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Abstract: Antemortem tooth loss (AMTL) and degree of dental attrition are thought to be closely related to dental caries 

and periodontitis, not only in ancient human skeletal remains but also in modern humans. We examined these features in the 

Yean-ri skeletal series (AD 4
rd

 to 7
th

 centuries), South Korea. There is no significant difference between males and females in 

AMTL and degree of dental attrition, so the male and female data in the present study were pooled. However, a significant 

difference in the AMTL rate was observed between individuals of different ages, particularly in the posterior teeth of the 

lower jaw. A significant increase in AMTL was seen with increasing age. The degree of dental attrition was also correlated 

with age and was closely related to dental eruption. The prevalence of occlusal dental caries was low in the Yean-ri skeleton. 

Yean-ri people ate food that was much harder than the food eaten by modern day people; therefore, their dental attrition was 

considerable. Occlusal dental caries is speculated not to have occurred in an individual with occlusal surfaces, such as severe 

attrition. In other words, occlusal dental caries might have occurred in young people, but it would not have been found in 

individuals beyond a certain age, as dental attrition progressed with aging. If dental attrition was considerable, slight occlusal 

dental caries could have disappeared due to dental attrition, as in the modern Nigerian cases. Furthermore, severe dental 

attrition in archaeological samples was closely related to caries sites. 
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1. Introduction 

The Yean-ri site is located 9 km northeast of Gimhae City, 

South Korea. Human skeletal remains were excavated from 

this site between 1976 and 1980. Reports about these 

remains were published by the Busan National University 

Museum in 1985 and 1993 [1, 2]. According to these 

publications, the Yean-ri site dates to the 4
th

 to early 7
th

 

centuries, AD. This time period corresponds to the Three 

Kingdoms period of Korea in the Gaya region and 

approximately to the Kofun period in Japan. We recently 

reported the presence of dental caries in these human 

skeletal remains [3]. In recent years, more detailed studies 

have been conducted on antemortem tooth loss (AMTL) 

and dental attrition [4-15]. Much paleoepidemiological 

information on dental caries can be obtained from AMTL 

and dental attrition data. 

In the present study, AMTL and dental attrition states 

were examined in the human skeletal remains from the 

Yean-riKofun group in South Korea. The purposes of this 

study were to elucidate the rate of AMTL and dental 

attrition as they relate to the field of oral health and to 
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examine the dental paleoepidemiological factors to which 

the Yean-ri people were subjected. 

2. Materials and Methods 

The Yean-ri site is located 9 km northeast of Gimhae City, 

South Korea [3] (Fig. 1). Archeological exploration was 

performed at this site from 1976 to 1980, and human 

skeletal remains from 210 bodies were excavated; however, 

few individuals were well preserved. In the present study, 

teeth from a total of 54 individuals, including 17 males, 29 

females, and 8 individuals of undeterminable sex or age, 

were examined. Sex and age were determined based on the 

reports of Kim et al. [1, 2].However, the methods of sexing 

and aging were not described in detail; thus, in this study, 

we estimated the age at death and determined the sex of 

these materials. If the pelvis was present, sex was 

determined using the angle of the greater sciatic notch [16] 

 

Fig. 1. The location of Yean-ri site, South Korea. The Yean-ri site is located 9 km northeast of Gimhae City, South Korea. The geography of Gimhae is 

characterizedby the Nakdonggang river, which divides into two andflows southward into the South Sea. A wide delta is created bysedimentation from the 

river. The elevation at the site is 60 m. Ingeneral, ancient burial mounds were built on hills, but the Yean-rigravesites were built on mostly flat land. In the 

Gimhae region, analtitude of 2 m above sea level is thought to have been under thesea until 1,300 years ago. 

 

Fig. 2. The severe dental attrition often found in Yean-ri skeletal series.If cariouslesions were mild, the lesions could havedisappeared dueto progression of 

attrition. 

And Phenice’s non-metric method for the os pubis [17]; if 

the pelvis was not present, sex was determined from the size 

of the mastoid process, the development of the brow ridge, 

and the condition of the occipital protuberance. Age was 

estimated comprehensively using the condition of the pubic 

symphyseal surface, which changes with age [18], closure of 

cranial sutures [19], and degenerative changes in bone, such 

as ripping and deformation of vertebrae. 

