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Introduction 
Microscopic analysis of archaeological skeletal remains leads both to diagnoses of 
ancient diseases, and to improved age determinations (e.g., Kerley 1965; Kerley 
and Ubelaker 1978; Schultz 1986, 2001, 2003; Stout 1992; Wolf 1999). Addition-
ally, changes can be detected at the micro-level which provide insights into patho-
logical conditions resulting from every-day life, such as inactivity atrophy, which 
macroscopically might not be clearly observable (Schultz 1986, 1997, 2001, 2003). 
Also, the effects of heat and fire, occurring perimortem or postmortem, produce 
characteristic changes in the microstructure of bones (Grimm and Strauch 1959; 
Piepenbrink and Herrmann 1988; Schultz 1986, 1997, 2001, 2003; Teschler-Nicola 
and Schultz 1984). In the case of small bone fragments, it may not be clear 
whether they are of human or other animal origin. The histological analysis of 
bone samples can establish their identity (Harsányi 1978, 1993; Schultz 2001). 
Furthermore, microscopic examination of ancient bone samples can frequently 
yield important information as to the state of preservation and the kind of post-
mortem destruction (e.g., Hackett 1981; Schultz 1986, 1994, 1997, 2001, 2003; 
Stout and Teitelbaum 1976), necessary for the dating of the archaeological bones 
by the radiocarbon technique, or for molecular work, for instance, on ancient 
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DNA and collagenous and non-collagenous bone proteins (Schmidt-Schultz and 
Schultz  
2004, 2005, 2007), or examination of trace elements and stable isotopes (e.g., Hotz 
2002; Schultz 1986, 1997). 

Reliable diagnoses are the basis of etiology and epidemiology of diseases in 
past populations. However, this is not always easy. As a rule, paleopathologists 
can only examine the vestiges of ancient diseases in dry bones. There are no soft 
tissues or cells, which play such an important role in pathological investigations on 
recent materials, which could be studied to establish a reliable diagnosis or for 
comparative purposes. When archaeological skeletal remains are studied by mac-
roscopy alone or even additionally by radiological techniques, the rate of false 
diagnoses is still high. Therefore, special methods and techniques, particularly at 
the microscopic level, need to be established to render such diagnoses more reli-
able (Schultz 2001, 2003). 

Remark: We should keep in mind that the results of the microscopic investiga-
tion of two small samples, only a few square centimetres in size from two long 
bones are not representative enough to characterize the health condition of one 
individual and certainly not of the whole population. 

Materials and Methods 
Two samples which were taken from the burial PCN-IV Skeleton 6 (see Drawatik 
this volume) (right femur and left humerus) of the Neolithic cemetery of Pacung, 
northern Bali (Indonesia), were X-rayed and then investigated using low power 
microscopy and thin ground section microscopy. As archaeological bone might 
be, as a rule, fragile and extremely brittle, the technique of choice for the micro-
scopic examination is the preparation of undecalcified thin ground sections (e.g., 
Hackett 1976; Stout 1992; Schultz 1986, 2001, 2003). To produce thin ground 
sections for light microscopy, a special technique was established based upon the 
method of plastination developed by Hagens (1979), but modified for histological 
purposes by Michael Brandt and Michael Schultz working on archaeological 
specimens (cf. Schultz 1988, 2001). The embedding medium is a special epoxy 
resin (Biodur®). 

The embedded samples were mounted on a glass slide, cut with a special circu-
lar saw (Dr. Steeg and Reuter, Frankfurt am Main) and ground down to a thick-
ness of 70µm and 50µm (unstained thin ground sections examined in plane or 
polarized light) with the same saw using a special circular disk (cf. Schultz 1988, 
Schultz and Drommer 1983). Thus, from each sample two sections were available 
for light microscopic research. 

The thin ground sections were examined by transmission microscopy in plane 
and polarized light using the light microscope DMRXP (Leica). Thus, the nature 
of possible pathological structures could be relatively easily detected. The use of 
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polarized-light microscopy is very useful for examining ground sections produced 
from dry bone samples to identify collagen fibres and the special pattern of min-
eralized structures in normal and pathologically changed bones. The use of a hilf-
sobject red 1st order (quartz) as compensator (cf. Schultz 1988) yields more infor-
mation on the features of macerated bone and ossified soft tissues because various 
structures, for instance, collagen fibres in poorly preserved bone structure and 
their orientation as well as agents and products of diagenesis, such as crystals, and 
remains of flora and fauna, are better observable (Schultz 1997). 

