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Abstract 1 

We provide the first application of a quantitative microscopic approach that does not rely on the 2 

presence of perikymata for the identification and comprehensive analysis of linear enamel 3 

hypoplasia (LEH) to a large archaeological sample from Southeast Asia. Additionally, we 4 

introduce MicroPolySharp, a new computer program that automates the assessment of these 5 

stress episodes, and we present new dental crown width/height ratios for the region. 6 

Enamel surface depth profiles were measured from epoxy dental replicas generated from 48 7 

individuals using a confocal microscope. The identification and analysis of LEH episodes was 8 

undertaken using MicroPolySharp, which combines three recently published methods 9 

specifically suited to worn archaeological samples. Ten parameters were examined: frequency, 10 

prevalence, episode duration, stress duration, recovery duration, age at first onset, age at last 11 

onset, total growth disruption, proportion of available enamel affected, and periodicity. 12 

Results revealed a high prevalence of LEH: 97.92% (47/48) individuals affected. LEH frequency 13 

averaged 2.5 episodes per individual (range= 1-4 episodes). The chronology of episodes 14 

averaged 3.66 years (range = 1.4 to 5.5 years). The age of earliest episode occurrence averaged 15 

3.1 years (range= 1.4 to 4.2 years). While the age of last episode averaged of 4.3 years (range = 16 

2.9 to 5.5 years). Duration of growth disruptions (stress + recovery) averaged 103 days (range = 17 

27 to 269 days). Consistent with other studies, the average duration of the stress portion of 18 

episodes was 56 days (range= 9 days to 6.4 months) while the duration of the recovery portion 19 

averaged 47 days (range= 8 days to 5 months). The total amount of growth disruption for 20 

individuals averaged 263 days (range= 87 to 543 days). The proportion of available crown height 21 

affected by growth disruption averaged 21% (range= 6% to 42%), while LEH periodicity for the 22 

sample averaged 8.6 months (range= 2.4-23 months). Stress and recovery durations, along with 23 

age at first episode, were the most sensitive and useful parameters for discerning differences 24 

between the subgroups of interest. Finally, the effects of any amount of variable crown height 25 

wear within the study group was found to have a significant confounding effect on all aspects of 26 

LEH results and interpretation if not properly controlled. Given the high prevalence, all 27 

individuals were, for the most part, equally affected. Future analysis of samples from the periods 28 

prior to and leading up to the Late Iron Age from nearby sites will be required to provide much 29 

needed context to the high levels of systemic stress observed at Non Ban Jak. 30 
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1 Introduction 31 

Over the last two decades, numerous studies have sought to evaluate and/or refine the available 32 

methods for identifying and analysing linear enamel hypoplasia (LEH), especially those that 33 

rely on high-resolution microscopic approaches (Bocaege & Hillson, 2016; Bocaege, 34 

Humphrey, & Hillson, 2010; Cares Henriquez & Oxenham, 2017, 2018, 2020; Gamble & Milne, 35 

2016; Guatelli-Steinberg, 2008; Hassett, 2012; Hubbard, Guatelli-Steinberg, & Sciulli, 2009; 36 

Martin, Guatelli-Steinberg, Sciulli, & Walker, 2008; O'Hara, 2017; Reid & Guatelli-Steinberg, 37 

2017; Temple, Nakatsukasa, & McGroarty, 2012). The majority of these have been preliminary 38 

demonstrations of techniques using limited sample sizes. While studies have begun to apply 39 

these methods to larger samples where hypotheses regarding stress and local ecology might be 40 

tested, many others remain limited to employing subjective or macroscopic methods (Dirks, 41 

Humphrey, Dean, & Jeffries, 2010; Dirks, Reid, Jolly, Phillips-Conroy, & Brett, 2002; Guatelli-42 

Steinberg, 2003; Guatelli-Steinberg, Larsen, & Hutchinson, 2004; T. King, Humphrey, & 43 

Hillson, 2005; Merrett et al., 2016; Temple, 2014, 2016, 2018, 2020; Temple, McGroarty, 44 

Guatelli-Steinberg, Nakatsukasa, & Matsumura, 2013). One of the key reasons for this is that 45 

most of the new advancements are related to techniques that require the presence of visible 46 

perikymata along the entire tooth surface. However, many archaeological dental samples tend 47 

to be affected by labial/buccal wear that obscures their visibility making these samples 48 

unsuitable for use with such techniques (Cares Henriquez & Oxenham, 2017; Hubbard et al., 49 

2009). Furthermore, as methods become more advanced, the calculations required become 50 

more complex and time consuming, and can be difficult to replicate accurately without 51 

considerable training. 52 

The purpose of this study is to provide the first application of a quantitative microscopic 53 

approach for the identification and analysis of LEH to a large Southeast Asian late Iron Age 54 

archaeological sample from Non Ban Jak (NBJ), Thailand. A further objective is to provide a 55 

unique methodology that considers multiple aspects of these growth disruptions beyond 56 

individual frequency and prevalence to include chronology (i.e., the developmental age of 57 

episodes), episode duration, stress duration, recovery duration, age at first onset, age at last 58 

onset, total growth disruption, proportion of available enamel affected, and periodicity. Each of 59 

these factors is assessed with respect to biological sex, age-at-death, occupation mound, and 60 
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mortuary phase, while also accounting for individual tooth crown height wear, which has been 61 

found to significantly impact the interpretation of results. 62 

This study makes use of MicroPolySharp, a software program that incorporates recently 63 

published methods for the identification and analysis of LEH that are specifically designed for 64 

use with archaeological dental samples when perikymata are not clearly visible (Cares 65 

Henriquez, 2020). Written in C# (programming language) and compiled using Visual Studio, this 66 

end-user-program eliminates the need for researchers to perform complex and time-consuming 67 

calculations manually by automating the entire process of identification and analysis of LEH 68 

when using microscopic data. The program’s usefulness lies in its ability to reduce the time 69 

required for the analysis of LEH from 30-45 minutes per tooth, to under one minute for multiple 70 

teeth of the same individual. Furthermore, due to the automated nature of the analysis, it not only 71 

improves the accuracy of the results by minimising the introduction of user errors but also their 72 

replicability and comparability.  73 

2 Materials and Method 74 

2.1 Sample  75 

Permission to carry out this research, which is non-destructive and did not require the export of 76 

materials from the origin country, was granted by The National Research Council of Thailand 77 

(permit numbers 0002/9647; /9582) under the aegis of The Prehistory of the Upper Mun Valley 78 

project. The sample includes all individuals (n = 48) with an assessable permanent anterior 79 

dentition from Non Ban Jak, a late Iron Age archaeological site located in Northeast Thailand. 80 

Teeth that presented with more than 60% crown height wear, cracks, obscured labial surface, or 81 

undetectable cementoenamel junction (CEJ) were excluded. The sample was made up of 19 82 

females, 23 males, and six indeterminate sex individuals. Sex estimation data for adults was 83 

provided by Buckley et al. (2020). Buckley et al. (2020) assigned adults to three relative age 84 

categories (young, middle and old) after Buikstra and Ubelaker (1994). These relative age 85 

categories have been retained, while they have been renamed using Buikstra and Ubelaker’s 86 

(1994) age ranges. As such, eight individuals were classed as adolescents aged 15-19 years old, 87 

11 were young adults aged 20-35 years old, 17 were mid-adults aged 35-50 years old, 11 were 88 

old adults aged 50+, and one was categorised as an adult with no specific age range. In terms of 89 

the physical distribution of the sample, two occupation mounds were identified with eight 90 
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individuals (four males, and three females) excavated from the East mound, and 40 (19 males, 16 91 

females) from the West mound. In terms of the temporal distribution of the sample (Higham, 92 

2020), six individuals came from mortuary phase (MP)1 (100-540 CE), 14 from MP2 (250-530 93 

CE), 15 from MP3 (350-550 CE), 13 from MP4. There are no radiocarbon dates for MP4 with 94 

Ward (2019) suggesting an approximate age of 550-820 CE.  95 

2.2 Data Collection  96 

High resolution silicone impressions were produced using Affinis® Perfect Impressions 97 

(Coltene®) Regular Body polyvinylsiloxane, which was applied to the labial surfaces of the 98 

anterior maxillary and mandibular dentition. This was used to create silicone moulds that were 99 

then used to create replicas using Epofix™, a cold-setting resin based on two fluid epoxy 100 

components (Struers ApS, Milton, QLD, Australia). Enamel surface depth profiles were 101 

measured from these epoxy replicas using an Olympus LEXT OLS5000 laser scanning confocal 102 

microscope. Detailed descriptions of the resin replica production methods and enamel surface 103 

depth profile construction are provided in Cares Henriquez and Oxenham (2017) and Cares 104 

Henriquez and Oxenham (2020), while OLS 5000 microscope settings are presented in Table 1. 105 

 106 

Table 1 OLS 5000 Extended Topography Scan Settings 107 

OLS 5000 Microscope Settings  

Operation Mode: Default 

Objective: 10X  

Data Acquisition: 3D > Stitching Function 

Data Type = Height > Profile 

X resolution (Xcv) =  1.236962 

Y resolution (Ycv) =  1.248557 

Z resolution (Zcv) =  0.019082 

(Resolution unit = micrometer) 

Stitching Area: Overlap 10% 

 108 
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2.3 Estimates of Crown Height Wear  109 

While the issue of crown height wear is of fundamental importance to studies of LEH, it is 110 

currently the least resolved issue and requires detailed attention. Crown height wear estimation is 111 

a crucial step when carrying out an assessment of LEH. This is because for LEH to be useful, 112 

beyond simply noting if they are present or absent or stating the number of defects per 113 

individual, it is helpful to estimate the chronology of LEH episodes as well as their duration 114 

(Cares Henriquez & Oxenham, 2017, 2018, 2020), something that has been of interest for some 115 

considerable time (e.g. Hutchinson and Larsen (1988)). To do this accurately, it is necessary to 116 

know the relative position of defects from the cemento-enamel junction (CEJ) as well as the 117 

amount of time captured by the crown height that is available, and even minimal wear can add 118 

uncertainty to estimates of LEH chronology (Guatelli-Steinberg, Buzhilova, & Trinkaus, 2013). 119 