Individuals of known sex were further examined after 

being subdivided into two age groups: the early middle age 
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group (ca. 20-39 years) and the late middle age and elderly 

group (ca. 40 years and over). No significant differences 

between males and females within each age group were 

observed. Therefore, AMTL and dental attrition were 

examined in a sex-pooled sample. 

AMTL data were collected from alveolar bone. A tooth 

was considered present when its corresponding tooth socket 

was present (postmortem tooth loss [PMTL]; Fig. 2). 

A tooth was considered absent (AMTL) when its alveolar 

bone was clearly resorbed up to complete closure of the 

socket. A chi-square test was used to test for significant 

differences in AMTL rate. 

Dental attrition level was determined using Tochihara’s 

method and classified into eight levels [20]. Please refer to 

Fujita [21] for a detailed schematic diagram of attrition 

levels. Comparison of attrition levels by age was performed 

using the Mann-Whitney U test. 

3. Results 

3.1. AMTL 

The number of AMTL cases, the number of observable 

teeth (alveolar bone was preserved, enabling observation of 

AMTL), and the rate of AMTL are shown in Table 1. No 

significant difference in the AMTL rate of maxillary 

canines was observed between the early middle age group 

and the late middle age and elderly group. The AMTL rate 

of maxillary molars was higher in the late middle age and 

elderly group than in the early middle age group (Chi sq = 

5.732, P = 0.017). No significant difference in the AMTL 

rate of total maxillary teeth or of mandibular canines was 

observed between the early middle age group and the late 

middle age and elderly group. The AMTL rate of 

mandibular premolars was higher in the late middle age and 

elderly group than in the early middle age group (Chi sq = 

9.280, P = 0.002) as was the AMTL rate of mandibular 

molars (Chi sq = 20.168, P = 0.000). The AMTL rate of 

total mandibular teeth was higher in the late middle age and 

elderly group than in the early middle age group (Chi sq = 

35.075, P = 0.000). The total (all maxillary and mandibular 

teeth) AMTL rate was higher in the late middle age and 

elderly group than in the early middle age group (Chi sq = 

28.009, P = 0.000). 

3.2.Dental Attrition 

 

 

The percentage of the 829 observable teeth with dental 

attrition and the average and standard deviation (SD) 

attrition level by tooth type are shown in Table 2. In all tooth 

types in both the maxilla and mandible, dental attrition 

levels were higher in the late middle age and elderly group 

than in the early middle age group. The dental attrition 

level was statistically significantly higher in the late middle 

age and elderly group than in the early middle age group in 

the Yean-ri skeletal remains (Z=4.210-14.948, P = 0.000). 

Dental caries in the Yean-ri skeletal series occurred most 

frequently on the NRAS (neck and/or root of the approximal 

surface), which accounted for 76% of dental caries overall. 

The next highest incidence was on the AS (approximal 

surface) at 12%. There was a significant difference between 

the total incidence of coronal and root caries. Root caries 

occurred more frequently than coronal caries (Chi sq = 

18.155, p = 0.000). 

4. Discussion 

Table 1. Antemortem tooth loss by age group and tooth type.

Significance

N of AMTL

N of

Observable

teeth

% AMTL vs N of AMTL

N of

Observable

teeth

% AMTL

Maxilla

Incisors 7 99 7.0 - 0 53 0

Canines 3 50 6.0 n.s. 1 27 3.7

Premolars 6 99 6.0 - 0 50 0

Molars 16 118 13.6 * 19 58 32.8

Total 32 366 8.7 n.s. 20 188 10.6

Mandible

Incisors 4 108 3.7 n.s. 3 56 5.4

Canines 0 56 0 - 2 29 6.9

Premolars 5 112 4.5 ** 14 60 23.3

Molars 25 152 16.4 *** 46 81 56.8

Total 34 428 7.9 *** 65 226 28.8

Grand total 66 794 8.3 *** 85 414 20.5

n.s.: not significance, *: P<0.05, **: P<0.01, ***: P<0.001

Early middle age Late middle age and elderly

Table 2. Degree of dental attrition by age group and tooth type.

