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Abstract  

Previous archaeological research on dental health in the New World has documented 

significant sex differences in antemortem tooth loss (AMTL), with a much higher rate of AMTL 

in females versus males, particularly during the transition to agriculture. While AMTL can be 

caused by multiple factors, including periodontal disease, attrition, trauma, and cultural 

influences, sex differences are often attributed to the impact of female reproductive biology on 

oral health. Clinical research on osteoporosis has documented a significant relationship between 

AMTL and age-related bone loss, which disproportionately affects women. However, this 

relationship has not been systematically investigated in prehistoric populations. This study aims 

to address this issue by investigating the relationship between sex, AMTL, and age-related bone 

loss in an archaeological sample from East-Central Arizona. AMTL, dental caries, and radial and 

femoral cortical and trabecular bone mineral density (BMD) were measured in individuals from 

Point of Pines Pueblo, Arizona (AD 1200-1450). Our results revealed that while there was no 

statistically significant difference in AMTL between males and females in this sample, there 

were notable sex differences in the relationship between AMTL, caries, age, and BMD. There 

was a significant association between caries, age, and AMTL in females, but not in males. 

Conversely, while age had a significant effect on caries in males, there was no corresponding 

relationship in females. Cortical BMD had a moderate effect on AMTL in females, comparable 

to the effect of age, although this did not reach statistical significance. There was no significant 

effect of BMD on AMTL in males. The results suggest that biocultural processes differentially 

affected oral health in males and females at Point of Pines Pueblo, and that age-related cortical 

bone loss potentially impacted AMTL in females in this population, but further research is 

needed.  
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Introduction  

Dental caries and antemortem tooth loss (AMTL) have traditionally been used by 

bioarchaeologists to infer information about diet and overall health in past populations, 

particularly levels of carbohydrate consumption (Hillson, 2001; Larsen, 1995). The relationships 

between oral pathologies, diet, and health are of particular interest in populations undergoing the 

transition to agriculture, which resulted in dramatic dietary, cultural, and demographic shifts 

(Armelagos & Cohen, 1984; Larsen, 1995, 2015). Previous studies have reported significant sex 

differences in dental health in prehistoric populations in the New World, with females 

experiencing a higher rate of caries and AMTL (Cucina, Cantillo, Sosa, & Tiesler, 2011; Cucina 

& Tiesler, 2003; Klaus & Tam, 2010; Taylor, 2005; Watson, Fields, & Martin, 2010). These sex 

differences appear particularly pronounced in populations undergoing the transition to 

agriculture, potentially as a result of new sex-based differences in diet (Larsen, 1983; Lukacs, 

1996) or increased parity (Fields, Herschaft, Martin, & Watson, 2009; Lukacs, 1996, 2008; 

Watson et al., 2010). Similar observations were made among Hadza foraging communities 

undergoing the transition from living in bush camps to village life (Crittenden et al., 2017). Other 

explanations related to differences in female reproductive biology including hormonal 

differences (Lukacs, 2008; Lukacs & Largaespada, 2006), saliva pH (Lukacs, 2008; Lukacs & 

Largaespada, 2006), and osteoporosis (Watson et al., 2010) have also been suggested. However, 

the relationship between female reproductive ecology and AMTL is complicated by observations 

that local cultural practices (e.g. dietary changes over the life course) may provide a buffer 

against the development of dental pathologies (Trombley et al., 2019).  

AMTL can be caused by multiple factors, including periodontal disease, but is most often 

a consequence of dental caries (Hillson, 2001; Shigli, Hebbal, & Angadi, 2009). Caries are the 
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result of certain strains of bacteria, which turn carbohydrates and sugars in the mouth into acids, 

dissolving the tooth enamel and dentin below (Hillson, 1996). This decay may eventually reach 

the pulp chamber, leading to infection and abscess, or the cementum in the tooth root, and 

weakens the underlying alveolar bone and results in the exfoliation of the tooth (Hillson, 1996). 

A lower than average saliva pH or flow caused by hormonal factors or periodontal disease may 

increase enamel erosion and tooth decay and also lead to the exfoliation of teeth antemortem 

(Kubehl & Temple, 2020; Lukacs & Largaespada, 2006; Tuggle & Watson, 2019). Tooth wear, 

including the use of teeth as tools, can wear down enamel, exposing the dentin or pulp chamber, 

increasing the likelihood of infection and eventually AMTL (Watson, 2008a, 2008b).  

