

distributed equally among the sexes. Girls may be intentionally neglected or may be fed 

with inferior dietary food resources. In extreme conditions, when resources are limited or 

a population control policy is proclaimed, it is not uncommon for female infanticide to be 
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committed in many parts of the world (Oomman and Ganatra, 2002; Secondi, 2002; 

Smith and Smith, 1994). Increased value towards males is common in Asia and is deep 

rooted in China. In present day Taiwan, the concept of equality between males and 

females is fairly recent.  

The prevalence and peak timing of LEH formation at SSH suggests that sex 

differences and childhood stress may be indicative of cultural perceptions and differential 

treatment by sex during the weaning process. Females are more likely to have LEH and 

their LEH counts are significantly higher than that of males. Results do not support the 

idea that females are well-buffered against environmental and physiological stress. 

However, two possibilities could be inferred from these data. One is that females are 

more vulnerable (and sensitive) to stress events and therefore it is easier for hypoplastic 

defects to become manifest on their teeth. The other possibility is that SSH females are 

more frequently exposed to environmental and/or physiological stressors, and perhaps to 

stronger stressors as well. It may be these two combined possibilities are to contribute to 

the LEH prevalence among females at SSH. Females were likely neglected during 

infancy and given less nutritious complementary/supplementary food during the weaning 

process. This would place female children at greater risk (not necessary sick but more 

vulnerable to stress events) and expose them to greater physiological stress during the 

difficult periods of weaning.  

The 0.5 to 1.0 year difference between males and females suggests that female 

children at SSH are subject to stress related insults later in time than males of equivalent 

age.  It is difficult to identify specific timing for the weaning process based only on 

macroscopic observations. While timing and duration of weaning may vary among the 
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sexes, effects of the stronger nature of female physiology (well-buffered female) cannot 

be excluded from the causal factor for this trend.  

In short, the difference of LEH prevalence and peak formation time between SSH 

males and females suggests that cultural preference for males during weaning process 

may be taking place. However, better-buffered physiology of females is an alternative 

explanation for them to exhibit delayed patterns of peak LEH formation.  

LEH and Mortality 

Many studies have reported that evidence of growth disturbance is more frequently 

associated with individuals who died at a young age, especially subadults (Cucina et al., 

2000; Douglas et al., 1997; Stodder, 1997). Overall mortality and longevity seem to have 

high correlation with incidence of stress markers. For example, research on prehistoric 

Guam populations demonstrates that individuals who died as subadults and young adults 

(<21 years) experienced more stressful events than those who survived into middle and 

old adulthood (Stodder, 1997). It is possible that childhood morbidity, early mortality, 

and reduced longevity are the results of impaired immune function (caused by early 

stress) and maintenance of a continuous stress load throughout life (Stodder, 1997; 

Stuart-Macadam, 1998).  

At SSH, subadults (0-20 years) show slightly higher prevalence and higher average 

LEH counts than adults.  This is statistically significant, however, only for a few tooth 

types. It appears that those individuals who failed to reach adulthood experienced slightly 

more stressful periods and/or were more sensitive to stressors. Their health may have 

been compromised by enduring a greater stress load early in life which made them more 

vulnerable to infection and other insults later in life. It should be emphasized that the 

stressors causing LEH were probably not the direct causes of mortality, as the presence of 
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LEH represents a sign of resumed function of ameloblasts. Despite lower prevalence and 

average LEH counts per tooth, individuals with LEH who survived into adulthood may 

have had a stressful childhood similar to these individuals who died as subadults.  

In terms of comparison between age groups, prevalence of LEH is significantly 

higher in younger individuals (≦ 35 years). Teeth with multiple LEH episodes are less 

common in middle and old adult individuals. While there is positive association between 

mortality and the appearance of LEH, the effects of potential bias must be addressed 

among the data collected. First, older individuals (>35 years) are underrepresented (ca. 

17%), and there are fewer preserved teeth as a result. Poor preservation of older 

individuals and/or shorter life expectancy among the SSH population could account for 

this trend. Second, LEHs that formed earlier in life on the tooth crown could have been 

erased by severe attrition. However, teeth with less than 2/3 of the enamel were not 

scored for LEH to control for dental wear. It is possible that the small number of 

observable teeth for old adults makes their representation skewed, but LEH prevalence 

data were scored independent to tooth wear. Hence, the finding that individuals living 

well into adulthood with fewer hypoplastic lesions can be explained as a reflection of 

higher survivorship (lower rate of early mortality) compared to those individuals who 

have suffered fewer stressful episodes during childhood.  

There are no significant differences in LEH formation times between subadults and 

adults. There is no pattern that those who died as subadults have LEH earlier or later than 

those who survived into adulthood. This result suggests that timing of stressful periods or 

insults has little effect on overall mortality of individuals at SSH. While the health of an 

individual could be impaired by childhood stress, such as weaning (which may lead to 
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early mortality), the timing of a stressful event seems to have less discernible effect on 

one’s well-being.  

