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FROM NORMADIC HUNTER-GATHERER TO THE
BEGINNING OF SEDENTISM:
DENTAL PATHOLOGICAL OBSERVED AT SITE OF
PRATU PHA, NORTHERN THAILAND
Worrawit Boonthai*
* École Doctorale d’Archéologie (Archéologie, Anthropologie et Ethnologie) Université de
Paris I-Panthéon-Sorbonne, FR; wboonthai@gmail.com
Rezumat. Situl arheologic de la Pratu Pha este localizat într-o zonă deluroasă din nordul Tailandei. Cronologia acestuia se întinde de la sfârşitul Neoliticului, fiind evidenţiate unelte lustruite
de piatră (topor de mână) cu tipologii diferite, situl continuând până în epoca fierului (perioada
timpurie). Acest sit este un bun exemplu ca şi fază de tranziţie în evoluţia societăţii de la culegători-vânători la intensa exploatare a resurselor naturale, cu o subzistenţă bazată pe vânătoare,
pescuit, cules, ca debut al sedentarismului. Principalul mijloc de subzistenţă al acestor comunităţi
era agricultura, suplimentată de creşterea animalelor şi pescuit-vânătoare. Omul perioadei consuma o combinaţie de produse obţinute din vânat, pescuit dar și din creşterea animalelor. Schimbarea de la nomadism, bazat pe vânătoare-cules, la seminomadism, cu agricultura pastorală,
se produce la tranziţia spre Neolitic. Scheletele descoperite reflectă aceste modificări, prin patologia prezentă, acest articol oferind câteva exemple de patologii observate la nivelul dinţilor,
putându-se reconstitui starea de sănătate a populaţiilor preistorice. Preponderenţa unor patologii
dentare şi răspândirea lor este direct influenţată de dietă, factori de nutriţie şi de modul de procurare a hranei. Boala periodontală, cariile erau normale pentru această perioadă ca rezultantă a
schimbării dietei şi a obiceiurilor alimentare.
Cuvinte cheie: patologie dentară, sit preistoric, Pratu Pha, Tailanda, vânători-culegători nomazi,
începutul sedentarismului.

1. Introduction
Palaeopathological investigation is a recent development in the field of human
skeletal biology. It deals with the skeletal pathologies and anomalies in the light of
ecology, environmental changes, subsistence pattern and social organization giving
bio-cultural perspective. Differences in status and rank are expected to have effects
on health and nutrition of people because of differential access to the food resources.
These health and dietary differences are reflected in the bones and can be
studied in archaeological populations.
There are some methodological issues while dealing with palaeopathological
lesions, however. Most of the analysis relating to pathological specimens of past populations has been based on present day clinical data. There is always a great risk in using
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Fig 1. Map of Thailand showing location of the major
archaeological sites mentioned.
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such data to interpret protohistoric sample. Another major hurdle is the absence of a
uniform method to describe different types of abnormal conditions and their locations
as based on definite criteria that reflect the underlying pathological processes. The problems at the theoretical level are far more serious. Evidence of pathological lesion could
be diagnosed as an indicator of poor health for the population under study, and at the
same time absence of lesion may, at least theoretically, indicate good health. However,
it may also imply evidence of a good immune response to disease, as the disease first
affects the soft tissue before it makes its manifestations in the bone. Also possible is,
individuals lacking evidence of skeletal disease may be dying of acute diseases or in
the acute phase of chronic diseases. So when no lesions or very less amount of lesions
are diagnosed, the inference may not necessarily be of a healthy population. Moreover,
many disease processes affect only the soft tissues and cannot be read on bones. Secondly, the ultimate research goal in palaeopathology should be not only to diagnose
a disease, but also rather to study its impact on overall health status of the past populations as an entire unit. However, the skeletal population available for study may not
always be 'representative' of the people. In addition, the skeletal material is often fragmentary and poorly preserved; therefore observation of the distribution pattern of abnormal changes is not possible. Despite the problems and limitations, the branch of
palaeopathology has lots of information to offer about the ancient lifeways, the palaeodiets, health and medical practices, history of diseases and their effects on past populations and the ways of adaptation and overcoming and buffering of these disease by past
populations1.