Clinical literature on osteoporosis has also documented a significant relationship between 

age-related bone loss and AMTL in living populations (Nicopoulou-Karayianni et al., 2009; 

Savić Pavičin, Dumančić, Jukić, & Badel, 2017). Postcranial bone loss in patients diagnosed 

with osteoporosis and osteopenia is associated with alveolar bone loss in the mandible and 

maxilla (Guiglia et al., 2013; Jonasson & Rythén, 2016; Wactawski-Wende, 2001; Wang & 

McCauley, 2016). This loss in alveolar bone leads to a reduction in structural support for the 

tooth and can lead to premature exfoliation of teeth in these individuals. As a result, women 

diagnosed with osteoporosis are significantly more likely to experience tooth loss than non-

osteoporotic women (Nicopoulou-Karayianni et al., 2009; Savić Pavičin et al., 2017).  

Clinical studies have also demonstrated that the relationship between bone loss and tooth 

loss is especially pronounced when menopausal status, as opposed to advanced female age alone, 

is taken into consideration. Examining a group of premenopausal and postmenopausal women, 

Makker et al. (2012) demonstrated a strong relationship between remaining teeth, mandibular 

BMD, and years since menopause, as well as an association between mandibular and postcranial 
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BMD. Similarly, Jang et al. (2015), found a significant association between remaining teeth in a 

group of postmenopausal women and BMD in the lumbar spine and femur (Jang et al., 2015). 

Sultan and Rao (2011) also demonstrated a relationship between alveolar bone loss and BMD in 

postmenopausal women, suggesting a link between risk for periodontal disease and 

postmenopausal osteopenia. Moeintaghavi et al. (2013) likewise found postmenopausal women 

with osteoporosis displayed higher amounts of alveolar bone loss compared to other individuals, 

although this difference was not significant, and did not demonstrate a relationship between tooth 

loss and changes in BMD. Other studies have demonstrated the relationship between 

periodontitis, BMD, and osteoporosis in postmenopausal women (Passos et al., 2013), along with 

osteoporosis and tooth loss (Darcey et al., 2013). Importantly, while menopausal status likely 

contributed to osteoporosis in the past, its onset would be but one factor among many influencing 

skeletal health including activity (Agarwal & Grynpas, 2009; Chirchir et al., 2015; Lees, 

Stevenson, Molleson, & Arnett, 1993; Madimenos, 2015; Ryan & Shaw, 2015), diet and 

nutrition (Agarwal & Grynpas, 2009; Eaton & Nelson, 1991; Lazenby, 1997; Lees et al., 1993; 

Nelson, Sauer, & Agarwal, 2004), parity and lactation (Agarwal, 2008; Agarwal & Grynpas, 

2009; Dewey, Armelagos, & Bartley, 1969; Madimenos, 2015), and even immune response to 

high pathogen loads (Stieglitz et al., 2015) and social status (Zaki, Hussien, & El Banna, 2009). 

Age-related bone loss affects females disproportionately to males, with approximately 

30% of all postmenopausal women in the United States and Europe currently affected (Melton, 

Chrischilles, Cooper, Lane, & Riggs, 2005; Wright, Saag, Dawson-Hughes, Khosla, & Siris, 

2017). One in three women, but only one in five men, over the age of 50 are expected to suffer 

an osteoporosis-related fracture in their lifetime (Kanis et al., 2000; Melton et al., 2005). This sex 

difference has traditionally been attributed to female reproductive biology. Pregnancy, lactation, 
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body size, and hormonal differences, particularly those associated with menopause, all affect a 

woman’s skeletal health and lead to greater bone loss over the life course (Bassey, Sayer, & 

Cooper, 2002; Isales & Seeman, 2018). Cultural gendered differences in diet, physical activity, 

and behavior also impact female susceptibility to bone loss (Fausto-Sterling, 2005). These 

biological and cultural factors not only result in a pronounced disparity in osteoporosis and 

osteopenia, and related fractures between the sexes, but also leave women more susceptible to 

dental disease and AMTL later in life. Additionally, work by Agarwal and colleagues (Agarwal, 

2012; Agarwal, Dumitriu, Tomlinson, & Grynpas, 2004; Beauchesne & Agarwal, 2014, 2017; 

Trombley et al., 2019) suggests that bone loss observed in archaeological populations is much 

more variable in terms of age and sex-related patterns relative to modern populations, and that 

bone maintenance is impacted by interrelated biological, environmental and cultural factors that 

vary in their relative influence over the lifespan.  

While the relationship between age-related bone loss and AMTL is well established in 

the clinical literature, it has not been as thoroughly investigated in archaeological populations. 

Though many prior studies focus on dietary or general health explanations, the sex differences in 

modern osteoporosis patients may provide an explanation for the sex bias in AMTL frequently 

seen in prehistoric populations. The primary aim of this paper is to explore the relationship 

between sex, AMTL, and age-related bone loss in a case study employing an archaeological 

sample from the maize-dependent agricultural population of Point of Pines Pueblo, Arizona. 