Zcal P value

N Average SD N Average SD

Maxilla

Incisors 65 4.2 0.87 25 5.2 0.59 5.670 0.000

Canines 37 4.1 0.97 17 5.2 0.66 4.210 0.000

Premolars 73 3.1 1.23 27 4.8 1.17 5.924 0.000

Molars 94 3.3 1.33 29 4.8 1.47 4.651 0.000

Mandible

Incisors 80 4.1 0.68 35 5.3 0.56 7.646 0.000

Canines 48 4.2 0.79 20 5.5 0.51 5.973 0.000

Premolars 96 3.3 1.04 37 4.7 1.07 5.844 0.000

Molars 116 3.5 1.24 30 5.0 1.09 5.908 0.000

Total 609 3.6 1.15 220 5.0 0.99 14.948 0.000

Early middle age Late middle age and elderly
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AMTL is closely associated with aging, and dental caries 

and periodontal disease are thought to be the causes of such 

loss. Detailed data analysis showed that there was no 

change in AMTL with aging for maxillary teeth, excluding 

molars. In mandibular teeth, there was a significant 

difference in AMTL with aging for premolars and molars, 

but not for canines. The incidence of AMTL was 

significantly higher (at the 0.1% level) in the mandibular 

teeth compared to the maxillary teeth. In the Yean-ri people, 

the incidence of caries was higher in the maxillary teeth 

than in the mandibular teeth [3]. Although loss of maxillary 

teeth could have been associated with caries, it is 

speculated that the major cause of such loss was 

periodontal disease. Wasterlain et al. reported that the 

incidence of AMTL was high for molars[22]. This result 

was consistent with the incidence of caries. They also 

reported that the incidence of AMTL was low for the 

anterior teeth. Eshed et al. reported that the incidence of 

AMTL was higher for the maxillary teeth than for the 

mandibular teeth[23]. This result was consistent with ours. 

Cusina and Tiesler speculated that the cause of AMTL was 

caries [24]. Leiverse et al. examined AMTL and periodontal 

disease but did not clearly state the major causes of AMTL 

[25]. AMTL is thought to have multiple causes, including 

caries. There are some theories about the cause of AMTL 

that vary among researchers. The authors have considered 

repeatedly the cause of AMTL in the human skeletal 

remains and feel that most originates in periodontal disease. 

It is believed that this applies to the Yean-ri human skeletal 

remains. Future studies should carefully examine the 

concept of AMTL. According to the Japanese National 

Survey of Dental Diseases of 1999 [26], the numbers of 

teeth present (numbers of remaining teeth) were 

25.22-28.55 in individuals aged 20-49 years. These 

numbers were lower than the numbers of teeth present in 

author H.F.’s investigation of the people in the Kofun, 

Kamakura, and Muromachi periods [27]. Author H.F. also 

reported on a study that showed that an unexpectedly large 

number of teeth remained in people of the Edo period [28]. 

Thus, the aforementioned investigation showed that a large 

number of teeth remained in people from periods earlier 

than the Edo period. The notion that “people of long past 

ages lost more teeth at younger ages” is clearly untrue, and 

it is not supported by studies of ancient skeletal remains in 

Japan or by studies of the Yean-ri skeletons in South Korea. 

Leiverse et al. did not consider the relationship of dental 

attrition with caries [25]. The results of Eshed et al. 

revealed that teeth that erupted earlier had a higher level of 

dental attrition [23]. It is very interesting that this result is 

similar to ours [29, 30, 5]. However, our speculation on the 

relationship between dental caries and dental attrition is 

that the incidence of caries was low because dental attrition 

was severe due to a poor diet and a diet consisting of hard 

foods. We were probably first to report that, in ancient 

people, carious lesions were less likely to occur on occlusal 

surfaces flattened by severe attrition and that mild carious 

lesions disappeared due to severe attrition, and teeth likely 

became sound [29, 31] (Fig. 3). Periodontal disease also 

occurred in ancient people, and root caries occurred on 

exposed roots.Their dental attrition was considerable. 

Occlusal dental caries is speculated not to have occurred in 

an individual with occlusal surfaces, such as severe attrition. 

In other words, occlusal dental caries might have occurred 

in young people, but it would not be found in individuals 

beyond a certain age, as dental attrition progressed with 

aging. If dental attrition was considerable, slight occlusal 

dental caries could have disappeared due to dental attrition, 

as in the modern Nigerian cases [32, 33]. 