2. Site of Pratu Pha
The archaeological site of Pratu Pha is located in the Lampang province, in the
mountainous highland in north Thailand, at approximately 70 kilometers north of the
city of Lampang on Highway 1 to Phayao and Chiangrai (Fig. 1/7). Pratu Pha has been
recognized by the public for its outstanding landscape. This archeological site came
into the spotlight among archaeologists in 1988 when Captain Chukiat MEECHOME,
from the Pratu Pha Special Forces Training Camp, discovered a large number of prehistoric rock paintings located on a limestone outcrop along the cliff’s long panels.
This site is one of the biggest archaeological sites in Thailand. The archaeological deposits of Pratu Pha was intensively surveyed and excavated in 1998 by the
Office of Archaeology and National Museum. There were three excavation units near
the area of first rock painting group (discussed below). The excavations have yielded
rich habitational and burial evidence that corroborates well with the rock paintings of
the ancient habitants. Archaeologists believe that the prehistoric men of Pratu Pha was
comprised of a small agricultural community. They lived in houses surrounded by paddy
fields. They knew how to weave in order to make clothes and elaborate craft-works. The
use of red ochre and funerary objects found in the burials also indicate that they conducted religious rituals and firmly believed in a next life. In brief, finding at the site presents valuable evidence for a study of the social structure, technological progress and
1

Roberts, Manchester, 1995; Ortner, Putschar, 1981.
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interrelation between humans and the ecology. Findings have also shown evidence of
evolution of human's thinking and belief during the transition period from Protohistory
to a history period which make this archaeological site even more important and interesting.
The Pratu Pha site is dated around 2900–3200 BP, on the basis of AMS C14 of
7 samples tested at Ångström Laboratory, Uppsala University. Chronologically the site
was occupied between the Neolithic to Metal Ages, but this article will give some observation about the dental pathology which gives very good example of transition period
from hunting–gathering way of life to agriculture community.

3. Dental pathology
Not many teeth could be examined during the course of this study. Most of the
gnathic bones seen were devoid of any tooth, post-mortem loss in many cases. Isolated
teeth are not included in the study sample. Yet some pathological markers are noted on
some bones/teeth. The lesions reported include antemortem tooth loss, alveolar resorption, and enamel defects. Suspected caries and enamel discoloration in one case is noted.
Enamel discoloration may be a taphonomical phenomenon. The researcher did not get
access to the data of fluoride content of the water around, consequently no positive comment can be forwarded. There is no case of dental crowding or tartar accumulation in
the preserved set.
Dental pathology is recognized by physical anthropologists as a valuable tool
to illustrate the complexity of bio-cultural interaction in prehistoric human populations.
It provides meaningful data for reconstruction of general health status of the population
and decipherment of the specific biological adaptations in response to the cultural or
ecological stresses. The prevalence and distribution of dental disease provides direct
evidence regarding diet (what is eaten), nutrition (physiological adequacy of the diet)
and subsistence (method of procuring the diet).

Fig. 2. Specimen 154: Maxilla occlusal view.
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Dental attrition is the gradual and regular loss of tooth substance as a result of
natural mastication2. It is a mechanical process, reflecting daily and intimate contact of
the people with their environment. Attrition of the occlusal surfaces may destroy the
enamel, exposing the underlying dentine. Attrition continued beyond this point may
threaten exposure of the pulp cavity. Dental attrition is a well-known and most commonly reported phenomenon in archaeological skeletons. Most of the young-, middle
aged- and old-adults generally possess moderately or heavily worn teeth. Deciduous
dentition generally do not exhibit such moderate or heavy attrition. However, sample
154 is the present study is only 4 years old and exhibit heavy wear on dm2 (Fig. 2).
There is suspected caries lesion on occlusal surface of one tooth (Sample 139
Fig. 5) and also on two isolated teeth (Fig. 3, 4). Caries are infectious and transmissible

Fig. 3. Dental caries.

Fig. 4. Dental caries.

disease in which progressive destruction of tooth structure is initiated by microbial activity on the tooth surface3. Food particles that become entrapped in the inter-cuspal
fissures of the tooth crown provide ideal micro-environments for the reproduction and
destructive activity of these acidogenic micro-organisms. Recent paleopathological
literature emphasizes caries as an indicator for evaluating the nutritional differences
between hunter-gatherers and agriculturists4. Increased carious lesions in agricultural
populations are associated with a shift to high carbohydrate diets.
There are two cases of enamel defect. Sample 132 (age at death approx. 4–5
years) exhibit enamel extension on dm2 (Fig. 7, 8). Sample 139 exhibit enamel pitting
on buccal aspect of the preserved molar tooth (Fig. 9).
Most common ailment of abnormal quality of teeth is hypoplastic defect in the
enamel, gross or linear enamel hypoplasia. Lesions present in these two teeth are not
2

Pindborg, 1970.
Pindborg, 1970.
4
Cohen, Armelagos, 1984.
3
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Fig. 5. Specimen 139: Suspected
caries on LM3.