Using peripheral quantitative computed tomography (pQCT), bone mineral density (BMD) 

measurements were taken in a sample of adult individuals and compared to dental measures of 

AMTL and caries. Based on previous research we hypothesize that: 1) caries experience and 

tooth loss was greater among females than males; 2) there is a significant relationship between 
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these oral pathologies and age; and 3) there is a significant relationship between AMTL and 

BMD. The results of this study will inform the relationship between bone loss and dental health 

in prehistory, as well as contribute to considerations of female reproductive biology on oral 

health. 

 

Materials  

Point of Pines Pueblo, Arizona 

Point of Pines Pueblo is an 800-room, two-story pueblo dating to the late Mogollon 

Pueblo phase (AD 1200-1450). The site is in East-Central Arizona on the San Carlos Indian 

Reservation, situated on a large, high-altitude, and ecologically rich plateau known as Circle 

Prairie (Huckell & Toll, 2004; Shipman, 1982). Circle Prairie was occupied as early as AD 400, 

while Point of Pines Pueblo, from which the burials analyzed in this study originate, was built in 

the late masonry phase beginning around AD 1200 (Haury, 1958). The site reached a maximum 

population of approximately 2000 individuals in the mid-14th century, and was completely 

depopulated by AD 1450, likely as a consequence of environmental degradation (Oakes & 

Zamora, 1999; Woodbury, 1961). The inhabitants of Point of Pines Pueblo were primarily maize 

agriculturalists, practicing dry farming on built terraces in the surrounding hillsides (Adams, 

1999; Woodbury, 1961). Extensive agricultural fields have been identified near the site dating as 

early as c. AD 900 and were likely farmed throughout the occupation of the pueblo. Cultivated 

crops such as maize, beans, and squash were supplemented with wild foodstuffs, including 

mesquite, walnuts, pine nuts and cacti (Adams, 1999; Bohrer, 1973; Huckell & Toll, 2004; 

Woodbury, 1961), as well as wild game, particularly deer, small mammals, and turkeys (Haury, 

1989; Stein, 1963).  
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 Approximately 270 inhumations were excavated from Point of Pines Pueblo, and 

following the regional pattern during this period, females significantly outnumber males (Lowell, 

2007; Robinson, 1958). This sex bias has previously been interpreted as evidence of warfare, 

large game hunting, or trade (Lowell, 2007). While these activities may have increased the 

likelihood of males dying away from the pueblo, there is no conclusive evidence for any of these 

hypotheses. Alternatively, migration from the Kayenta region of the Colorado Plateau in the 

mid-13th century, a likely consequence of large-scale drought and the emergence of widespread 

conflict, may have contributed to the unequal sex ratio (Lowell, 2007; Lyons, 2003; Mills et al., 

2013). The movement of female refugees south during this period has been offered as an 

explanation for the skewed sex ratio at Grasshopper Pueblo, and this may also apply to Point of 

Pines Pueblo (Lowell, 2007). Indeed, a recent biodistance study demonstrated high biological 

affinity between people buried at Black Mesa and Point of Pines Pueblo, indicating that gene 

flow occurred between Kayenta migrants and the local population (Byrd, 2019). 

The population of Point of Pines Pueblo does show signs of increased levels of 

interpersonal violence compared with earlier Mogollon sites. This rise is commonly associated 

with increased aggregation and population density in the area south of the Mogollon Rim around 

the time of the arrival of Kayenta migrants to the area around AD 1265 (Haury, 1989; Lyons, 

2003; Mills et al., 2013). Research suggests that a group of 50 to 60 families formed a Kayenta 

enclave at Point of Pines Pueblo based on a room block constructed between AD 1280 and 1285 

containing a relatively high proportion of Maverick Mountain polychrome, a ceramic style 

connected to the Kayenta region (Haury, 1958; Lindsay, 1987). Increasing resource stress may 

have been intensified by ecological degradation in the region in the late 14th century, producing 

internal conflict in aggregated pueblos (Haury, 1989; Rodrigues, 2008). This interpersonal 



9 
 

violence appears to have affected the population broadly, and was not directed at the Kayenta, as 

Byrd (2019) and Clark et al. (2019) have argued that the Kayenta migrants and local population 

were socially integrated at Point of Pines Pueblo. Moreover, the skeletal evidence does not 

indicate those identified as migrants at Point of Pines Pueblo—based on distinctive lambdoidal 

cranial modification consistent with modification observed in the Kayenta region—experienced 

higher levels of trauma than non-migrants (Rodrigues, 2008). Additionally, the majority of the 

Point of Pines population was buried in the same area relative to the pueblo, with limited 

variation in burial position and mortuary assemblage (Byrd, 2019; Clark et al., 2019). 