 

Fig. 3. Root caries in Yean-ri skeletal series. The severe dental attrition and 

periodontal diseases prevent occlusal caries. 

5. Conclusions 

When caries is examined in ancient human skeletal 

remains, one should note AMTL and the dental attrition 

level. In addition, AMTL and the dental attrition level are 

likely closely associated with oral health, including dental 

caries and periodontal disease. Physical anthropologists 

handle ancient skeletal remains just like those in this study. 

We studied these remains to compare ancient and modern 

people to understand various problems and to find new 

perspectives. If a good cooperative relationship can be 

established between the fields of modern dentistry and 

physical anthropology, there could be major contributions to 

dental and medical care for modern-day people. 

Acknowledgements 

We thank Prof. G. Shin, Director of the University 

Museum, Pusan National University, for his kind permission 

to study the materials under his care. This study was 

supported in part by a Grant-in aid for Scientific Research 

(No. 21570246) from the Japan Society for the Promotion of 

Science. 

 

References 

[1] Kim JJ, Baek SY, Morimoto I, Yoshida S, Ogata T, Kawaji 
N, : Human skeletal remains from 1976 excavations at 
Yean-ri, Korea. In: Museum Report of Pusan University 
1985; 8: 321-359 (in Korean with English summary). 

[2] Kim JJ, Ogata T, Mine K, Takenaka M, Sakuma M, Seo YN: 



 International Journal of Archaeology2013; 1(1):1-5 5 

 

 

Human skeletal remains from Yean-ri site, Kimhae, Korea. 
In: Museum Report of Pusan University 1993; 15: 281-334 
(in Korean). 

[3] Fujita H, Hashimoto H, Shoda S, Suzuki T: Dental Caries 
Prevalence as a Product of Agriculture and Subsistence 
Pattern at the Yean-ri Site, South Korea Caries Res 2011; 45: 
524-531. 

[4] Fujita H, Ogura M: Degree of Dental Attrition with Sex and 
Aging among Jomon and Edo People in Japan. J Oral Biosci 
2009; 51(3): 165-171. 

[5] Fujita H: Periodontal Diseases in Anthropology. In: 
Periodontal Diseases –A Clinician’s Guide (Manaki, K ed), 
279-294; 2012, InTech, Rejeka, Croatia. ISBN: 
978-953-307-818-2. 

[6] Oyamada J, Kitagawa Y, Manabe Y, Rokutanda A: Dental 
pathology in the samurai and commoners of early modern 
Japan. AnthropolSci 2004; 112: 235-246. 

[7] Oyamada J, Igawa K, Manabe Y, Kato K, Matsushita T, 
Rokutanda A, Kitagawa Y: Preliminary analysis of regional 
differences in dental pathology of early modern commoners 
in Japan. AnthropolSci 2010; 118: 1-8. 

[8] Temple DH: Dietary variation and stress among prehistoric 
Jomon foragers from Japan. Am J PhysAnthropol 2007; 133: 
1035-1046. 

[9] Oxenham MF, Matsumura H: Oral and physiological 
paleohealth in cold adapted peoples: Northeast Asia, 
Hokkaido. Am J PhysAnthropol 2008; 135: 64-74 

[10] Oxenham MF: Biological responses to change in prehistoric 
Vietnam. Asian Perspectives 2006; 45: 212-239. 

[11] Cucina A, Tiesler V: Dental Caries and Antemortem Tooth 
Loss in the Northern Peten Area, Mexico: A Biological 
Perspective on Social Status Differences Among the Classic 
Maya. Am J PhysAnthropol 2003: 122; 1-10. 

[12] Leiverse AR, Link DW, Bazalliskiy VI, Goriunova OI: 
Dental Health Indicators of Hunter-Gatherer Adaptation and 
Cultural Change in Siberia’s Cis-Baikal. Am J 
PhysAnthropol 2007; 134: 323-339. 

[13] Wasterlain S, Hikkson S, Chuha E: Dental Caries in a 
Portuguese Identified Skeletal Sample From the Late 19th and 
Early 20th Centuries. Am J PhysAnthropol 2009; 140: 64-79. 