At present, there is no consensus on the best method for estimating crown height wear, and so 120 

the approaches employed by studies can vary markedly. Some studies, such as  Martin et al. 121 

(2008) and Berbesque and Hoover (2018), estimate crown height by reconstructing the original 122 

projection of the crown height based on the morphology of unworn specimens. However, 123 

especially when working with archaeological specimens where attrition is common, it is not 124 

unusual for there to be no individuals with minimally worn teeth in the sample. 125 

An alternative is either to rely on sample / species crown height averages or simply exclude 126 

individuals deemed to have more than 10-20% crown height wear (Cares Henriquez & 127 

Oxenham, 2017, 2020; Guatelli-Steinberg, 2003, 2004; Hillson, 1992; Modesto-Mata et al., 128 

2017; Temple, 2007, 2014). However, while this latter option may seem like an optimal solution, 129 

it too can be problematic as it can significantly reduce sample sizes and is most likely to exclude 130 

older individuals who in general are more likely to be affected by attrition and as such reduce the 131 

available age range of the sample. In spite of these issues, including individuals that have more 132 

than minimally worn teeth is a worthwhile exercise, specially to ensure that all age at death 133 

categories are represented and, therefore, be able to obtain a complete picture of how systemic 134 

physiological stress was experienced by the whole population of interest.  135 

However, to do this, accurate estimates of wear are essential. Wear can be a complicated factor. 136 

On the one hand, crown height wear (attrition) is likely to have a strong correlation with age at 137 

death, especially in archaeological samples. On the other, due to the limited window of time that 138 



7 
 

is captured by dental crowns (that is they have a minimum and maximum age limit), crown 139 

height wear can also affect the interpretation of observed patterns when it comes to commonly 140 

assessed outcomes such as number of defects, age at first episode and total growth disruption. 141 

Consequently, being able to account for the effects of wear on any differential patterns that might 142 

be observed is crucial.   143 

2.3.1 Objective Crown Height Wear Estimates 144 

In this study, crown height wear estimates are constructed based on the previously published 145 

Reid and Dean (2000) deciles, which provide the foundation for many of the processes included 146 

in the methods used in this study (Cares Henriquez & Oxenham, 2018, 2020). As such, the 147 

reported wear percentage refers to the visible crown height (i.e., 10% = one decile of crown 148 

height wear, 20%= two deciles of crown height wear), and how much time each of these deciles 149 

represents changes between teeth type. 150 

The crown height wear estimates are calculated using a novel approach that relies on crown 151 

width/height ratios obtained from unworn teeth in the sample. While this method has not been 152 

previously utilised in bioarchaeological studies, it is proposed by a number of researchers in the 153 

field of dentistry for estimating crown heights in the context of treatment planning in restorative 154 

dentistry, prosthodontics, and periodontal surgery (Garg & Goje, 2018; German, Chu, Furlong, 155 

& Patel, 2016; Köseoğlu & Yanıkoğlu, 2019; Magne, Gallucci, & Belser, 2003; Marcushamer et 156 

al., 2011; Sah et al., 2014; Shahid, Alam, & Khamis, 2015; Sitthiphan et al., 2015; Tsukiyama et 157 

al., 2012; Volchansky & Cleaton-Jones, 2001). Studies that propose this approach examine the 158 

relationship between crown width and crown height (length) from an aesthetics perspective and 159 

focus either on clinical crown height or anatomical crown height. The goal of these studies is to 160 

create standards for determining optimal cosmetic outcomes based on natural oral aesthetics 161 

(Tsukiyama et al., 2012).  162 

To date, anatomical crown width/length ratios have been studied in the maxillary anterior teeth 163 

of Central European and Asian individuals. Magne et al. (2003) examined crown width/length 164 

ratios using digital images of worn and unworn extracted teeth of Swiss individuals and found 165 

that the width/length ratio was 78% for central incisors, 73% for lateral incisors, and 73% for 166 

canines. A similar study by Marcushamer et al. (2011), which followed the same protocol, 167 
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examined the maxillary anterior crown proportions of Asian individuals from Japan, and found 168 

the ratio was 72% for central incisors, 67% for lateral incisors, and 67% for canines.  169 

A number of studies have demonstrated differences in tooth size and morphology both within 170 

and between different populations (Lee, 1977; Yaacob, Nambiar, & Naidu, 1996; Younes, al-171 

Shammery, & el-Angbawi, 1988). Therefore, using previously published width/length ratios, 172 

Tsukiyama et al. (2012) undertook a comparative analysis of width/length ratios between Asian 173 

and Central European (Swiss) individuals. The study found a significant difference in the 174 

width/length ratios between these two populations and concluded that Central European 175 

individuals had larger width/length ratios than Asian individuals, noting that the maxillary teeth 176 

of the latter group were more slender. One of the key findings of these aforementioned studies 177 

into anatomical crown/width ratios has been confirmation that incisal wear has no effect on the 178 

average value of width within the same tooth group (Magne et al., 2003; Marcushamer et al., 179 

2011; Tsukiyama et al., 2012). Therefore, a normally preserved tooth width together with 180 

appropriate ratio values for the sample of interest can be used to estimate the original tooth 181 

crown length (Tsukiyama et al., 2012).  182 

Crown height wear was estimated using crown width/height ratios obtained from unworn teeth in 183 

the Non Ban Jak sample. The crown width height ratio for three maxillary and mandibular tooth 184 

groups (central incisors, lateral incisors, and canines) was calculated following previously 185 

published protocols by Magne et al. (2003) and Marcushamer et al. (2011) as 𝑅 = 𝑊/𝐿, where 186 

W is the mesiodistal crown dimension, L is the incisocervical crown dimension, and R is the 187 

width/length ratio. The calculated sample ratios for the Non Ban Jak sample are presented in 188 

Table 3. Crown height wear for each individual included in this study was then estimated by 189 

using the measured mesiodistal measurement (width) of each tooth and the calculated sample 190 

width/ratio for the tooth type to solve for the incisocervical measurement (length/crown height) 191 

as 𝐿 = 𝑊/𝑅.  192 

2.4 LEH Analysis 193 

The analysis of LEH episodes was undertaken using MicroPolySharp, a computer program that 194 

combines three recently published methods specifically suited for identifying and analysing LEH 195 

in archaeological dental samples that do not have clear or continuous visible perikymata. Figure 196 

1 shows the program’s main screen, which is used to load the microscopically collected data for 197 
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analysis. The first two methods are the ‘Micro Polynomial’ method and the ‘Common Cycle’ 198 

approach, which are used for the objective identification of defects along the enamel surface of 199 

multiple teeth of the same individual (Cares Henriquez & Oxenham, 2017, 2020). The third is a 200 

set of distance-based exponential regression equations used for the objective estimation of LEH 201 

episode chronology and episode duration (Cares Henriquez & Oxenham, 2018).  202 

Figure 1 MicroPoly Sharp V 1.3 –Showing Main Screen – Data Loading and Tooth Selection 203 

 204 

2.4.1 Objective Identification of Defects and LEH Episodes 205 

The identification of LEH episodes followed the protocols described in Cares Henriquez and 206 

Oxenham (2020). Defects on individual teeth were identified as depressions along the enamel 207 

surface that deviated from a fitted trendline. These defects were then chronologically ‘matched’ 208 

with other defects across multiple teeth of the same individual by constructing a common cycle 209 

of defects and allowing each data series a maximum offset of +/- 200 days. Here, only those 210 

defects that could be chronologically matched were considered as evidence of systemic stress 211 

(i.e., LEH episodes). It should be noted that this study differentiates between ‘defects’ and 212 

‘episodes’, with defects referring to those depressions on individual teeth which have not yet 213 

been chronologically matched, whereas ‘episodes’ refers to matched defects. For the handful of 214 
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individuals in the sample that were represented by a single tooth, three distinct data transects 215 

were collected and used for matching of defects.  216 

2.4.2 LEH Episode Chronology 217 

LEH episode chronology is estimated from the constructed common cycle of defects for each 218 

individual using distance-based exponential regression equations by Cares Henriquez and 219 

Oxenham (2018), which are presented in Table 2. The equations rely on previously published 220 

histological data and use the distance of the start of the defect from the CEJ (mm), which has 221 

been standardised to a 10mm tooth, to estimate the age of the individual at the time of defect 222 

formation (Cares Henriquez & Oxenham, 2020). In these equations, the standardised distance of 223 

the start of the defect “x” is calculated as: 224 

 𝑥 = ൭𝑑 ௟

ଵି௠

൘ ൱ × 10 225 

 226 

where the distance of the defect from the CEJ in mm (d), is divided by the observed length of the 227 

tooth in mm (l), which itself is divided by (1- m), where (m) is the percentage of tooth that is 228 

missing expressed as a decimal. Then, this is multiplied by 10 to produce a distance 229 

measurement that has been standardised to a 10mm tooth.  230 

 231 

Table 2 Equations for LEH Defect Chronology by Cares Henriquez and Oxenham (2018). 232 

Tooth Type Equation 

Upper central incisor Age a = 5e−0.146x 

Upper lateral incisor Age = 5.1e−0.106x  

Upper canine Age = 5.3e −0.112x 

Lower central incisor Age = 3.8e −0.135x 

Lower lateral incisor Age = 4.2e −0.144x 

Lower canine Age = 6.2e −0.141x 

a Age in years 233 
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2.4.3 LEH Frequency and Prevalence 234 

LEH frequency was calculated as the number of episodes of growth disruption (chronologically 235 

matched defects) for each individual. Prevalence of LEH was calculated as the number of 236 

individuals with one or more chronologically matched defect divided by the total number of 237 

individuals and is presented as a percentage. 238 

2.4.4 LEH Episode Duration Estimates 239 

LEH episode duration estimates, which encompass both the period of illness and recovery, are 240 

calculated by subtracting the start age from the end age of each episode that was identified in the 241 

common cycle of defects for an individual. This calculation makes use of the same exponential 242 

regression equations used for estimating chronology, which converts the episode start and end 243 

location from the CEJ (mm) to time (years) (see section 2.4.2) (Cares Henriquez, 2019; Cares 244 