Fig. 6. Dental caries.

hypoplasias but certainly signify deficiencies in enamel thickness resulting from physiological disruptions during the enamel formation. The etiology of enamel hypoplasia is
most frequently attributed to vitamin-D deficiency, exanthematous fevers, or hypoparathyroidism. Dental hypoplasia is also thought to be associated with rickets. Tuberculosis
is most commonly a disease of childhood, especially when the child is under/malnourished, so it is not surprising to find hypoplastic dental lesions associated with tuberculosis. Hypoplastic defects on primary teeth are related to specific events in the prenatal
life. Confirmation of a particular disease is not always possible in archaeological specimens.
Periodontal disease involves an inflammatory response to one or more irritants.
This inflammation often results in resorption of alveolar bone, as seen in some specimens of this series. The condition is characterized by partial degeneration of the bone
tissue which supports the molar teeth creating an abnormally large distance between
the bone and the cemento-enamel junction. The ultimate result of advanced alveolar

Fig. 7. Specimen 132: Mandible right
lateral view.

Fig. 8. Specimen 132: Extra cusp
protostyloid on RDm2.
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Fig. 9. Specimen 139: Mandible left lateral view.
resorption is complete exposure of the roots of the tooth, tooth evulsion and, finally,
obliteration of the tooth sockets5 (Fig. 11, 12, 13).
The alveolar bone may reduce or resorb for a variety of different reasons including pyorrhea (inflammation of the gums), purulent dental abscess or excessive and prolonged masticatory pressure on the tooth. Excessive attrition, caries infection and unhygienic oral conditions are primarily responsible for the lesion. Metabolic problems may
result in inflammatory conditions that affect
the periodontal tissues. General deficiencies
Fig. 10. 3.378. Enamel hypoplasia.
of vitamin-A, vitamin-C, and iron anemia

Fig. 11. Specimen 152: Right maxilla
lateral view.
5

Fig. 12. Specimen 153: Maxilla front
view.

Brothwell, 1972.
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results weakening of the quality of the connective tissue associated with teeth.
Another common irritant found in archaeological specimens is calculus deposition on dental elements (Fig. 14). Calculus and its precursor, bacterial plaque, consists of a sticky coating including protein, food particles, living and dead micro-organisms. When plaque mineralizes, it becomes calculus and in this form can be found on
archaeological skeletal specimens as relatively hard additions to the tooth surface usually at the margins of the gums6. The role of calculus in periodontal disease is not clear.
In any case, the presence of calculus on dental tissues is an important consideration
in evaluating the irritation of gum tissue and possible cause of periodontal disease.
Calculus deposits are very common in archaeological skeletal material and often it
coexists with severe attrition.

Fig. 13. Specimen 157: Maxilla frontal
view.

 Fig. 14. Tartar accumulation.
Dental fluorosis is discolouration of teeth. Though not many teeth are covered
under this study those seen exhibit moderate to severe discolouration of enamel. Donald
J. OTNER and Walter G. J. PUTSCHAR 7 enumerates nine different sources of dental
discolouration. Palaeopathological evidence is cited for betal-nut chewing. Recently
it has been documented that high fluoride content of drinking water results in unusual
discolouration of the enamel, either in the form of 'milky-white' patches, yellowish
brown stains or discrete and confluent pitting commonly seen in the Neolithic sites of
the Indian sub-continent 8. High fluoride levels in surface water are common in North
Thailand9. In tropical and arid regions even low or moderate fluoride levels can cause
unacceptable levels of dental fluorosis because of the much greater intake of water. The
6