The age of the individuals was checked by the histomorphological and the his-
tomorphometric method (e.g., Kerley 1965; Kerley and Ubelaker 1978; Wolf 
1999). 

Results 

Taphonomy 
The X-ray images show slight radiopaque spots which suggest diagenetic influ-
ences. Therefore, all four thin ground sections were studied for alterations due to 
diagenesis (taphonomy). The quality of the preservation of the inorganic materials 
(mineralized structures) of the bony tissue is relatively good (Photos 1a, 1b, 3a, 
3b), however, the preservation of the organic materials (e.g., bone collagen fibres) 
is fair to poor (right femur: Photos 1 and 2) and poor (left humerus: Photo 3).  

As a rule, diagenesis occurs in bones after the process of decomposition and is 
associated with characteristic morphological features of decay.  

Sometimes bones might be preserved in the ground by protective surround-
ings. This did not happen in the case of these two samples. Both samples show 
relatively advanced diagenetic destruction of their microstructure due to the 
growth of algae (Photos 1d, 2a-b, 2d, 3c) which led to the partial loss of original 
organic materials, such as bone collagen. Thus, the skeletons apparently remained 
over a relatively long time period in muddy or wet earth (e.g., shore of a lake or 
the sea). However, the process of diagenesis worked slowly and incompletely. In 
both samples, the algae growth infiltrated the compact bone substance from the 
external (periosteal) and the internal (endosteal) surfaces (Photos 1c, 3b), as well 
as from the lumina of the blood vessel canals (Haversian canals: Photos 1d, 2a, 2b, 
3c).There is another interesting taphonomic feature. In some blood vessel canals, 
particularly in the humerus sample and, here, in the central and the endosteal area 
of the compact bone substance, there is evidence of a circumscribed secondary 
crystallization process which is characterized by the aggregation of crystals which 
filled the lumina of the blood vessel canals (Photos 3b, 3c). This phenomenon 
cannot be mistaken for the beginning of a fossilization process but is due to the 
reactions between the degradation process of soft tissue remains and the surroun-
ding soil (cf. Schultz 2001).  
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Additionally, there is evidence of long lasting soil pressure which caused micro-
fractures (cracks) in the compact bone substance of both samples (Photos 1d, 2b). 
 

  
Photo 1a) Bali femur: Overview of the cross 
section. Undecalcified thin ground sections 
(70µm) viewed through the microscope in 
plane transmission light. Magnification 16x. 

Photo 1b) Bali femur: Overview of the cross 
section. Undecalcified thin ground sections 
(50µm) viewed through the microscope in pola-
rized transmission light using a hilfsobject red 
1st order (quartz) as compensator. Magnifica-
tion 16x. 

  
Photo 1c) Bali femur: Close up of the cross 
section. Region of the external and the internal 
circumferential lamellae relative severely affec-
ted by diagenesis (dark zones). Undecalcified 
thin ground sections (70µm) viewed through 
the microscope in polarized transmission light 
using a hilfsobject red 1st order (quartz) as 
compensator. Magnification 25x. 

 

Photo 1d) Bali femur:  Haversian systems (os-
teons) affected by postmortem tunneling due to 
algae growth (diagenesis). Almost complete loss 
of collagen fibers. Micro-fractures (cracks) due 
to postmortem soil pressure. Undecalcified thin 
ground sections (50µm) viewed through the 
microscope in polarized transmission light using 
a hilfsobject red 1st order (quartz) as compensa-
tor. Magnification 100x. 
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Photo 2a) Bali femur: Individual from burial 
PCN-IV Skeleton 6. Cross sections through 
femur sample. Remains of Haversian systems 
(osteons) and relatively well preserved tangential 
lamellae. In this area, collagen fibers are relative-
ly well preserved. Undecalcified thin ground 
sections (50µm) viewed through the microscope 
in polarized transmission light using a hilfsobject 
red 1st order (quartz) as compensator. Magnifica-
tion 100x. 

Photo 2b) Bali femur: Haversian systems (os-
teons) affected by postmortem tunneling due 
to algae growth (diagenesis). Almost complete 
loss of collagen fibers. Micro-fractures (cracks) 
due to postmortem soil pressure. Undecalcified 
thin ground sections (70µm) viewed through 
the microscope in polarized transmission light 
using a hilfsobject red 1st order (quartz) as 
compensator. Magnification 100x. 