Henriquez & Oxenham, 2018, 2020). These estimates are used to calculate average episode 245 

durations as well as the amount of total growth disruption experienced (in days) by individuals 246 

during the time when teeth were forming. 247 

2.4.5 Total Growth Disruption Estimates  248 

Total growth disruption estimates were calculated as the sum of the duration of all identified 249 

LEH episodes (stress + recovery) from the constructed common cycle of defects for the 250 

individual. This is a cumulative value comprised of the number and duration of LEH stress 251 

events and does not take into account crown height wear. 252 

2.4.6 Estimates of Proportion of Available Crown Height Affected 253 

The proportion of available crown height affected by growth disruption was calculated as the 254 

sum of the duration of all identified LEH episodes (stress + recovery) from the constructed 255 

common cycle of defects for the individual. This is a cumulative value comprised of the number 256 

and duration of LEH stress events. Since this study includes individuals that have up to 60% 257 

crown height wear, this estimate is calculated as a proportion of affected enamel from the 258 

available crown height for an individual and is given as a percentage. 259 
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2.4.7 Average Periodicity Estimates 260 

The average periodicity of LEH episodes (interval between successive episodes) experienced by 261 

each individual is calculated by subtracting the age at onset or chronology (in years) for each 262 

matched stress episode from the age at onset of the previous stress event. These interval values 263 

were then averaged and multiplied by 12, to produce an average periodicity for the individual in 264 

months. 265 

2.5 Statistical Analysis 266 

The distribution of the chronology for all observed LEH episodes, also referred to as age at 267 

episode formation or age at onset, was assessed for skewness to ensure that these were normally 268 

distributed. Box plots of crown height wear, number of LEH episodes, age at first episode 269 

formation, proportion of growth disruption, and average periodicity were constructed to present a 270 

visual representation of the distribution between groups by age at death, sex, mortuary phase, 271 

and occupation mound. One-way ANOVAs were used to determine if there were any statistically 272 

significant differences between the means of subgroups (age at death, sex, and mortuary phase 273 

groups). When comparing against groups by occupation mound a Kruskal-Wallis ANOVA test 274 

was used instead due to the large difference in subgroup sample sizes. In addition, multiple 275 

regressions were undertaken to evaluate any associations between an individuals’ number of 276 

LEH episodes, age at first episode formation, total disruption, and average periodicity and age at 277 

death, sex, mortuary phase, and occupation mound. These excluded any individuals with no 278 

matched defects, and individuals from the undetermined age at death category (adult). To control 279 

for any potential effects of crown height wear, this was also included as a predictor variable in 280 

these regressions. The significance threshold for all analyses was set at 0.05. 281 

3 Results 282 

3.1 Crown Width/Height Ratio for Non Ban Jak 283 

Crown width/height ratios for the Non Ban Jak sample were calculated from unworn teeth for the 284 

three maxillary and mandibular tooth groups of interest in this study (central incisors, lateral 285 

incisors, and canines), and are presented in Table 3. 286 

  287 
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Table 3 Mean values (SD) in mm and range of the width, length, and width/length ratio of the 288 
three unworn tooth types of the maxillary and mandibular dentition for Non Ban Jak (Thailand) 289 

TOOTH  n WIDTH W/L RATIO  

Upper Central Incisor  12 8.20 (0.61) 0.72 (0.04) 

(range)  (6.99-8.96) (0.62-0.78) 

Upper Lateral Incisor 9 6.82 (0.96) 0.62 (0.06) 

(range)  (5.50-8.63) (0.56-0.72) 

Upper Canine 15 7.96 (0.71) 0.74 (0.05) 

(range)  (6.34-8.98) (0.64-0.81) 

Lower Central Incisor 7 5.63 (0.81) 0.62 (0.09) 

(range)  (4.83-6.74) (0.45-0.73) 

Lower Lateral Incisor 5 6.23 (0.49) 0.65 (0.07) 

(range)  (5.75-6.78) (0.53-0.72) 

Lower Canine 15 6.83 (0.57) 0.61 (0.07) 

(range)  (6.02-7.67) (0.48-0.75) 

 290 

3.2 LEH at Non Ban Jak 291 

The chronology (age at onset) of all LEH episodes, as well as estimates of periodicity, episode 292 

duration (stress + recovery), total disruption duration, and proportion of enamel growth 293 

disruption are presented in the Supplementary Information (SI) (Table A1) alongside 294 

demographic information for each examined individual. Here, episodes are those defects which 295 

have been chronologically matched across multiple teeth of the same individual, and as such 296 

represent the minimum number of LEH episodes that can be confidently attributed to systemic 297 

physiological stress (see section 2.4.1). Additional information regarding tooth type, number of 298 

teeth used for matching, estimated crown height wear, and common cycle offset are also 299 

included in the SI (Table A1) to ensure the results are replicable and verifiable.  300 

To provide an illustration of tooth wear, Figure 2 shows the dentition of Burial 120, a mid-adult 301 

aged male, excavated from the West occupation mound, and associated with Mortuary Phase 3. 302 

Figure 3 shows a typical microscopic enamel surface scan, which presents a 3D surface scan on 303 
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the top left corner, a coloured surface height topography map on the top right corner, and an 304 

enamel surface profile based on where the data transect is chosen from on the bottom. Figures 4 305 

through to 7 show screenshots of a typical analysis of LEH using MicroPolySharp, again using 306 

Burial 120 as an example. 307 

Figure 2 Non Ban Jak Burial 120 – Close up of dentition examined (Left upper central incisor 308 
(21), left upper lateral incisor (22), and left upper canine (23), with estimated 26% crown height 309 
wear. 310 

 311 

 312 
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Figure 3 Microscopic scan of Burial 120 Upper Central Incisor (21), and raw enamel surface 313 
profile (data not cleaned), with arrows showing approximate location of individual tooth defects 314 
(not yet matched across multiple teeth of the same individual) 315 

 316 

Note: Top left shows 3D surface of tooth captured using OLS microscope. Top right shows coloured 317 
surface height topography (blue being the lowest, orange being the highest point). Bottom shows raw 318 
enamel surface profile prior to data cleaning of tooth edge, with approximate location of defects identified 319 
on this tooth (also see Figure 4 where the defects are identified). 320 
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Figure 4 MicroPolySharp Analysis of Burial 120 – Showing Tooth 1 Upper Central Incisor 21 321 
(D1 = defect 1, etc). 322 

 323 

Figure 5 MicroPolySharp Analysis of Burial 120 - Showing Tooth 2 Upper Lateral Incisor 22 324 

 325 
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Figure 6 MicroPolySharp Analysis of Burial 120 - Showing Tooth 3 -Upper Canine 23 326 

 327 

Figure 7 MicroPolySharp Analysis of Burial 120 - Showing Common Cycle of Defects (matched 328 
defects = LEH episodes) 329 

 330 

Notes: See (Cares Henriquez & Oxenham, 2020) for discussion on artificial defects. 331 
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3.2.1 Frequency, Prevalence, and Distribution 332 

Of the 48 individuals assessed, a total of 119 matched defects were observed. Frequency of LEH 333 

at Non Ban Jak, that is the number of matched defects per individual, ranged from 1-4 episodes, 334 

with an average of 2.5 episodes. The prevalence of LEH, that is the percentage of individuals 335 

affected, was 97.92% (47/48). The observed defects for one individual, B108 a mid-aged male, 336 

could not be matched chronologically and so is considered to have zero verifiable episodes of 337 

LEH. The chronology for all matched LEH episodes, that is the age at onset (also referred to as 338 

age at episode formation), follows a normal distribution (skewness = -0.21, kurtosis = -0.05) 339 

(Figure 6).  340 

Figure 8 The Chronological Distribution of all Matched LEH in this Study 341 

 342 

When considering other studies that have used microscopic techniques, LEH prevalence at Non 343 

Ban Jak is similar to that reported for Houtaomuga group from Northeast China of 96.8% 344 

(30/31), an inland hunter-gatherer population that relied on a fish and millet agriculture as part of 345 

their subsistence strategy (Merrett et al., 2016). A similarly high LEH prevalence was observed 346 

by Temple et al. (2013) among the Jomon foragers from Hokkaido, Japan of 100% (5/5), Jomon 347 

foragers from coastal Honshu 100% (20/20), Tigara Point Hope foragers 80% (8/10), and by 348 
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Guatelli-Steinberg et al. (2004) for the Inuit Point Hope sample of 100% (9/9), and Krapina 349 

Neanderthal foragers 100% (11/11) (see Table 4). These exceptionally high levels of systemic 350 

stress are in line with observations previously made by Hassett (2012, 2014) and others, which 351 

repeatedly demonstrate that microscopic approaches are able to identify more instances of 352 

systemic stress (Cares Henriquez & Oxenham, 2017; Guatelli-Steinberg et al., 2004; Temple et 353 

al., 2013). 354 

 355 

Table 4 Microscopic Studies of LEH - Archaeological Context, Time Period, and LEH 356 
Prevalence of HTMGa, Jomonb, Tigarab, Inuitc, and Neanderthalc in comparison with Non Ban 357 
Jak  358 

Site / Group Date Subsistence N 

(Individuals) 

LEH 

Prevalence 

Non Ban Jak 
(S.E. Asia) 

50-800 CE 
Wet-rice agriculture (increased 
reliance) 

48 98% 

Houtaomugaa 
(N.E. China) 

2250-
2050BP  

Inland hunter-gatherer, fish, millet 
agriculture 

55 
96.8% 
(Adults 
only) 

Hokkaidob 
(Jomon) 

4000-
2300BP 
late/final 

Foragers/marine mammals and 
fish 

5 100% 

Coastal Honshub 
(Jomon) 