A total of 72 individuals from Point of Pines Pueblo were included in this study. This 

included dental measures from 55 adult individuals with complete mandibles, and BMD 

measurements from the radius and femur of 39 individuals. Twenty-three of these individuals 

overlapped in both measures (Table 1). While the overlapping sample size is small, the larger 

separate sample sizes for both dental and BMD measures allowed more for more detailed 

analysis within each category of measures.   

 Sex estimations were made using macroscopic features of the pelvis, cranium, and major 

articular surfaces following the standards set forth in Buikstra and Ubelaker (1994). This did 

reveal a fairly large female bias (n = 47) in the sample compared to males (n = 25). While the 

numbers in the study sample are reflective of the female bias observed in the overall Point of 

Pines Pueblo skeletal population (Robinson, 1958), best efforts were made to include as many 

male individuals as possible in the analysis and to select a more evenly distributed sample for 

BMD measurements. Age estimates were made using dental eruption and attrition, and pelvic 

morphology following Buikstra and Ubelaker (1994), and individuals were categorized as young 

adults (18-29 years), middle adults (30-49 years), or older adults (50+ years).  
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Methods 

Dental Measures 

 Recorded dental observations included the number of teeth, alveolar segments, caries, 

and teeth lost antemortem. Caries count, location, and severity were assessed macroscopically 

with a dental probe and magnifying glass if required following Watson (2008b). AMTL was 

identified by partial or complete alveolar resorption and recorded as present or absent based on 

partial or complete alveolar resorption following Buikstra and Ubelaker (1994). Caries 

frequency, or observed rate, was calculated by dividing the total number of carious teeth by the 

total number of teeth observed multiplied by 100. AMTL observed rate was calculated by 

dividing the total number of teeth lost antemortem by the number of alveolar segments. Using 

the observed rate or frequency helps minimize preservation bias (Watson, 2008b). In addition to 

observed rate, prevalence was also calculated for caries and AMTL. The number of individuals 

with at least one carious lesion was divided by the total number of individuals in the sample. The 

same process, using the number of individuals with one or more teeth lost antemortem, was 

repeated for AMTL.  

 

Bone Mineral Density Measurements 

 Cortical and trabecular volumetric BMD was measured in the radius, femur, or both 

using pQCT. Using a Stratec XCT3000 pQCT scanner, three CT slices were imaged at the distal 

8% portion of each bone, and one slice at the midshaft of 50% mark. Mask diameter was set to 

90mm for the radius and 125mm for the femur, using a speed of 15mm per second. Due to 

preservation, cortical BMD was calculated from the midshaft 50% site, and trabecular BMD was 
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calculated from the distal 8% site. pQCT excludes spaces of the bone filled by other non-bony 

tissues in its measurements, including air in the case of dry bone, and therefore no soft tissue 

substitute was used in this procedure (Suby, Guichón, Cointry, & Ferretti, 2009).  

 

Statistical Analyses 

 Chi-square tests were used to examine differences between males and females in caries 

frequency and AMTL frequency in all 55 individuals with dental measures, as well as sex 

differences in the 39 individuals with BMD measures (see Table 1). Kruskal-Wallis tests were 

used to test for any differences across age groups in dental pathologies and BMD. Individual 

linear regression models were used to assess the effects of caries, age, and cortical and trabecular 

BMD measures of each element on AMTL frequency in the twenty-three individuals with 

overlapping dental and BMD measures. All statistical tests were performed using R 4.0.0 with α 

= 0.05.   

 

Results  

Dental Pathology  

 Table 2 presents the observed rate and prevalence of caries and AMTL at Point of Pines 

Pueblo. Chi-square tests showed there was no statistically significant difference in either caries 

rate or AMTL rate between males and females (Table 3). Age category had a significant effect 

on AMTL in the total sample, and when investigated by sex, this effect appears to be larger in 

females than males (Table 4). Age also had a significant effect on caries in males, but this was 

not seen in females.   
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Bone Mineral Density Measures  

 BMD measures were approximately normally distributed and summary statistics are 

given in Table 5. There were no significant differences between the sexes in BMD in any of the 

elements or tissues. There were no significant differences in BMD across age groups in the 

overall sample, apart from femoral trabecular BMD (Table 4). When examined by sex, age had a 

moderate effect on femoral trabecular density in females, but this did not reach significance, and 

there was no significant effect in males. 