Ortner, Putschar, 1981.
Ortner, Putschar, 1981.
8
Lukacs, 1985.
9
McGrady et alii, 2012.
7
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use of naturally fluoritated water in irrigating crops and food processing can also significantly elevate the fluoride content of food. In populations exposed to higher levels of
fluoride for example, high levels of fluoride in groundwater used for cooking and drinking, fluorosis may manifest as more severe hypomineralization with pitting and loss
of the surface enamel. Such a population exposed to high levels of fluoride in groundwater exists in Chiang Mai province, Thailand. Water is fairly abundant in the form
of both surface and ground water. The villages of the Chiang Mai and the adjacent
Lampang province have water supplies that are derived from groundwater sources
where the fluoride content has been shown to range between 0 – 16 mg per litter. As
per the WHO standard acceptable levels of fluoride are between 0.8–1.2 mg per litter
water10. The fluoride level above 1.5 mg per liter causes the pitting of enamel and
deposition in bone, and above 10 ml per liter crippling skeletal fluorosis is possible.
Antemortem tooth loss is a condition in which the tooth is shed prior to the
individual's death. More frequently because of severe dental attrition which exposes
the pulp cavity, infection ensues and tooth is prematurely shed. Severe and untreated
dental caries may effectively destroy the bulk of the tooth crown and penetrate the pulp
cavity, thereby causing infection and premature tooth evulsion. It is not easily possible
to demonstrate the etiology of antemortem tooth loss in archaeological sample since
the affected tooth is already lost and the bone is completely healed up (Fig. 15, 16, 17
and 18).

Fig. 15. Specimen 104: Porosity on palate.

10

Source WHO data http://www.who.int/water_sanitation_health/naturalhazards/en/index2.html
(accessed 1.05.2017).
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Fig. 16. Specimen 107: Post mortem lost
of maxillary teeth.

 Fig. 17. Specimen 136: Mandible
occlusal view.
As stated earlier the Pratupha
population had healthy life. Of the lesions described earlier the traumatic,
degenerative, occupation related and
dental pathologies need not be taken
as reflective of 'poor' health status. The
infections, esp. porotic hyperostosis,
cribra orbitalia and metabolic insults
like scurvy need to be discuss further.
Porotic hyperostosis is primarily
caused due to nutritional deficiency.
Though iron deficiency itself is not a
disease, but it makes the person prone
to catch recurrent infection. Scurvy,
Fig. 18. Specimen 141: Mandible occlusal
caused by vitamin C deficiency, is
view.
more seen in children.
This age segment have greater risk of experiencing iron deficiency than adult,
esp. if the child is fed exclusively on breast milk. The ethnographic survey undertaken
during the study shows very wide range of vegetable and animal food supplies, probably
one of the widest variety seen anywhere in the world. In the situation there is hardly any
chance of iron or vitamin C deficiency to occur in the population. The only and/or rather most convincing explanation could be high loads of intestinal parasites.
The medical records also indicate high occurrence of gastro-intestinal morbidity. The reasoning may not only be valid for the sub-adult group but for the elder members of the society as well. Neonatal death (sample 876) necessarily indicate poor health
status of the mother. Evidences of poor and anemic status of pregnant and nursing moth-
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ers is very well documented in the Indian Chalcolithic skeletal series and contemporary population. Higher infant mortality rates, reduced life expectancy has been speculated for these sites. Similar situation can be imagined in the prehistoric scenario in
Thailand. The iron or Vitamin C deficient individual is most susceptible to catch bacterial or viral recurrent infection, esp. involving the respiratory track or infections similar to malaria. The thick vegetation around the site of Pratu Pha and the repeated rain
provide ideal atmosphere for malarial vectors. It is extremely important to study the entire
series comprehensively for positive diagnosis of the lesions. It will engage a multidisciplinary approach involving microscopic, chemical, radiological and molecular research tools.