4000-2300 
BP 

Foragers / fewer marine mammals 
and fish than Hokkaido 

20 100% 

Tigarab 
(Point Hope) 

1300 - 1700 
CE 

Arctic whaling culture associated 
with the Point Hope site complex 

10 80% 

Inuit – Alaskac 
(Point Hope) 

700-300BP Foragers 9 100% 

Neanderthalc 

(Krapina) 
130000 BP ± 
10000 

Foragers 11 100% 

aMerrett et al. (2016) 359 
bTemple et al. (2013)  360 
cGuatelli-Steinberg et al. (2004) 361 

3.2.2 Chronology of LEH Episodes 362 

The chronology of episodes ranged from 1.4 to 5.5 years of age, with a median age of 3.73 years, 363 

and an average age of 3.66 years. The age of earliest episode formation ranged from 1.4 to 4.2 364 

years of age, with an average and median age of 3.1 years. Meanwhile, the age of last episode 365 

ranged from 2.9 to 5.5 years of age, with an average and median age of 4.3 years. 366 
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3.2.3 Episode Duration (Stress + Recovery), Stress Duration, and Recovery Duration 367 

The duration of individual matched episodes of LEH (stress + recovery) averaged 103 days (3.4 368 

months) and ranged from 27 to 269 days (1-9 months) (see Figure 9). The average episode 369 

duration is comparable to that reported for Inuit foragers of 107 days (range= 56 - 176 days). On 370 

the other hand, the average episode duration was almost twice as long as that reported for 371 

Neanderthal foragers of 58 days (range= 8-200 days) (Guatelli-Steinberg et al., 2004). 372 

At Non Ban Jak, stress duration, as represented by the period in the occlusal wall of each 373 

hypoplastic defect, averaged 56 days (range= 9-191 days) (see Figure 9). This average is similar 374 

to the 62 days (range= 24-128 days) observed for Inuit foragers, and 53 days (range= 16-96 375 

days) reported for Neanderthal foragers, both of which were populations that lived in extreme 376 

arctic and pleniglacial environments. Furthermore, the Non Ban Jak average is almost twice as 377 

long as that reported for the inland hunter-gatherer-fisher-millet cultivators from Houtaomuga 378 

(23 days), as well as coastal Honshu Jomon (27 days), and Hokkaido Jomon (24 days) 379 

populations (Merrett et al., 2016). 380 

The recovery time of individual LEH episodes at Non Ban Jak averaged 47 days (range= 8-151), 381 

which was slightly lower than that reported for Inuit foragers (67 days; N=5; range=32-96 days) 382 

and Neanderthal foragers (50 days; N=4; range=16-104 days) (see Figure 7). However, it should 383 

be noted that the raw data reported for the latter two groups only includes a fraction of all 384 

individuals in their respective studies. 385 
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Figure 9 Average LEH Episode, Stress, and Recovery Durations for Houtaomugaa, Jomonb, 386 
Inuitc, and Neanderthalc in comparison with Non Ban Jak 387 

 388 

aMerrett et al. (2016) 389 
bTemple et al. (2013)  390 
cGuatelli-Steinberg et al. (2004)* 391 
*Note Neanderthal average episode duration (dark blue) includes seven defects that had three or less perikymata 392 
within the entire defect and consequently no distinction is made between the number of perikymata in the occlusal 393 
and cervical walls. This results in a much lower than expected episode average, in relation to the average stress and 394 
recovery durations. 395 
 396 
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The total amount of growth disruption, calculated as the sum of the duration of all identified 399 

stress episodes for a single individual, averaged 263 days (8.7 months) and ranged from 87 to 400 

543 days (3-18 months). 401 

The proportion of available crown height affected by growth disruption averaged 21% and 402 

ranged from 6% to 42%, while LEH periodicity for the sample averaged of 0.7 years (8.6 403 

months) and ranged between 0.2 to 1.9 years (2.4-23 months).  404 
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3.3 Crown Height Wear  405 

The distribution of crown height wear was assessed based on age at death, sex, mortuary phase, 406 

and occupation mound, and can be visualised in the SI (B). The results of a one-way ANOVA 407 

showed a statistically significant difference in the average percentage of crown height wear 408 

between the age at death groups (F = 8.249; DF = 3; P = 0.0002). No differences were observed 409 

by sex (F = 0.513; DF = 2; P = 0.602), mortuary phases (F = 1.355; DF = 3; P = 0.269) or 410 

between the mounds (H = 1.991; P = 0.158). The results of all ANOVA analyses are presented in 411 

the SI (Table A2). 412 

A multiple regression was undertaken to investigate any potential correlations between crown 413 

height wear and age at death, sex, mortuary phase, and occupation mound. A summary of these 414 

and all subsequent multiple regression analyses outcomes are provided in the SI (Table A3). The 415 

overall regression model was statistically significant and found to explain 40% of the variance (F 416 

(4,41) = 6.685, P = 0.000, R^2 = 0.395). A significant positive association between crown height 417 

wear and age at death was observed (B = 7.162, P = 0.000). No significant relationships were 418 

observed between crown height wear and sex (B = 1.444, P = 0.569), mortuary phase (B= -2.402 419 

P= 0.158), or between occupation mound (B = 5.041, P = 0.235). 420 

3.4 Frequency (Number of LEH Episodes) by Age at Death, Sex, Mortuary Phase, 421 
Occupation Mound, and Wear 422 

A comparison of the distribution of total number of episodes by age, sex, mortuary phase, and 423 

mound are presented in the SI (B). An independent between-groups ANOVA yielded no 424 

statistically significant difference in the average number of episodes between the age at death 425 

groups (F = 0.680; DF = 3; P = 0.569), sex (F = 0.687; DF = 2; P = 0.508), mortuary phases (F = 426 

1.393; DF = 3; P = 0.257), or between the mounds (H = 0.088; P = 0.717). The results of all 427 

ANOVA analyses are presented in the SI. 428 

A multiple regression was undertaken to investigate whether there was an association between 429 

age at death, sex, mortuary phase, occupation mound, or crown height wear and the number of 430 

episodes an individual had (see SI). The overall regression model was not statistically significant 431 

(F (5,41) = 1.165, P = 0.343, R^2 = 0.124). No significant relationships were observed between 432 

number of episodes and any of the variables of interest. The full results of this regression can be 433 

found in SI. 434 
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3.5 Age at First Episode, Age at Death, Sex, Mortuary Phase, Occupation Mound, and 435 
Wear 436 

A comparison of the distribution of age at first episode by age at death, sex, mortuary phase, and 437 

mound is presented in the SI (B). The results of a one-way ANOVA indicated a significant 438 

statistical difference in the average age at first episode between the age at death groups (F = 439 

4.03; DF = 3; P = 0.013). No significant difference was identified in average age at first episode 440 

by sex (F = 0.44; DF = 2; P = 0.647), mortuary phase (F = 2.719; DF = 3; P = 0.056), or by 441 

mound (H = 2.70, P = 0.101).  442 

A multiple regression between age at first episode and age at death, sex, mortuary phase, 443 

occupation mound, and crown height wear indicated that the model explained 64% of the 444 

variance (F (5,40) = 13.922, P = 0.000, R^2 = 0.635) (SI). A significant positive association 445 

between age at first episode and crown height wear was observed (B = 0.032, P = 0.000). 446 

Additionally, a significant negative association between age at first episode formation and 447 

mortuary phase (B = -0.146, P = 0.036) was also observed. There was no significant relationship 448 

between age at first episode and age at death (B=0.032, P=0.677, sex (B = 0.049, P = 0.621), or 449 

occupation mound (B = 0.240, P = 0.159). 450 

 451 

3.6 Total Growth Disruption by Age at Death, and Sex, Mortuary Phase, Occupation 452 
Mound, and Wear 453 

A comparison of the distribution of total disruption time by age at death and sex is presented in 454 

the SI. The results of a one-way ANOVA (see SI) indicated that there was no significant 455 

difference in the average total growth disruption by age at death (F = 2.316; DF = 3; P = 0.089), 456 

by sex (F = 0.228; DF = 2; P = 0.797), mortuary phase (F = 0.168; DF = 3; P = 0.917), or 457 

occupation mound (H = 1.134; P = 0.287). 458 

A multiple regression was also carried out to investigate further the relationship between total 459 

disruption and age at death, sex, mortuary phase, occupation mound, and crown height wear (see 460 

SI). The overall regression model was significant (F (5,40) = 3.463, P = 0.011, R^2 = 0.302), 461 

and taken as a set, predicts 30% of the variance in total disruption time. A significant negative 462 

association between total disruption time and crown height wear was observed (B= -3.924, 463 

P=0.009). Again, no association was found between total disruption time and age at death (B = -464 
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10.797, P = 0.544), sex (B = -17.312, P = 0.457), mortuary phase (B = -12.676, P = 0.422), or 465 

occupation mound (B = -27.941, P = 0.476). 466 

 467 

3.7 Proportion of Available Crown Height Affected by Growth Disruption by Age at 468 
Death, Sex, Mortuary Phase, and Occupation Mound 469 

A comparison of the proportion of available crown height affected by age at death, sex, mortuary 470 

phase, and occupation mound is presented in the SI (B). The results of a one-way ANOVA 471 

indicated no significant statistical difference in the mean proportion of affected enamel by age at 472 

death (F = 1.070; DF =3; P = 0.372), sex (F = 1.183; DF = 2; P = 0.316), mortuary phase (F = 473 

1.060; DF = 3; P = 0.376), or occupation mound (H = 0.563; P = 0.453).  474 

A multiple regression was undertaken to investigate whether there was an association between 475 

the proportion of available enamel and age at death, sex, mortuary phase, or occupation mound. 476 

The overall regression model was not statistically significant (F (4,41) = 0.554, P = 0.698., R^2 477 

= 0.051). No significant relationships were observed between proportion of affected enamel and 478 

any of the variables of interest. The full results of this regression can be found in the SI. 479 