Porotic Hyperostosis 

It is commonly recognized that the etiology of porotic hyperostosis is complicated 

due to factors such as impaired immune system, unbalanced diet, parasitic infection and 

life cycle of individual (e.g., Goodman, 1994; Holland and O’Brien, 1997; 

Stuart-Macadam, 1992). This complex phenomenon has made the pinpointing of specific 

causes difficult, if not impossible. Instead of searching for the cause, research has focused 

on what the occurrence of porotic hyperostosis signifies and how the lesion may correlate 

within a broader environmental context (Holland and O’Brien, 1997: 191).  

About a quarter of individuals with observable affected cranial bones show signs of 

porotic hyperostosis at SSH. Walker (1986) examined a prehistoric coastal population 

from the Channel Islands, California and suggests that the occurrence of orbital porotic 

hyperostosis is the synergetic effect of diarrheal infection (contaminated water), parasitic 

infection (eating raw seafood), prolonged breast-feeding and seasonal protein-calorie 

malnutrition. Indeed, its coastal location and marine-based economy make the Channel 

Islands prehistoric population comparable to SSH.  

The transition to agriculture and intensification, and dependence on staple crops is 

frequently associated with an increased prevalence of porotic hyperostosis (Cohen and 

Armelagos, 1984). At SSH, however, dependence on agricultural foodstuffs is not 

supported by observations of dental pathology and recovered materials in the 

archaeological record. It is likely that while the SSH people subsisted on iron-rich marine 

resources, negative effects of consuming contaminated water and/or foodstuffs may have 

increased frequencies of iron-deficiency anemia. Population density, which cannot be 
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directly assessed at SSH, is also a potential factor with respect to site hygiene and the 

spread of infectious disease.  

Loss of blood volume and iron concentration due to menstruation and birth leaves 

females more prone to anemic conditions than males. It follows that porotic hyperostosis, 

a cranial pathology induced by anemic conditions, is frequently found on female 

individuals. Stuart-Macadam (1989) has advocated that orbital and vault lesions represent 

the same pathological process, although orbital areas tend to be affected earlier than vault 

areas. In SSH, when orbital lesions are considered for adults, females are less affected 

than males, as opposed to the findings in Pietrusewsky and Tsang (2003). On the vault, 

males are less affected than females. However, no statistical significance was found on 

the prevalence of porotic hyperostosis among sexes regardless of lesion location. It is 

particularly interesting to observe that most females affected with orbital lesions exhibit 

active stages of anemia, and the affected males typically exhibit healed marks. All vault 

lesions observed were healed on both sexes. It is possible that females experienced a 

heavier impact of anemic conditions resulting from intertwined etiologies as lower blood 

iron concentration and/or inferior food choices dictated by cultural behavior. Anemic 

adult females often died when the anemic episodes were still in progress, although 

anemia itself can not necessarily be identified as the direct cause of death. In terms of 

adult males, they seem to have recovered from anemic events before they died. Healed or 

remodeled lesions are indicators of recovery.  

Stuart-Macadam (1985) in her well-cited paper has addressed that porotic 

hyperostosis is a childhood pathology. Among SSH, however, adults have a slightly 

higher prevalence of porotic hyperostosis (either orbital or vault) than subadults. 
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Subadults do show a higher prevalence on the orbital area and most of those are active 

lesions. Ages of the affected subadults vary from early childhood (4-5 years, 2 

individuals), to later childhood (7-10 years, 3 individuals), to late adolescence (17-18 

years, 2 individuals). No vault lesions are found on subadult bones. The majority of the 

affected adults are younger than 35 years.  

In short, age patterns of porotic hyperostosis from the SSH population do not 

support Stuart-Macadam’s notion that the lesion is a childhood pathology. Adults and 

subadults have comparable chances to manifest cranial porosity induced by 

iron-deficiency anemia. Interestingly, individuals living into later adulthood (>35 years) 

have significantly fewer cases of porotic hyperostosis than those who died earlier. 

Although this pattern seems to support a relationship between morbidity and early 

mortality, small sample size precludes such inferences to be made (especially in the 

subadult category).  

Age and sex distribution of porotic hyperostosis at SSH provides biological data to 

infer subsistence practice and living environment. It is likely that young people (late teens 

and young adults) participated more frequently in hunting and gathering activities, which 

increased their chance of exposure to parasites. Marine-borne parasites are common in 

coastal environments and can be easily acquired by humans collecting shellfish, for 

example. If parasitic infection was indeed the cause of iron-deficiency anemia among 

some of the SSH people, and was associated with subsistence activities, equal prevalence 

of porotic hyperostosis among males and females suggests a non-specific division of 

labor between sexes. At SSH, both sexes were equally exposed to contaminated 

food/water resources and unsanitary working environments.  
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Young children affected with porotic hyperostosis may exhibit this pathology as a 

result of parasitic infection, since the incidence is very low in this age category. 

Interaction between contaminated post-weaning foodstuffs and an immature immune 

system may account for such lesions. Overall, young children were not the main target of 

iron-deficiency anemia at SSH, although underrepresentation of subadults is does limit 

conclusive evidence of this finding.  