[14] Eshed V, Gopher A, Hershkovitz I: Tooth Wear and Dental 
Pathology at the Advent of Agriculture: New Evidence From 
the Levant. Am J PhysAnthropol 2006; 130: 145-159. 

[15] Bernal V, Novellino P, Gonzales PN, Perez SI: Role of Wild 
Plant Foods Among Late Holocene Hunter-Gatherers From 
Central and Northern Patagonia (South America): An 
Approach From Dental Evidence. Am J PhysAnthropol; 
2007: 133; 1047-1059. 

[16] Ubelaker DH: Human Skeletal Remains: Excavation, 
Analysis, Interpretation 1989 (2nded.). Washington, DC: 
Taraxacum. 

[17] Phenice TW. A newly developed visual method of sexing in 
the Ospubis. Am J PhysAnthropol 1969; 30: 279-301. 

[18] Todd TW. Age change in the pubic bone: I The white male 
pubis. Am J PhysAnthropol 1920; 3: 279-301. 

[19] Meindl RS, Lovejoy CO. Ectocranial suture closure: A 
revised method for the determination of skeletal age at death 
based on the lateral-anterior suture. Am J PhysAnthropol 
1985; 68: 57-66. 

[20] Tochihara H: A study on the dental attrition of Japanese. J 
Kumamoto Med Soc 1957; 31: 607-656 (in Japanese). 

[21] Fujita H: Degree of dental attrition of the Kanenokuma Yayoi 
population. AnthropolSci 1993; 101: 291-300. 

[22] Wasterlain SN, Hillson S, Cunha E: Dental Caries in a 
Portugues Identified Skeletal Samples From the Late 19th and 
Early 20th Centuries. Am J PhysAnthropol 2009; 140: 64-79. 

[23] Eshed V, Gopher A, Hershkovitz I: Tooth Wear and Dental 
Pathology at the Advent of Agriculture: New Evidence From 
the Levant. Am J PhysAnthropol 2006; 130: 145-159. 

[24] Cucina T, Tiesler V: Dental Caries and Antemortem Tooth 
Loss in the Northern Peten Area, Mexico: A biocultural 
Perspective on Social Status Differences Among the Classic 
Maya. Am J PhysAnthropol 2003; 122: 1-10. 

[25] Lieverse AR, Link DW, Bazaliiskiy VI, Goriunva OI, Weber 
AW: Dental health indicators of hunting-gathering adaptation 
and cultural change in Siberia’s Cis-Baikal. Am J 
PhysAnthropol 2007; 134: 323-339. 

[26] Dental Health Division of Health Policy Bureau Ministry of 
Health and Welfare Japan (ed.). Report on the Survey of 
Dental Diseases 2005 by Health Policy Bureau Ministry of 
Health and Welfare Japan, 2007; 25. 

[27] Fujita H: Evidence of wedge-shaped-defects in Japan from 
human skeletal remains. Gerodontol (submitted) 

[28] Fujita H: The number of missing teeth in people of the Edo 
period in Japan in the 17th to 19th centuries. Gerodontol 
2012; 29: 520-524. 

[29] Fujita, H., Suzuki, T., Ishiyama, N., Hirano, H. and Watanabe, 
I.: Distribution of dental caries cavities in the Neolithic 
Jomon population of Japan. Jpn J Oral Biol 1994; 36: 
558-561. 

[30] Fujita H: Historical Change of Dental Carious Lesions from 
Prehistoric to Modern Times in Japan. Jpn J Oral Biol 2002; 
44: 87-95. 

[31] Fujita H, Suzuki T: Dental Caries of Jomon Peoples in Japan. 
Koukogakuzasshi 1995; 80(3): 95-107 (in Japanese). 

[32] Kubota, K., Hollist, N. O., Olusile, A. O., Yonemitsu, M., 
Minakuchi, S., Watanabe, H., Ohnishi, M., Ohsawa, K., Ono, 
Y., Ajaji-Obe, S. O. and Grillo, T. A. I.: The time-related 
social and economic factors of dental health from 
longitudinal dental survey in Nigeria.JJpnSoc for Mastication 
Sci and Health Promotion 3(1): 27-35. 

[33] Fujita H: Dental diseases and stress markers on crania in 
early modern people of Nigeria. J JGerodontol 2013; 28 (in 
press).

 