3.8 Episode Duration by Age at Death, Sex, Mortuary Phase, Occupation Mound, and 480 
Wear 481 

The distribution of the average duration of episodes by age at death, sex, mortuary phase, and 482 

mound can be visualised in the SI (B). The results of an independent between-groups ANOVA 483 

yielded a statistically significant result for difference in average episode duration by age at death 484 

(F = 4.532; DF = 3; P = 0.008) (see SI). However, no statistically significant difference in the 485 

average episode duration was observed by sex (F = 0.332; DF =2; P = 0.719), mortuary phase (F 486 

= 0.335; DF = 3; P = 0.800), or mound (H = 0.721; P = 0.396).  487 

A multiple regression between average episode duration and age at death, sex, mortuary phase, 488 

occupation mound, and crown height wear was undertaken to investigate any possible 489 

associations. The overall regression model was significant (F (5,41) = 8.206, P = 0.000, R^2 = 490 

0.500), with the overall model predicting 50% of the observed variance in average episode 491 

duration (see SI). A significant negative relationship was observed between average episode 492 

duration and mortuary phase (B = -10.615, P = 0.021), as well as with crown height wear (B = -493 

1.747, P = 0.000). No significant associations were observed between average episode duration 494 
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and age at death (B= -4.502, P=0.353), sex (B= -4.552, P=0.487), or mound (B= -2.918, 495 

P=0.791). 496 

 497 

3.9 Stress and Recovery Duration by Age at Death, Sex, Mortuary Phase, Occupation 498 
Mound, and Wear 499 

The results of an independent between-groups ANOVA yielded a statistically significant 500 

difference in the average duration of stress between the age groups (F = 3.651; DF = 3; P = 501 

0.020). However, no statistically significant difference in the average episode duration was 502 

observed by sex (F = 0.271; DF = 2; P = 0.764), mortuary phase (F = 0.122; DF = 3; P = 0.947), 503 

or mound (H = 1.068; P = 0.302) (see SI). The distribution of average stress duration by age at 504 

death, sex, mortuary phase, and occupation mound is presented in the SI (B). 505 

A multiple regression was undertaken between average stress duration and age at death, sex, 506 

mortuary phase, mound, and crown height wear. The overall regression model was significant (F 507 

(5,41) = 4.187, P = 0.004, R^2 = 0.338), with the overall model predicting 34% of the observed 508 

variance in average stress duration (see SI). A significant negative relationship was observed 509 

between average stress duration and crown height wear (B= -0.931, P=0.006). No significant 510 

associations were observed between average stress duration and age at death (B= -3.620, P= 511 

0.351), sex (B= 2.033, P= 0.697), mortuary phase (B= -1.702, P= 0.631), or mound (B= -1.182, 512 

P= 0.893). 513 

The results of an independent between-groups ANOVA yielded no statistically significant 514 

difference in the average recovery duration between the age at death groups (F = 1.844; DF = 3; 515 

P = 0.154), by sex (F = 2.703; DF =2; P = 0.078), mortuary phase (F = 2.435; DF = 3; P = 516 

0.078), or occupation mound (H = 0.982; P = 0.322) (see SI). The distribution of average 517 

recovery duration by age at death, sex, mortuary phase, and occupation mound is presented in the 518 

SI (B). 519 

A multiple regression between average recovery duration and age at death, sex, mortuary phase, 520 

mound, and crown height wear was undertaken to investigate any possible associations (see SI). 521 

The overall regression model was significant (F (5,41) = 6.861, P = 0.000, R^2 = 0.456), with 522 

the overall model predicting 46% of the observed variance in average episode duration. A 523 

significant negative relationship was observed between average recovery duration and mortuary 524 
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phase (B = -8.920, P = 0.001), as well as with crown height wear (B = -0.818, P = 0.001). No 525 

significant associations were observed between average episode duration and age at death (B = -526 

0.836, P = 0.767), sex (B = -6.599, P = 0.090), or mound (B = -1.717, P = 0.790). 527 

 528 

3.10 Periodicity by Age at Death, Sex, Mortuary Phase, and Occupation Mound 529 

A comparison of the distribution of the average periodicity of individual by age at death, sex, 530 

mortuary phase, and mound is presented in the SI (B). The results of an independent between-531 

groups ANOVA yielded no statistically significant difference in the average periodicity between 532 

the age groups (F = 1.089; DF = 3; P = 0.364), by sex (F = 1.639; DF = 2; P = 0.206), or 533 

between the mortuary phases (F = 0.939; DF = 4; P = 0.451) (see SI). A statistically significant 534 

result for difference in average periodicity was observed between the mounds (H = 6.205; P = 535 

0.013).  536 

A multiple regression between average periodicity and age at death, sex, mortuary phase, mound, 537 

and crown height wear was undertaken to investigate whether any of these variables were 538 

significant predictors (see SI). The overall regression model was not significant (F (5,40) = 539 

1.793, P = 0.136, R^2 = 0.183). No significant relationships were observed between average 540 

periodicity and any of the variables of interest. 541 

4 Discussion 542 

As noted in the Introduction, this is the first large scale microscopic approach to the 543 

identification and analysis of LEH in Southeast Asia to date. As these are the first such data 544 

generated for the region, excluding basic frequency and prevalence results, they are not 545 

comparable to traditional macroscopic studies of LEH (K. M. Domett & O'Reilly, 2009; 546 

Douglas, 1996; Oxenham, 2006; Ward et al., 2020). Until more microscopically generated data 547 

are available both regionally and globally, for that matter, inter-site and multi-period 548 

comparisons are effectively on hold. Notwithstanding, our results can be interpreted through the 549 

lens of the archaeological understanding of late Iron Age Thailand.  550 
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4.1 Crown Width/Height Ratios 551 

An investigation of crown/width height ratios based on 63 teeth deemed to have minimal wear 552 

indicated that the width/length ratio for the maxillary teeth differed slightly from previously 553 

published results of maxillary dentition of Asian (Japanese) and Central European individuals. 554 

Compared to previously published ratios, the proportion of maxillary central incisors at Non Ban 555 

Jak was the same as that of the Asian (Japanese) sample, while the upper lateral incisors were 556 

more slender. The upper canine, on the other hand, was slightly wider on average than both the 557 

Japanese and Central European samples, with the Non Ban Jak ratio more closely resembling the 558 

European sample. Since ratios of anatomical crown width/height of mandibular teeth have not 559 

been previously published, these could not be compared. 560 

4.2 Crown Height Wear and its Effect on the Interpretation of LEH Results 561 

Due to the inclusion of individuals with crown height wear that ranged from minimal to 60%, it 562 

was imperative to determine the potential effects this threshold might have on the interpretation 563 

of LEH results for this study. This was achieved by considering the distribution of crown height 564 

wear between the different age at death groups, as well as by sex, mortuary phase, and 565 

occupation mounds. A significant difference was observed in the average percentage of crown 566 

height wear between the different age at death groups, with a significant positive relationship 567 

detected between these two variables. These results support the often observed trend that older 568 

individuals, especially in archaeological samples, are more likely to suffer from occlusal or 569 

crown height wear (T. King et al., 2005).  570 

Cursory secondary tests of the statistical analysis in this study were conducted using two sets of 571 

stricter thresholds of crown height wear for the inclusion of individuals to determine if this 572 

impact was due primarily to having such a wide range of wear (0-60%) or whether any amount 573 

of wear had the potential to affect the results in the same manner. The first was limited to those 574 

individuals with 30% or less wear, and the second to those with 20% or less wear. In both 575 

instances, the results remained the same, with crown height wear being the primary operating 576 

force for observed differences when considering the different variables of interest and the 577 

different subgroups. 578 
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These secondary tests suggest that even if the amount of accepted crown height wear is reduced, 579 

say from 50% to 30% or even 20% (which to put into perspective is the equivalent of 3mm or 2 580 

mm of enamel wear on a 10mm tooth), if left unaccounted for, can still mistakenly appear as 581 

differences in how subgroups are experiencing LEH. Consequently, simply reducing the 582 

threshold of accepted crown height wear is not sufficient to deal with the effects it may have on 583 

the results, because it is the inclusion of crown height wear variation, however minor the range, 584 

that has the potential to distort the findings. Therefore, it is imperative that studies control for its 585 

effect, whether this be achieved by estimating the wear for each individual included in the 586 

analysis, as is done in this study, or alternatively, limiting the analysis only to include individuals 587 

with the same amount of wear.  588 

4.3 Distribution of LEH episode chronology 589 

The LEH episode chronology for the sample (also sometimes referred to as age at onset or age at 590 

defect formation), was found to be normally distributed. This normal distribution is taken as 591 

evidence that earlier stress episodes on the incisal third of teeth were not simply missed for 592 

individuals with a later age at first episode when that portion of the tooth is available for 593 

examination. This is important for two reasons. First, the particular geometry of striae of Retzius 594 

(internal incremental layers of enamel) make the identification of LEH defects in the incisal third 595 

of teeth more difficult, as these result in LEH defects that are shallower and more poorly defined 596 

than on the mid and cervical thirds (Guatelli-Steinberg, Ferrell, & Spence, 2012; Hillson & 597 

Bond, 1997; T. King et al., 2005). Second, the incisal or occlusal third of teeth is most likely to 598 

suffer from both crown height and labial surface wear, and generally this is more likely to occur 599 

in older individuals (T. King et al., 2005). While some studies address this latter issue by limiting 600 

their samples to include only individuals with minimal attrition (usually 10% wear), here the 601 

threshold is set to include teeth that preserve 60% or more of crown height. This threshold was 602 

chosen to maximise the sample size to obtain a more comprehensive understanding of how 603 

systemic stress was experienced by individuals across all the age categories represented in the 604 

sample.  605 

LEH episodes extended from 1.4 – 5.5 years of age. Thus, they covered almost the entirety of 606 

time that is captured during the development of the anterior dentition and is thus available for 607 

observation. The median age of stress events was found to be 3.73 years of age, with an average 608 
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age of 3.66 years. Quite often, a concentration of LEH found at this age is associated with the 609 

process of weaning, which is understood to begin anywhere from the age of about 6 months with 610 

the introduction of supplementary foods and extends until breast-feeding is terminated (Sellen, 611 