Morbidity of the SSH People 

The incidence of porotic hyperostosis and linear enamel hypoplasia do not show 

significant correlation among the SSH population examined in this study. Goodman and 

Rose (1990) have demonstrated that amelogenesis is sensitive to physiological 

disturbance and a short period of time (one week) is sufficient to form a macroscopically 

visible LEH. Therefore, LEH is more frequently observed when multiple slight/acute 

stress events occur during enamel formation. Porotic hyperostosis, on the other hand, is a 

bony lesion that results from chronic anemia. Compared to the duration of enamel 

defects, bony tissue responds to systemic stress manifested as a skeletal lesion in a slow 

fashion. Hence, porotic hyperostosis is a record of chronic, more severe physiological 

stress episodes. As a more specific stress indicator, it is not surprising to encounter fewer 

individuals affected with porotic hyperostosis.  

While no significant correlation has been found between the prevalence of LEH 

and porotic hyperostosis, it is noteworthy that 75% of individuals who show evidence of 

porotic hyperostosis also exhibit LEH. Iron-deficiency anemia, however, cannot be the 

causal factor for LEH formation. Age patterns of individuals who died with active porotic 

hyperostosis do not overlap the peak LEH formation time on affected individuals. In fact, 

individuals who died with active lesions and LEH were all older than 8 years of age, 
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which was a significant departure from peak LEH formation time (2 to 5 years 

postpartum). Individuals who died with active lesions but no LEH lend suggest that the 

occurrences of LEH and porotic hyperostosis are independent events. The appearance of 

LEH and porotic hyperostosis on the same individual may in turn support the idea that 

early childhood stress could have impaired the strength of the immune system, and made 

the individual less effective in coping with iron-deficiency anemia.  

In terms of those individuals affected with LEH with no sign of porotic 

hyperostosis, several possibilities could account for this observed pattern. First, these 

individuals may have experienced anemic conditions that were not severe enough to 

manifest as skeletal lesions. Second, individuals could have died from severe anemia, 

possibly induced by acute infectious disease, before a lesion was formed on the bones. 

This is a concept noted by Wood et al. (1992) as one of the arguments of the 

“osteological paradox”. Third, unlike enamel defects, porotic hyperostosis can be erased 

by bone remodeling process. It is therefore possible that porotic hyperostosis, formed 

early in life, is no longer observable when an individual survives into later adulthood. 

The people of SSH had a fairly stressful early childhood due to stressors associated 

with the weaning process, including prolonged breast-feeding, unbalanced and/or 

contaminated weaning food, and differential weaning practice between the sexes. 

Markers of iron-deficiency anemia are typically found on young adults and show no 

significant differences between the sexes. Other specific infectious diseases or 

trauma-related condition were rarely encountered for both subadults and adult skeletons 

examined. From this, it is inferred that once an individual survived the stress of early 

childhood, health conditions improved for the people of SSH people. 
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CHAPTER 6 
CONCLUSION 

This study is designed to reveal childhood stress patterns of the Shih-san-hang site, 

one of the earliest and largest Iron Age sites in Taiwan. Two stress indicators, linear 

enamel hypoplasia (LEH) and porotic hyperostosis, are interpreted in a biocultural 

context. The incidence of LEH suggests that the SSH people had a fairly stressful 

childhood. The peak age of LEH formation ranges from 2 to 5 years. Weaning-related 

stressors, such as contaminated food and water, prolonged breast-feeding and unbalanced 

weaning diet, are all possible causes. Females were found to be more stressed than males, 

as indicated by significantly higher LEH prevalence and greater average LEH counts on 

females. Age of peak LEH formation for females is later than males. Cultural concept 

(male preference), and practice (differential weaning behavior) may contribute to this 

difference in weaning time. LEHs are more frequently found on subadults and young 

adults, which may be a result of an impaired immune system in early childhood (early 

morbidity) and early mortality, rather than extreme tooth wear biasing the results.  

Iron-deficiency anemia tends to have greater impact on late teens and young adults 

as indicated by the age distribution of porotic hyperostosis among individuals at SSH. 

Males and females are similarly at risk of anemic stress. Parasitic infection due to 

marine-oriented subsistence activities and poor hygiene throughout their occupational 

environment are both considered major etiologies. Therefore, it is likely that young 

individuals, regardless of sex, were more involved in subsistence-related tasks in the SSH 

population. No overlapping age patterns were found for the occurrence of LEH or porotic 
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hyperostosis, which are indicators of independent stress events. Hence, no direct causal 

effect was established between the two pathologies. In addition, few traces of infectious 

disease and/or trauma were observed on the SSH remains. Overall, it can be concluded 

that the SSH inhabitants generally had a stressful childhood, and once they survived into 

adulthood, a good health status is maintained. 

To further understand health and disease of the SSH population, an exhaust 

paleopathological study of the entire SSH collection is warranted. In the future, 

comparative studies of the SSH site and other temporally and geographically-related sites 

in Taiwan and Southeast Asia are essential to reveal trends associated with changes of 

subsistence patterns and cultural traditions.  
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