4. Pathological observations at Ban Chiang and other sites of Thailand and South-Asia

Michael PIETRUSEWSKY and Michele Toomay DOUGLAS11 give excellent
narration of the lifeways and daily life using their palaeopathological observations. The
following is the edited version of their findings: “The human skeletal remains excavated from Ban Chiang, northeast Thailand, provide the first comprehensive glimpse of
the ancient inhabitants of a poorly known region of the world. The palaeopathological
observations of the series provide evidence of the daily lives and lifeways of the people.
Ban Chiang skeletal series support that the health of the ancient population was generally good. The relatively healthy condition of the population appears to be sustained
throughout the sequence”.
Pietrusewsky and Douglas12 provide also excellent overview of the palaeopathological studies while comparing their Ban Chiang findings with other sites of Thailand and South-East Asia. Comparisons Indicators of dental palaeopathology are low
in the Ban Chiang and other inland skeletal samples from Thailand. Frequencies of
carious lesions, premortem tooth loss, dental abscessing, and periodontal disease are
typical of the hunter/gatherer/cultivator economy practiced at these sites during prehistoric times. The Khok Phanom Di series exhibits dental enamel hypoplasia frequencies
that are double those at Ban Chiang, has lower dental attrition, but comparable dental
abscessing frequencies. Carious lesion frequencies are slightly higher in the Khpk
Phanom Di sample than in the northeastern samples, a prevalence that is more commonly seen in agricultural economies. While the prevalence of cribra orbitalia is consistently low in the northeastern samples, it is nearly twice as high at Khok Phanom
Di. The high rate of physiological stress inferred from enamel hypoplasia and cribra
orbitalia frequencies at Khok Phanom Di may be related to substantial evidence for
anemia (specifically thalassemia) at this site. The anomalies of the vertebral skeleton
examined are rare in all of the prehistoric series from Thailand. Advanced osteoarthritis
of the vertebral and appendicular skeleton is fairly consistent in the northeastern samples, though highest in the Ban Chiang remains. However, it is higher still at the coastal
site of Khok Phanom Di. This inland/coastal difference could be an artifact of differ11
12

Pietrusewsky, Douglas, 2002, p. 175-176.
Pietrusewsky, Douglas, 2002, p. 253-254.
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ent scoring methods, because the younger age-at-death distribution at Khok Phanom
Di would be expected to result in lower frequencies of osteoarthritis not higher. On the
other hand, the differences could be due to different lifestyles in the two regions or to
different genetic susceptibilities
It appears that in the incipient agriculture stage, especially in the Deccan, the
problem concerned not only quality of diet, but also quantity. Hunter-gatherers probably ate both meat and forest products whereas agriculturists had a narrow choice of
food with little to supplement their diet when their crops failed. From the skeletal series
of Inamgaon, Daimabad and Kaothe, markers of periodic stress have been noticed on
the long bones and teeth (Harris lines and enamel hypoplasia, respectively) which probably indicate periodic famines, food shortages and high infection rates13 supported by
archaeological evidence for ecological stress14.
Thus, both under-nutrition and mal-nutrition contributed to skeletal gracility in
early farming protohistoric communities.

5. Discussion and Conclusion
The beginning of sedentism subsistence was primarily on agriculture, supplemented by stock-raising and hunting-fishing. The food economy was based on a combination of agricultural products and animal food including both domestic. Robust body
size and larger dentition in individuals are interpreted as successful biological essential
for the exploitation of new ecological settings and a hunting-gathering way of life associated with the consumption of coarse-fibre food. The overall gracile appearance of the
later population, in comparison with their hunting-gathering predecessors, can mainly
be attributed to two factors: decreased mechanical stress, and increased nutritional stress.
In addition, higher morbidity in the settled early farming communities might also have
contributed for the comparatively delicate built.
Later period technological development and increased efficiency of food producing techniques. In addition to the soft carbohydrate diet, the sophistication of pottery
use, quern processing, and other pounding activities enabled the settled agriculturalists
to change their food preparation methods (i.e., from raw or roasted food to finely-ground
and cooked food). The diet in the hunter-gathering stage was rich in minerals, proteins,
vitamins and trace nutrients and relatively low in starch; on the contrary, in settled early
farming communities there were greater dependence on carbohydrate rich food and
Dental caries, Periodontal disease are common found at this site.
Farming activity is a destabilized system that permits people to raise production
above the natural capacity of the land, and the most desirable cultigens (i.e., high energy
yielders) typically have low nutrient densities. In other words, the intensified use of
a vegetable food source in the farming stage assured greater food stability, it leads to
a less nutritive diet. It has been documented that the populations experiencing an agricultural transition tend to grow smaller in size because of protein malnutrition. It is
possible that the same phenomenon might have occurred with the Indian protohistoric
populations. It appears that in the incipient agriculture stage, the problem concerned
13
14

Walimbe, Lukacs, 1992; Walimbe, Gambhir, 1994.
Dhavalikar, 1988.
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not only quality of diet, but also quantity. Hunter-gatherers probably ate both meat
and forest products whereas agriculturists had a narrow choice of food with little to
supplement their diet when their crops failed. By markers of periodic stress have been
noticed on the long bones and teeth (Harris lines and enamel hypoplasia, respectively)
which probably indicate periodic famines, food shortages and high infection rates which
specimen from this site also can be seen.
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