2007). However, an increased presentation of stress events at this age may in fact simply be a 612 

consequence of tooth crown geometry that results in LEH being more prominent and easier to 613 

identify in the intermediate or mid-section of the crown rather than an indication of higher stress 614 

burdens (Guatelli-Steinberg et al., 2012; Hillson & Bond, 1997; Temple, 2016). Furthermore, 615 

due to the considerable variation in both global and cultural ages embraced for the weaning 616 

process, the age at which the process occurs is best identified isotopically from specific skeletal 617 

samples rather than based simply on an increased manifestation of these events (Humphrey, 618 

2008). 619 

4.4 Prevalence of LEH at Non Ban Jak 620 

Of the 48 individuals included in this study, 47 exhibited at least one defect that could be 621 

matched chronologically across multiple teeth of the same individual and was considered as 622 

evidence of systemic stress. While the defects identified on B108 (a mid-aged male) could not be 623 

matched chronologically, these could still be the result of systemic stress. Nevertheless, these 624 

were discounted from the overall results. As such, the findings from this study suggests not only 625 

that the prevalence of LEH at Non Ban Jak was extremely high (97.92%), but that the proportion 626 

of individuals with LEH was higher than the 32/38 (84.2%) previously reported in a macroscopic 627 

analysis of LEH at Non Ban Jak (Ward et al., 2020). When comparing macroscopic and 628 

microscopic studies of LEH, it is not unusual for the latter both to identify LEH on most 629 

individuals that are assessed as well as to identify more instances of LEH in general (Cares 630 

Henriquez & Oxenham, 2017; Hassett, 2014; T. King et al., 2005; Temple, 2016). Since almost 631 

all individuals were affected by LEH, there are no differences in prevalence between any of the 632 

four subgroups of interest (i.e., age at death, sex, mortuary phase, and occupation mound).  633 

4.5 Frequency (Number of LEH Episodes) 634 

The number of episodes per individual was used as a parameter to investigate whether 635 

differences were present between various subgroups in this sample. The results suggest the 636 

average number of LEH stress events experienced by individuals at Non Ban Jak was similar 637 

regardless of age at death, sex, mortuary phase, or occupation mound. Unsurprisingly, no 638 
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correlation was found between these four factors and the number of stress episodes experienced 639 

by an individual.  640 

Some studies have considered the link between number of episodes and age of first episode to 641 

investigate the potential of LEH as a predictor of early mortality (Berbesque & Hoover, 2018; 642 

Merrett et al., 2016; Temple, 2014). Berbesque and Hoover (2018) observed that individuals 643 

with more LEH had an earlier age of first episode, juveniles had the highest incidence of LEH, 644 

and that a higher incidence of LEH was associated with earlier age of death. Similarly, Temple 645 

(2014) also found  that individuals with an earlier age at first episodes had greater amounts of 646 

LEH compared with those with later age at first episode, and that younger individuals had an 647 

earlier age at first episode. These correlations were then used as a means for contemplating the 648 

results with respect to a predictive response model vs a plasticity/constraint model of human life 649 

history, which was possible given that the crown height wear threshold for all individuals was set 650 

to <90% (Temple, 2014). 651 

Here, this association is not investigated due to the intricate relationship that exists between the 652 

number of LEH and earliest age of first episode, in particular once crown height wear is 653 

introduced. Due to the limited window of time that is captured by teeth, these two variables will 654 

always be dependent on each other. That is, there is a set amount of space in which LEH defects 655 

can occur, and that, together with the gradual change in perikymata spacing, acts as a constraint 656 

on the possible maximum number of LEH that a tooth can capture. This relationship becomes 657 

even more complex once variable crown height wear is introduced (discussed in section 4.2), 658 

because less wear on a tooth will result in the possibility and higher probability of earlier first 659 

episodes remaining on the tooth enamel as a record of stress that was experienced. 660 

Simply put, age at death becomes a predictor of crown height wear, and crown height wear is a 661 

predictor of age at earliest episode. Consequently, if wear is not properly accounted for, this then 662 

can mistakenly appear as though age at earliest episode is a predictor for age at death. 663 

4.6 Age at First Stress Episode 664 

A noticeable difference in average age at first episode between the age groups was observed, 665 

with older individuals experiencing their first episode at a much later age than those who died at 666 

a younger age. However, unlike the findings of other microscopic studies that were not 667 
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confounded by variable crown height wear within its sample, this was not accompanied by 668 

evidence of a significant relationship between age at first episode and age at death to indicate 669 

that earlier exposure was correlated with a higher risk of premature mortality (Temple, 2014). A 670 

closer investigation of the results suggests that in this study this observed pattern is best 671 

explained by the relationship between crown height wear and age at death (see section 4.2 and 672 

4.5), which results in older individuals generally having less enamel available for examination 673 

and as such, presenting with their first episode at a slightly later age.  674 

Interestingly, a significant negative association was observed between age at first episode and 675 

mortuary phase, suggesting that individuals in the later mortuary phases were experiencing their 676 

first episode at a relatively younger age than those from earlier phases. Further analysis 677 

confirmed that, unlike other relationships observed in this study, this association was not driven 678 

by the effects of crown height wear, noting that no statistically significant difference in the 679 

average percentage of crown height wear was observed between the mortuary phases. Given the 680 

small subgroup sample sizes, this finding should be interpreted with caution. Nevertheless, this 681 

observed relationship is certainly worthy of further investigation when additional samples 682 

become available. No other differences or associations were observed between age at first 683 

episode and sex, or occupation mound.  684 

4.7 Total Growth Disruption and Proportion of Available Crown Height Affected by 685 
Growth Disruptions 686 

The average amount of total growth disruption experienced by older individuals was 687 

considerably less than for those in the younger age categories. However, again, when examined 688 

more closely, this was the product of significant negative association between total disruption 689 

time and crown height wear (see Section 4.2 and 4.5). 690 

Unsurprisingly, given the extremely high levels of LEH prevalence at Non Ban Jak, once growth 691 

disruption was controlled for and considered as a proportion of available crown height, there was 692 

no difference in the proportion of crown affected by growth disruptions for any of the subgroups 693 

of interest. 694 



32 
 

4.8 Duration of LEH Episodes, Stress, and Recovery 695 

The duration of entire LEH episodes (stress + recovery) averaged 3.4 months (103 days) and 696 

ranged from approximately just under one month to nine months. A significant difference in the 697 

average duration of episodes was observed between individuals by age at death, with younger 698 

individuals appearing to experience, on average, lengthier LEH episodes. However, further 699 

investigation suggests that this difference is best explained by the effects of crown height wear 700 

(see section 4.2 and 4.5). 701 

While the LEH episode average was most similar to that previously observed for Inuit foragers 702 

from Point Hope (107 days), the range captured by both the Krapina Neanderthal (8-200 days) 703 

and Inuit foragers (56-176 days) fell within, or close to, that recorded for Non Ban Jak (27-269 704 

days) (Guatelli-Steinberg et al., 2004). However, this episode average is inclusive of both the 705 

stress and recovery portion of LEH. Given that the few existing microscopic studies of other 706 

regions rely on the presence of perikymata, it is much more likely to see results of LEH duration 707 

discussed in terms of just the stress portion of these episodes, that is the period of time captured 708 

in the occlusal wall of each defect. 709 

When considering the individual components of LEH episodes, the average duration of stress at 710 

Non Ban Jak was 1.9 months (56 days) and ranged from 9 days to 6.4 months. A significant 711 

difference in the average stress duration of LEH was observed between individuals by age at 712 

death, with younger individuals appearing to experience lengthier LEH stress durations. Again, 713 

further investigation confirmed that this was best explained by the effects of crown height wear 714 

(see section 4.2 and 4.5).  715 

The average recovery duration of LEH at Non Ban Jak was 1.6 months (47 days) and ranged 716 

between 8 days to 5 months, and no differences were observed between the different subgroups 717 

of interest. This average was slightly shorter than that reported for Inuit (67 days) and 718 

Neanderthal (50 days) foragers. 719 

The results of this study show that individuals at Non Ban Jak were coping with stress events 720 

that, on average, lasted almost two months. While this was on par with the duration of stress 721 

events observed for Inuit (62 days) and Neanderthals (53 days), both forager groups that lived in 722 

extreme cold environments, it is almost twice as long as that experienced by the two forager 723 
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Jomon and Tigara groups, whose diet was supplemented with marine mammals, fish, and C3 724 

plants (Guatelli-Steinberg et al., 2004; Temple, 2014). Similarly, it was also twice as long as that 725 

reported for the Houtaomuga inland hunter-gatherer population, which aside from supplementing 726 

their diet with fish, relied on millet agriculture (Merrett et al., 2016).  727 

Archaeological evidence at Non Ban Jak suggests that while rice was a significant component of 728 

the diet, this was also supplemented by domestic pig, cattle, and water buffalo, as well as 729 

shellfish and fish. Notwithstanding, there appears to be an increased reliance on wet-rice 730 

agriculture as part of an adaptive response to climate change (reduced rainfall) in the late Iron 731 

Age period at Non Ban Jak (Higham et al., 2020), which may have led to a narrowing of dietary 732 

breadth. Communities attempted to counter the increasing aridity through the construction of 733 

moats/reservoirs to conserve and distribute water. Subsequently, this also led to a shift from dry 734 

rice farming, as evidenced by weed seeds in nearby Ban Non Wat, to the establishment of fixed, 735 

irrigated wet-rice fields (Castillo et al., 2018; Higham et al., 2020).  736 

It is worth situating this discussion in the context of the demographic picture at Non Ban Jak. 737 

Buckley et al. (2020) note that of a total sample of 195 individuals, 125 were aged less than 15 738 

years old. Using the McFadden and Oxenham (2018) fertility estimation model this equates to a 739 

very high total fertility rate of 7.18 children per woman on average. Further, the estimated rate of 740 

natural population increase (RNPI) for Non Ban Jak is an exceptionally high 4.84%, albeit not 741 

unexpected given previous modelling of RNPI in ancient Southeast Asia (see (McFadden & 742 