            

Bone Mineral Density, Caries, Age, and Antemortem Tooth Loss 

 The results of the linear models are given in Table 6. The regressions showed no 

significant effect of BMD on AMTL in the total sample. While all elements and tissues did show 

the expected negative relationship with AMTL, none reached significance and only explained 

between 0.5-7% of the outcome in AMTL. Caries frequency and age category, however, both 

showed significant effects on AMTL frequency. When combined in a single model they 

explained over 42% of the variability in AMTL in the pooled sample. When analyzed by sex, 

however, femoral cortical BMD did show a moderate effect on AMTL in females (β = -0.482, p 

= 0.095), although this did not reach significance. Caries and age category, as well as age-

corrected caries, also showed significant effects on AMTL in females. In contrast, males did not 

show any significant associations between any of the predictors and AMTL. 

 

Discussion 

 The lack of statistically significant differences in dental caries and AMTL between sexes 

does not support our hypothesis that pathology experience was greater among females than 
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males, but it is consistent with some previous archaeological studies on dental health in the New 

World (Costa, 1980; Cucina, Blos, & Sosa, 2002). Our finding suggests there were few sex 

differences in diet or dental behavior at Point of Pines Pueblo. There is currently no 

archaeological evidence to suggest that females at Point of Pines Pueblo engaged in different 

dietary habits than males, but few studies of the site have specifically addressed diet beyond the 

transition from wild foods to cultigens. Future dental wear analyses might provide greater insight 

on the topic. There is evidence, however, of sex differences in diet from the contemporary 

Mogollon site of Grasshopper Pueblo (AD 1275-1400), where carbon isotope values indicate that 

males consumed greater quantities of animal protein than females (Ezzo, 1993). However, this 

result may be attributable to a small group of women who consumed a significantly greater 

amount of wild plant foods than the rest of the population, potentially skewing analysis of sex-

specific differences in diet. Furthermore, it is unclear the extent to which these dietary 

differences were reflective of cultural practices or lack of access to resources (Ezzo, 1993). 

Additionally, a survey of antenatal health at three Mogollon sites, including Point of Pines 

Pueblo, indicated that reproductive-age women were not under significant dietary stress 

compared to contemporaneous sites throughout the U.S. Southwest (East, 2008). 

The lack of differences in the pooled Point of Pines sample is potentially misleading, 

however, as it appears to mask significant underlying sex disparities in pathological etiology. 

Females showed a significant relationship between AMTL and caries rates, consistent with 

modern populations (Hillson, 2001). It is also consistent with previous archaeological research 

(Larsen, 1995), as well as the archaeobotanical evidence from the site indicating a carbohydrate-

rich maize-dependent diet (Woodbury, 1961). The lack of association between caries with age in 

females is likely the result of AMTL obscuring the higher number of caries later in life (Lukacs, 
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1995). This would be consistent with the significant relationship between caries and AMTL. 

Cariogenic teeth lost antemortem in the later stages of the life course would not be scored or 

taken into account in the caries rate utilized in this analysis. 

In contrast to females, the lack of relationship between caries and AMTL in males is not 

consistent with modern populations, suggesting different variables were contributing to tooth 

loss in males. One possible explanation is wear or trauma, particularly through the use of teeth as 

tools (Milner & Larsen, 1991; Watson, 2008a). There is substantial evidence of a sexual division 

of labor at Point of Pines Pueblo, including differences in skeletal trauma (Rodrigues, 2008), 

which may indicate differences in behavior are responsible for these disparities in dental 

pathology, although dental trauma has not been examined. 

Overall, the pathology data indicate that female AMTL was significantly impacted by 

dental caries and decay, potentially resulting from a maize-heavy diet, while male AMTL was 

not. Several authors suggest that periodontal disease and recession of the alveolar crest plays a 

critical role in exposing the cementoenamel junction and tooth root to carious lesions (Kubehl & 

Temple, 2020; Tuggle & Watson, 2019; Watson et al., 2010). These studies identify the role that 

reproductive physiology plays in the degradation of periodontal tissues as a major contributing 

factor to tooth loss through differential caries location and the faster demineralization of local 

cementum and dentin. In contrast, most males in the Point of Pines Pueblo sample likely had 

carious lesions on the crown, which take longer to penetrate into the pulp chamber. Therefore, 

AMTL among males is more likely impacted by some other behavioral factor. These differing 

etiologies are key indicators of differences in potential underlying biological and behavioral 

differences between the sexes at this site. Including further details on caries location and severity 

in future analyses may provide more insight into these behavioral differences.   
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 This study displays mixed results on the relationship between BMD and AMTL, with 

only cortical BMD showing a moderate, but not statistically significant effect, on AMTL in 

females. A relationship between cortical density and tooth loss would be consistent with clinical 

research on oral bone loss, as the mandible is primarily composed of cortical bone (Jonasson & 

Rythén, 2016). Thus, cortical bone may have a stronger relationship with AMTL than trabecular 

bone. Moreover, this finding is in line with the results of Klemetti and colleagues (1993a, 

1993b), who found mandibular cortical BMD correlated well with postcranial cortical BMD, 

while mandibular trabecular BMD showed no significant relationship with postcranial BMD. 