  
Photo 2c) Bali femur:  Relatively well preserved 
external circumferential lamellae with blood 
vessel impression. Tunneling due to postmortem 
algae growth (diagenesis). Undecalcified thin 
ground sections (50µm) viewed through the 
microscope in polarized transmission light using 
a hilfsobject red 1st order (quartz) as compensa-
tor. Magnification 100x. 

Photo 2d) Bali femur: Haversian systems (os-
teons) and tangential lamellae partially affected 
by postmortem tunneling due to algae growth 
(diagenesis). Undecalcified thin ground sections 
(70µm) viewed through the microscope in 
polarized transmission light using a hilfsobject 
red 1st order (quartz) as compensator. Magnifi-
cation 100x. 
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Photo 3a) Bali humerus : Overview of the cross 
section. Undecalcified thin ground sections 
(50µm) viewed through the microscope in plane 
transmission light. Magnification 16x 

 

Photo 3b) Bali humerus: Overview of the 
cross section. Note postmortem crystals in 
Haversian canals as product of diagenesis. 
Undecalcified thin ground sections (50µm) 
viewed through the microscope in polarized 
transmission light using a hilfsobject red 1st 
order (quartz) as compensator. Magnification 
16x 

  
Photo 3c) Bali humerus : Haversian systems 
(osteons) and remains of tangential lamellae 
partially severely affected by postmortem tunne-
ling due to algae growth (diagenesis). Crystals in 
Haversian canals in the middle and the endosteal 
area of the compact bone substance as product 
of diagenesis. Undecalcified thin ground sec-
tions (50µm) viewed through the microscope in 
polarized transmission light using a hilfsobject 
red 1st order (quartz) as compensator. Magnifica-
tion 100x. 

 

Photo 3d) Bali humerus : Relatively poorly 
preserved incomplete external circumferential 
lamellae. Tunneling due to postmortem algae 
growth (diagenesis). Undecalcified thin 
ground sections (50µm) viewed through the 
microscope in polarized transmission light 
using a hilfsobject red 1st order (quartz) as 
compensator. Magnification 100x. 
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Microscopic Age Determination 
Using thin ground sections which were produced from samples taken from the 
two long bone fragments (Photos 1 – 3), the age at death was estimated by the 
micro-morphometric and the micro-morphological age determination. Four mor-
phological features were studied: 1) Haversian systems (= osteons), 2) fragmented 
osteons, and 3) non-Haversian systems, as well as 4) the external and the internal 
circumferential lamellae. If we start with the most important structure of the 
compact bone substance which is represented by the osteon or Haversian system, 
we observe that in both long bone samples most of the osteons show a regular 
shape and size as well as canals characteristic of individuals of the juvenile or 
young adult age group (Photos 1d, 2b, 3c). Large sized blood vessel canals or re-
sorption holes which would be characteristic of the mature and senile age groups 
are missing. The external circumferential lamellae is very well developed. In the 
sample taken from the femur (Photo 2c), the external circumferential lamellae are 
better preserved than in the sample taken from the humerus (Photos 3c). The 
internal circumferential lamellae are not as well developed (Photos 1b, 3b) and in 
the sample from the humerus not very well preserved. 

Thus, the estimated age of the samples from burial PCN-IV S 6 is 15-20 (10) 
years for the right femur and 15-20 (25) years for the left humerus. Therefore we 
can assume a core age of 15-20 years for this individual.  

Pathology 
Bone surfaces of the two samples representing small fragments of the right femur 
and left humerus of the individual from burial PCN-IV SK6 were investigated by 
magnifying glass and a low power binocular microscope. No vestiges of patho-
logical conditions were observed on the external surfaces. 
X-ray images did not reveal any pathological conditions. 

Despite the relatively poor preservation of the two samples, a microscopic in-
vestigation of all four ground sections was carried out to diagnose vestiges of 
diseases or pathological conditions. There is no evidence of vestiges of systemic 
deficiency diseases or inflammatory processes. 

Summary 
Two long bone samples (femur, humerus) of one individual from the Neolithic 
site of Pacung in northern Bali (Indonesia) were investigated using macroscopic, 
low power microscopic, radiological and light microscopic techniques including 
polarizing microscopy. The age was estimated by histomorphological and histo-
morphometric age determination to be 15 – 20 (10) years (femur) and 15 - 20 (25) 
years (humerus). The compact bone substance of the two samples showed pro-
nounced diagenetic changes mainly due to the growth of algae which had infil-
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trated the compact bone substance from all external and internal surfaces which 
suggests that the burials had been interred in wet earth. There is influence of mild 
soil pressure expressed by some micro-fractures. Vestiges of pathological pro-
cesses were not observed. 
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