Oxenham, 2020). It would seem reasonable to suggest that substantive changes in subsistence 743 

and lifeways in tandem with significantly high rates of fertility and rate of natural population 744 

increase may be correlated, if not causally related, with the much longer lasting periods of stress 745 

observed at Non Ban Jak, when compared to the two forager Jomon and Houtaomuga groups. 746 

A negative relationship was observed between LEH episode duration and mortuary phase, 747 

signalling that, on average, the length of LEH episodes gradually became shorter as time 748 

progressed during the 800-year period covered between mortuary phase one and mortuary phase 749 

four. Interestingly, when considering the separate components of LEH episodes (stress + 750 

recovery), this same pattern was observed for recovery duration, but not for stress duration. This 751 

suggests that while the overall length of LEH episodes and periods of stress remained fairly 752 

stable over the Late Iron Age period at Non Ban Jak, as time went by, individuals were 753 
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experiencing their first stress episode at a younger age, albeit they were starting to recover more 754 

quickly from these physiological insults. 755 

A relatively recent study into long bone lengths at Non Ban Jak found that the mean length of 756 

long bones for males increased over time (average= 169.6cm; range:154.9 - 180.5cm), while this 757 

measure decreased over time for females, except for the tibia and fibula (average= 157.9cm; 758 

range=150.7 - 166.1cm) (Ward et al., 2020). However, these differences between the sexes were 759 

not found to be statistically significant. In fact, preliminary comparison of estimated stature 760 

between those reported at Non Ban Jak and other prehistoric samples from the region, found that 761 

females at Non Ban Jak were, on average, taller than those from other sites (third tallest of the 762 

prehistoric samples from Cambodia and Thailand) and males were found to be the tallest 763 

(Buckley et al., 2020). When considered together, these findings suggest that perhaps despite 764 

living in an environment that presented with additional exposure to stress, which consequently 765 

meant that all members of the community were equally affected, the community was adapting 766 

and becoming more resilient over time. 767 

Currently, there is no consensus as to how the many complex changes that were taking place in 768 

the Upper Mun River valley during the Iron Age, including changes in diet, migratory patterns, 769 

environmental, and socioeconomic changes affected the health status of these populations. A 770 

number of studies have observed an increase in the prevalence of infectious diseases, infant 771 

mortality, along with evidence of increased levels of  non-specific systemic stress, albeit from 772 

limited bioarchaeological data (Halcrow, Tayles, & King, 2016; C. L. King, Halcrow, Tayles, & 773 

Shkrum, 2017). On the other hand, other studies have reported an improvement in health over 774 

time, with some complexities, including evidence of a particular deterioration in the final stages 775 

of this period (Cekalovic, 2014; K. Domett & Tayles, 2006; Newton, 2014).  776 

The results of this study, which is focused solely on Non Ban Jak, provides further evidence of 777 

the intricate and complex nature of assessing the health outcomes of these past communities, and 778 

highlights the trouble with attempting to apply a ‘one size fits all’ model of health. While the 779 

relationships observed at Non Ban Jak certainly allow room for speculation, it should be noted 780 

that the subgroup sizes are in fact relatively small. As such, much more data is needed to 781 

ascertain whether the ostensible trend of gradual increased levels of stress coupled with what 782 
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might be interpreted as improved resilience will stand the test of time, both for other samples 783 

from these final stages as well as those periods leading to the Iron Age and late Iron Age. 784 

4.9 Periodicity 785 

A modest difference in the average periodicity between the East and West occupation mounds 786 

was observed, with individuals in the West mound having, on average, shorter intervals of time 787 

between episodes of LEH than those from the East. However, further analysis showed that 788 

despite a difference in mean periodicity, occupation mound was not found to be a predictor for 789 

periodicity. Given that no other LEH aspects investigated (i.e., number of LEH, age at first 790 

episode, growth disruption, or duration) have indicated any differences between the mounds, the 791 

observed difference in mean periodicity is likely to be the result of sampling than of any genuine 792 

differences due to the substantially different sample size between the East (n=8) and West 793 

(n=39) mounds. 794 

4.10 Limitations 795 

The recently published methods employed in this study have certainly gone some way in helping 796 

to address an ever-widening gap between subjective qualitative and objective quantitative 797 

approaches for assessing LEH in archaeological samples. Such methods have added to, and 798 

improved, the bioarchaeological toolkit available to researchers thus making it possible to assess 799 

the experience of systemic stress in archaeological samples using microscopic methods that do 800 

not rely on the presence of visible perikymata. Nevertheless, a key limitation of the approach 801 

advocated here is that there are numerous layers of estimation that take place in each of the steps 802 

for identifying and then analysing LEH (chronology, duration, and periodicity), precisely due to 803 

the method’s non reliance on perikymata counts.  804 

Perikymata count approaches also have their own limitations, namely that unless the samples are 805 

examined histologically, they too must approximate values for chronology, duration, and 806 

periodicity, as they rely on known average perikymata periodicities and will often report their 807 

findings based on 8 days, 9 days, and 10-day averages. Perikymata periodicity, or daily secretion 808 

rate (i.e., that is the exact number of days of growth enamel that these represent) not only varies 809 

between different populations, but also from person to person. This daily secretion rate is only 810 

constant for all of the teeth in any given individual (FitzGerald, 1998). In humans, this has been 811 
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documented to range from 6-12 days (Smith et al., 2007), with an average of 8-9 days (Dean & 812 

Reid, 2001). As such, rather than placing too much emphasis on minor differences in observed 813 

values, the greatest benefit to be gained from results obtained using the methods employed in this 814 

study will be for identifying trend patterns and observing general changes over time, and 815 

differences between subgroups of interest, and avoiding the trap of false or misplaced precision 816 

in the numerical values reported. 817 

 818 

5 Conclusion 819 

As has been noted by other researchers, the variables used for ascertaining differences between 820 

groups and populations can vary in their degree of usefulness (T. King et al., 2005). Furthermore, 821 

there are also several caveats as to how results are interpreted. Crown height wear, for example, 822 

which affects the amount of available enamel surface that is available for examination, was 823 

found to have a significant impact on the way results are interpreted.  824 

The findings of this study suggest that simply setting a minimum crown height wear threshold 825 

(i.e., less than a certain %) is not sufficient to control for the potential effects this can have on 826 

other variables of interest. This is because even a small amount of variation between individuals 827 

can create the illusion of differences between subgroups that do not exist. It is suggested that 828 

there are three options to avoid this issue: 1) estimate the individual wear for each tooth, as is 829 

done in this study; 2) only include individuals with no wear, which can make it difficult to 830 

include a full range of ages for the group being studied; and 3) only include individuals that have 831 

the same amount of wear. 832 

Additionally, prevalence, that is the percentage of individuals affected by LEH, is often used in 833 

macroscopic studies to assess differences between groups (Bennike, Lewis, Schutkowski, & 834 

Valentin, 2005; Buzon, 2006; K. M. Domett & O'Reilly, 2009; Novak et al., 2018; Obertová, 835 

2005; Oxenham, 2006; Pechenkina, Benfer, & Zhijun, 2002; Pietrusewsky & Douglas, 2002; 836 

Shuler et al., 2012; Stodder, 1997; Temple, 2007, 2010; Ward et al., 2020). However, as 837 

microscopic studies are increasingly demonstrating, these differences in prevalence are much 838 

more likely to be associated with the resolution of the observations than actual differences within 839 

populations that exhibit LEH (Cares Henriquez & Oxenham, 2017; Hassett, 2012, 2014; T. King 840 
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et al., 2005; Temple et al., 2012). Frequency is also another variable that is often discussed by 841 

macroscopic studies. However, this does not take into account that a large number of short stress 842 

events can in fact represent the same amount of total growth disruption as a smaller number of 843 

long stress episodes due to the normal variation in spacing of perikymata along the tooth (Hillson 844 

& Bond, 1997). Therefore, while in some cases it may be possible to observe a difference in the 845 

number of stress episodes between groups, a simple tally of these cannot adequately differentiate 846 

the experience of these stress events.  847 

Similar issues can arise when assessing periodicity or the amount of time between stress events. 848 

This is because the mean periodicity for an individual with numerous short stress events can look 849 

quite similar to that of an individual with fewer events of extended periods. Consequently, the 850 

interpretation of periodicity differences can also be problematic. As such, it is best that results 851 

are interpreted alongside other corroborating evidence. 852 

Overall, this study found that the individual components of LEH episode duration, that is stress 853 

and recovery durations, along with age at first episode were the most sensitive and useful 854 

parameters for discerning differences between the subgroups of interest. In cases of severe 855 

systemic stress at a population level, where an extremely high proportion of individuals are 856 

affected by LEH, it is not unusual to experience difficulties in identifying differences in how 857 

these stresses were experienced (Merrett et al., 2016). Given the extremely high prevalence of 858 

LEH at Non Ban Jak, all individuals were, for the most part, equally affected. As such, it was 859 

only by exhausting all possible variables of interest that made it possible to delve deep enough to 860 

discern subtle differences as well as confirm similar levels of exposure and experiences. 861 

In terms of the available data from Southeast Asia, and more specifically Thailand, Non Ban Jak 862 

is a window into the later stages of a long occupation of the region by farmers, which began 863 

some 2500 years earlier. Therefore, it is critical that samples from the Neolithic, Bronze Age, 864 

and Iron Age, as preserved by human skeletal remains at nearby Ban Non Wat, are also 865 

examined at the same resolution as those from Non Ban Jak. Only then, can this begin to shed 866 

light into changes in the experience of systemic stress, as evidenced by LEH, prior to and leading 867 

into the late Iron Age Period as recorded by Non Ban Jak. 868 
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SUPPLEMENTARY INFORMATION 1145 

 1146 

A. Complete LEH results for this study 1147 

 1148 

Table A 1 LEH Results Plus Accompanying Demographic Information for All Individuals In This 1149 
Study 1150 
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113 4 W M F 13 44 1 A 3.9  75 41 34 130 
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        22 12 -23 C 4.9 1.0 60 32 28  