The moderate effect of cortical BMD specifically on AMTL in the Point of Pines Pueblo sample 

is also consistent with clinical studies demonstrating a significant relationship between 

mandibular bone loss, periodontal bone loss, osteoporosis or osteopenia, and tooth loss (Guiglia 

et al., 2013; Jang et al., 2015; Makker et al., 2012; Nicopoulou-Karayianni et al., 2009; Passos et 

al., 2013; Sultan & Rao, 2011). Future studies specifically including mandibular BMD, as well 

as periodontal disease and alveolar resorption, would help clarify this relationship.  

 While the correlation between cortical BMD and AMTL did not reach significance in 

females, both radial (β = -0.474) and femoral cortical BMD (β = -0.482) showed a greater effect on 

AMTL than age (β = 0.459) in females, suggesting cortical bone loss may play a role in female 

oral health. This is consistent with the study hypotheses and is supported by higher female 

susceptibility to age-related bone loss in living populations (Isales & Seeman, 2018; Melton et 

al., 2005). The lack of significance, however, may suggest that rather than AMTL resulting from 

age-related alveolar bone loss, a reduction in BMD may be a secondary effect of a larger cause 

also contributing to tooth loss. Other hormonal changes associated with female reproductive 

biology can impact bone loss and oral health (Carvalho, Pezo‐Lanfranco, & Eggers, 2019; 
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Lukacs, 2008; Lukacs & Largaespada, 2006). These fluctuations may affect saliva flow, pH, or 

periodontitis, all of which can contribute to AMTL (Lukacs & Largaespada, 2006). Thus, AMTL 

may share an ultimate cause with age-related bone loss, rather than being a direct result of it.  

The lack of significant skeletal changes with increasing female age in this sample may be 

attributable to the specific hormonal effects of menopause. Unlike other aspects of female 

reproductive biology, the onset of menopause around age 50 is thought to be fairly stable across 

cultures and throughout evolutionary time (Trevathan, 2010), with significant related skeletal 

changes occurring after approximately five years in modern living populations (Makker et al., 

2012; Sultan & Rao, 2011). It is possible that the elderly women in this study did not live long 

enough after the onset of menopause for estrogen levels to decline sharply enough to 

significantly impact their skeletal health. Higher parity and prolonged lactation at a younger age 

may have also led to positive effects on skeletal health later in life (Beauchesne & Agarwal, 

2017). Alternatively, if menopause occurred while these women were still breastfeeding infants 

or toddler-aged children born in their mid to late forties, the hormones related to lactation may 

have played a protective and stabilizing role amidst other hormonal changes as ovulation ceased 

and then never resumed (Trevathan, 2010).  

 Several potential confounding factors may have affected the outcome of this study. 

Sample size presents a concern, particularly among the male sample. As mentioned above, the 

Point of Pines Pueblo sample shows a female bias, resulting in far fewer males included in the 

present study. Additionally, the subsample of individuals with BMD measurements was 

considerably smaller than the overall periodontal sample, which may have impacted our ability 

to detect the effects of BMD on AMTL. Replicating this analysis in larger sample sizes with 

even distribution across the sexes is needed to better elucidate these effects.   
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 The measurement of dental caries was performed macroscopically with a dental probe, 

which may overlook the presence of extremely small or shallow lesions that could be visible 

microscopically or through x-ray. However, this visual method has been proven effective in 

previous studies and shows little interobserver error (Rudney, Katz, & Brand, 1983). Lukacs 

(Lukacs, 1995) has suggested that caries rates may be biased by the loss of carious teeth 

antemortem. This bias may have confounded the results of this study, as caries were only 

recorded by presence or absence on a tooth, and no correction factor was applied to account for 

teeth lost antemortem.  

 Diagenesis is always a concern when measuring BMD in ancient remains, as post-

depositional processes impact the mineral content of bone through mineral deposition or 

demineralization. These changes are extremely difficult to detect without destructive analyses 

(Brickley & Agarwal, 2003). However, previous studies have demonstrated pQCT to be effective 

at measuring BMD despite diagenetic change within a population (Pestka et al., 2010). 

Additionally, while BMD measurements between archaeological sites are unlikely to be 

comparable, analysis within a single site is expected to be valid due to relative uniformity of 

diagenesis across the site in absence of major disturbance (Hanson & Buikstra, 1987). Future 

studies that also include analyses of bone quality, such as analyses of trabecular architecture, 

could also inform on this.  

Despite the lack of pooled differences in AMTL and caries rates between sexes at Point 

of Pines Pueblo, the results of this study identify differences in the etiology of each dental 

pathology by sex. The implication of this finding is that data from previous research 

documenting a lack of sex differences in pathology may be masking more subtle sex or gender 

disparities in health. This requires a deeper investigation into potential biological and cultural 
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variables that impact oral health in future studies, beyond superficial comparisons of pathology 

rates between sexes. 

The suggestive relationship between cortical BMD and AMTL in females at Point of 

Pines Pueblo is intriguing and requires further study. Additional BMD data from Point of Pines 

could provide more support for a causal link between age-related bone loss and AMTL in 

females from this site. Expanding the analysis to include other regions and temporal periods 

could provide insight into the universality of this relationship, including how other variables, 

such as diet and mobility, may play a role. Furthermore, while clinical research suggests age-

related bone loss is relatively systemic, affecting the mandible as well as the postcranial skeleton 

(Makker et al., 2012), little research has been conducted on human mandibular bone density or 

content in prehistory (Lynnerup & von Wowern, 1997; Malčić et al., 2015). Specifically 

examining the relationship between mandibular BMD and AMTL may provide more insight into 

the causal relationship between age-related bone loss and tooth loss. 

  

Conclusions  

The results of this study suggest differing etiologies for dental caries and AMTL among 

females and males at Point of Pines Pueblo. These disparities only bear out when considered 

across the life course and may go undetected in superficial analyses of pooled rates of dental 

lesions between sexes. Furthermore, age-related cortical bone loss likely plays a role in female 

AMTL as a product of reproductive biology. These findings suggest further research is needed to 

investigate etiological differences in dental pathologies between the sexes through a biocultural 

approach and careful consideration of the impact of female reproductive biology. 
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Table 1. Distribution of Point of Pines Pueblo skeletal sample (n=72). 
 Individuals with dental 

measures (n) 
Individuals with BMD 

measurements (n) 
Individuals with overlapping 

dental and BMD measures (n) 
Total 

individuals (n) 
Total Sample 55 39 23 72 
 Females     
 Young adult (18-29 years) 15 6 2 19 
 Middle adult (30-49 years) 14 12 9 18 
 Older adult (50+ years) 7 5 2 10 
 Total Female 36 23 13 47 
 Males     
 Young adult (18-29 years) 4 5 3 7 
 Middle adult (30-49 years) 10 8 3 14 
 Older adult (50+ years) 5 3 4 4 
 Total Male 19 16 10 25 
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Table 2. Summary of dental pathologies. 
 Caries frequency/ 

Observed  
rate (%) 

Caries prevalence (%) 
AMTL frequency/ 

Observed  
rate (%) 

AMTL prevalence (%) 

Total Sample 19.92% 72.73% 19.49% 72.73% 
 Females     
 Young adult 21.58% 73.33% 10.26% 66.67% 
 Middle adult 28.33% 85.71% 18.81% 71.43% 
 Older adult 6.38% 42.86% 38.39% 100.00% 
 Total Female 21.90% 72.22% 19.15% 75.00% 
 Males     
 Young adult 4.84% 60.00% 5.63% 40.00% 
 Middle adult 20.00% 70.00% 20.25% 70.00% 
 Older adult 31.03% 100.00% 35.94% 100.00% 
 Total Male 16.37% 73.68% 20.14% 68.42% 
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Table 3. Results of chi-square tests between females and males. 
 χ2 n (females, males) df p 
AMTL frequency (%) 16.019 36, 19 13 0.2481 
Caries frequency (%) 22.075 36, 19 21 0.3952 
Radial cortical BMD (mg/cm3) 36.933 23, 16 37 0.4722 
Radial trabecular BMD (mg/cm3) 36 23, 13 35 0.4215 
Femoral cortical BMD (mg/cm3) 38 22, 16 37 0.4236 
Femoral trabecular BMD (mg/cm3) 35 21, 14 34 0.4204 
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Table 4. Kruskal-Wallis test results across age groups.  
  χ2 df p 
Total Sample     
  AMTL frequency (%) 17.701 2 <0.001*** 
  Caries frequency (%) 2.6971 2 0.2596 
  Radial cortical BMD (mg/cm3) 0.020347 2 0.9899 
  Radial trabecular BMD (mg/cm3) 1.7202 2 0.4231 
  Femoral cortical BMD (mg/cm3) 1.3981 2 0.4971 
  Femoral trabecular BMD (mg/cm3) 8.6198 2 0.01344* 
 Females    
  AMTL frequency (%) 10.87 2 0.004361** 
  Caries frequency (%) 2.9071 2 0.2337 
  Radial cortical BMD (mg/cm3) 0.71087 2 0.7009 
  Radial trabecular BMD (mg/cm3) 1.6933 2 0.4288 
  Femoral cortical BMD (mg/cm3) 4.002 2 0.1352 
  Femoral trabecular BMD (mg/cm3) 4.8606 2 0.08801 
 Males     
  AMTL frequency (%) 6.378 2 0.04121* 
  Caries frequency (%) 7.2406 2 0.02677* 
  Radial cortical BMD (mg/cm3) 1.6526 2 0.4377 
  Radial trabecular BMD (mg/cm3) 0.98901 2 0.6099 
  Femoral cortical BMD (mg/cm3) 1.7349 2 0.42 
  Femoral trabecular BMD (mg/cm3) 3.2686 2 0.1951 
*p<0.05, **p<0.01, ***p<0.001 
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Table 5. Summary statistics for BMD measures.  
 Radial Cortical BMD 