145 5 E Y F 11 7 3 A 1.7  85 53 32 510 

     21 12 -10 B 2.4 0.7 219 175 44  

        22 6 19 C 3.9 1.5 206 94 112  

147 4 W Y M 11 12 10 A 2.2  51 14 37 255 

     21 15 4 B 2.8 0.6 157 87 70  

        23 25 -6 C 3.7 0.8 47 22 25  

150 3 W ADS M 11 8 45 A 2.4  222 144 78 461 

     21 8 17 B 3.4 1.1 239 191 48  

        23 0 -55              

162 1 W Y F 23 28 47 A 4.2 0.0 104 62 42 104 

     33 30 39        

        43 30 -36              

164 2 E M M 11 33 -28 A 2.6  56 25 31 188 

        23 7 23 B 3.6 0.9 132 82 50  

176 2 E M M 33 25 -44 A 3.3  44 22 22 352 

     43 24 56 B 4.1 0.8 134 77 57  

              C 5.2 1.1 174 113 61  

182 2 E ADS F 11 7 124 A 2.3  89 50 39 543 

     12 12 18 B 2.8 0.6 185 64 121  

     13 19 -73 C 3.8 0.9 269 135 134  

        23 12 28              

190 2 E O M 11 32 8 A 3.5  74 39 35 159 

     21 39 -36 B 4.5 1.0 85 55 30  

        23 40 12               
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 1152 

 1153 

  1154 
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Table A 2 Results of ANOVA Analyses for outcomes of interest (Differences in Means) 1155 

 Factor SS df MS F P-value 

Crown Height 
Wear 

Age at Death 2853 3 951 8.249 0.000*** 

Sex 164 2 88.968 0.513 0.602 

Mortuary Phase 675 3 225 1.355 0.269 

Occupation 

Mound# 
H= 1.991 N=48 - - 0.158 

Number of 
Episodes 
 

Age at Death 1.346 3 0.449 0.680 0.569 

Sex 0.888 2 0.444 0.687 0.508 

Mortuary Phase 2.601 3 0.867 1.393 0.257 

Occupation 

Mound# 
0.088 1 0.088 0.133 0.717 

Age-at-first 
Episode 
 

Age at Death 4.336 3 1.445 4.031 0.013*** 

Sex 0.394 2 0.197 0.440 0.647 

Mortuary Phase 3.205 3 1.068 2.719 0.056 

Occupation 

Mound# 
H= 2.695 N=47 - - 0.101 

Total Growth 
Disruption 

Age at Death 86146 3 28715 2.316 0.089 

Sex 6268 2 3134 0.228 0.797 

Mortuary Phase 7099 3 2366 0.167 0.917 

Occupation 

Mound# 
H=1.134 N=48 - - 0.287 

Proportion of 
Affected 
Enamel 

Age at Death 214 3 71.334 1.070 0.372 

Sex 228 2 77.413 1.183 0.316 

Mortuary Phase 303 4 75.777 1.165 0.340 

Occupation 

Mound# 
H=0.563 N=47 - - 0.453 

Average 
Episode 
Duration 

Age at Death 14846 3 4949 4.532 0.008*** 

Sex 930 2 465 0.332 0.719 

Mortuary Phase 3950 4 987 0.707 0.592 

Occupation 

Mound# 
H=0.721 N=47 - - 0.396 

Average 
Stress 
Duration 

Age at Death 6096 3 2032 3.651 0.020** 

Sex 373 2 186 0.271 0.764 

Mortuary Phase 259 3 86 0.122 0.947 
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 Occupation 

Mound# 
H=1.068 N=47 - - 0.302 

Average 
Recovery 
Duration 
 

Age at Death 2230 3 743 1.844 0.154 

Sex 2104 2 1052 2.703 0.078 

Mortuary Phase 2791 3 930 2.435 0.078 

Occupation 

Mound# 
H=0.982 N=47 - - 0.322 

Average 
Periodicity 
 

Age at Death 49.359 3 16.453 1.089 0.364 

Sex 47.823 2 23.911 1.639 0.206 

Mortuary Phase 0.393 4 0.098 0.939 0.451 

Occupation 

Mound# 
H= 6.205 N=47 - - 

0.013*** 

 
Notes: *** significant at the 1% confidence level; **significant at the 5% confidence level; # Kruskal-Wallis test. 1156 

 1157 

  1158 
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Table A 3 Results of the Multiple Regression Analyses for Number of Episodes, Age at first 1159 
episode, total growth disruption, and average periodicity by Age at Death, Sex, Mortuary Phase, 1160 
and Occupation Mound (N=47) 1161 

 
Regression 
Significance F 

R 
Square 

Factor Coefficient 
Standard 
Error 

P-value 

Crown 
Height 
Wear 

0.000* 0.395 

Age at Death 7.162 1.577 0.000*** 

Sex 1.444 2.517 0.569 

Phase -2.402 1.671 0.158 

Mound 5.041 4.186 0.235 

Number 
of  
Episodes 

0.426 0.124 

Age at Death -0.177 0.138 0.206 

Sex 0.121 0.186 0.519 

Phase  0.168 0.124 0.183 

Mound -0.215 0.314 0.498 

Wear 0.015 0.010 0.167 

Age at 
first 
episode 

0.000* 0.629 

Age at Death 0.032 0.076 0.677 

Sex 0.049 0.099 0.621 

Phase -0.146 0.067 0.036** 

Mound 0.240 0.167 0.159 

Wear 0.032 0.006 0.000*** 

Total 
Growth 
Disruptio
n 

0.011* 0.302 

Age at Death -10.797 17.630 0.544 

Sex -17.312 23.044 0.457 

Phase -12.676 15.614 0.422 

Mound  -27.941 38.834 0.476 

Wear -3.924 1.424 0.009*** 

Proportio
n crown 
height 
affected 

0.698 0.051 

Age at Death -1.540 1.229 0.217 

Sex -0.501 1.962 0.800 

Phase -0.730 1.302 0.578 

Mound -1.777 3.262 0.589 

Average  
Episode 
Duration 

0.000* 0.500 

Age at Death -4.502 4.795 0.353 

Sex -4.552 6.495 0.487 

Phase -10.615 4.405 0.021** 

Mound -2.918 10.957 0.791 

Wear -1.747 0.401 0.000*** 

Average 
Stress 
Duration 

0.004* 0.338 

Age at Death -3.620 3.833 0.351 

Sex 2.033 5.193 0.697 

Phase -1.702 3.522 0.631 

Mound -1.182 8.760 0.893 
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Wear -0.930 0.321 0.006*** 

Notes: *** significant at the 1% confidence level; **significant at the 5% confidence level. Note: Phase refers to 1162 
Mortuary Phase, and Mound refers to Occupation Mound. 1163 

  1164 
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B. Comparison of LEH distribution between different groups of interest 1165 

 1166 

Figure B. 1 Distribution of Crown Height Wear by Age at Death, Sex, Mortuary Phase, and 1167 
Occupation Mound1168 

 1169 
Notes: Widths of boxes are proportional to square roots of the number of observations. Sample means given as + in 1170 
each box. Sample sizes given above category labels on x-axis.1171 
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Figure B. 2 Distribution of Number by Age at Death, Sex, Mortuary Phase, and Occupation 1172 
Mound1173 

 1174 
Notes: Widths of boxes are proportional to the square roots of the number of observations. Sample means given as 1175 
+ in each box. Sample sizes given above category labels on x-axis. 1176 
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Figure B. 3 Distribution of Earliest LEH episode by Age at Death, Sex, Mortuary Phase, and 1177 
Occupation Mound. 1178 

 1179 

Notes: Widths of boxes are proportional to the square roots of the number of observations. Sample means given as 1180 
+ in each box. Sample sizes given above category labels on x-axis. 1181 
 1182 
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Figure B. 4 Distribution of Total Disruption by Age at Death, Sex, Mortuary Phase, and 1183 
Occupation Mound 1184 

 1185 

Notes: Widths of boxes are proportional to the square roots of the number of observations. Sample means given as 1186 
+ in each box. Sample sizes given above category labels on x-axis. 1187 

1188 
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Figure B. 5 Distribution of Proportion of Available Crown Height Affected by Age at Death, 1189 
Sex, Mortuary Phase, and Occupation Mound 1190 

 1191 

 1192 
Notes: Widths of boxes are proportional to the square roots of the number of observations. Sample means given as 1193 
+ in each box. Sample sizes given above category labels on x-axis. 1194 

 1195 

 1196 
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Figure B. 6 Distribution of Average Episode Duration by Age at Death, Sex, Mortuary Phase, 1197 
and Occupation Mound 1198 

1199 

  1200 
Notes: Widths of boxes are proportional to the square roots of the number of observations. Sample means given as 1201 
+ in each box. Sample sizes given above category labels on x-axis. 1202 

 1203 

 1204 
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Figure B. 7 Distribution of Average Stress Duration by Age at Death, Sex, Mortuary Phase, and 1205 
Occupation Mound 1206 

1207 

  1208 
Notes: Widths of boxes are proportional to the square roots of the number of observations. Sample means given as 1209 
+ in each box. Sample sizes given above category labels on x-axis. 1210 

 1211 

 1212 

 1213 
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Figure B. 8 Distribution of Average Recovery Duration by Age at Death, Sex, Mortuary Phase, 1214 
and Occupation Mound 1215 

1216 

  1217 
Notes: Widths of boxes are proportional to the square roots of the number of observations. Sample means given as 1218 
+ in each box. Sample sizes given above category labels on x-axis. 1219 

 1220 

  1221 
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Figure B. 9 Distribution of Individual Periodicity by Age at Death, Sex, Mortuary Phase, and 1222 
Mound. 1223 

  1224 

 1225 

 1226 
Notes: Widths of boxes are proportional to the square roots of the number of observations. Sample means given as 1227 
+ in each box. Sample sizes given above category labels on x-axis. 1228 
  1229 