(mg/cm3) 
Radial Trabecular BMD 

(mg/cm3) 
Femoral Cortical BMD 

(mg/cm3) 
Femoral Trabecular BMD 

(mg/cm3) 
mean SD mean SD mean SD mean SD 

Total Sample 1123.58 107.09 157.12 70.25 1063.6 64.19 213.57 23.70 
 Females         
 Young adult 1133.05 82.68 184.82 85.64 1075.93 88.87 229.09 36.87 
 Middle adult 1134.85 111.97 144.88 68.99 1068.18 67.45 200.63 16.23 
 Older adult 1053.92 213.28 161.85 89.29 1014.58 49.42 215.31 13.10 
 Total Female 1116.79 131.31 159.98 76.08 1060.55 71.53 210.20 24.33 
 Males         
 Young adult 1126.68 62.27 165.10 46.95 1048.78 38.36 233.39 17.90 
 Middle adult 1125.03 69.20 151.83 81.46 1074.31 71.31 208.55 26.63 
 Older adult 1166.63 19.30 135.07 41.87 1082.43 10.76 214.20 6.28 
 Total Male 1133.34 59.93 152.05 61.13 1067.86 54.47 218.63 22.64 
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Table 6. Results of individual linear regression models for AMTL.  
 β t r2 p 
Total Sample     

 Radial Cortical BMD (mg/cm3) -0.1482 -0.687 0.022 0.500 
 Radial Trabecular BMD (mg/cm3) -0.1532 -0.693 0.023 0.496 
 Femoral Cortical BMD (mg/cm3) -0.0678 -0.311 0.005 0.759 
 Femoral Trabecular BMD (mg/cm3) -0.2647 -1.197 0.070 0.246 
 Caries Frequency (%) 0.4259 3.361 0.181 0.001** 
 Age Category    0.334  

  Young Adult -0.2812 -2.300 0.026* 
  Older Adult 0.4093 3.348 0.002** 

 Caries Frequency (%) + Age Category  0.390 3.601 0.421 <0.001*** 
Females     
 Radial Cortical BMD (mg/cm3) -0.4741 -1.786 0.225 0.102 
 Radial Trabecular BMD (mg/cm3) 0.0355 0.112 0.001 0.913 
 Femoral Cortical BMD (mg/cm3) -0.4823 -1.826 0.233 0.095 
 Femoral Trabecular BMD (mg/cm3) -0.0993 -0.316 0.010 0.759 
 Caries Frequency (%) 0.5253 3.546 0.276 0.001** 
 Age Category    0.330  

  Young Adult -0.2494 -1.640 0.111 
  Older Adult 0.4591 3.018 0.005** 
 Caries Frequency (%) + Age Category  0.5612 4.771 0.563 <0.001*** 

Males     
 Radial Cortical BMD (mg/cm3) 0.2116 0.612 0.045 0.557 
 Radial Trabecular BMD (mg/cm3) -0.2597 -0.761 0.067 0.469 
 Femoral Cortical BMD (mg/cm3) 0.2893 0.855 0.084 0.418 
 Femoral Trabecular BMD (mg/cm3) -0.3888 -1.116 0.151 0.301 
 Caries Frequency (%) 0.2670 1.108 0.071 0.284 
 Age Category    0.211  

  Young Adult -0.3403 -1.546 0.142 
  Older Adult 0.3351 1.522 0.147 
 Caries Frequency (%) + Age Category  -0.1178 -0.426 0.194 0.676 

*p<0.05, **p<0.01, ***p<0.001 
 


