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5 Does castration in oxen cause a histological difference with other 
cattle metapodia? A preliminary study 

 
 
 
 
 
 
 

Abstract - In archaeological bone samples from cattle, sex distribution can give important 
information about animal husbandry. The presence of oxen, for instance, is a clear indication 
of the use of cattle for traction. To determine the sex by metric means can, however, be 
difficult in small samples or individual bones. A small study was conducted to explore the 
potential of histology for identifying oxen. The primary bone structure reflects bone growth 
rate. Since early castration can double the time of the epiphyseal fusion in the metapodia, this 
could cause the primary bone structure in oxen to differ from bulls and cows, due to a corres-
ponding decrease in radial growth.  
No difference was found in primary bone structure types or combinations of types in two 
reference series of cattle metapodia. However, the extent of a growth layer containing pri-
mary lamellar bone at the periost did differ. Only a thin growth layer could be observed in the 
thin sections of cow and bull metapodia, if at all. In contrast, the oxen showed an area 
between 1150 and 3000 �m thick. Its relative thickness is between 7.6% and 30.0%. It is 
tentatively concluded that such a thick growth layer at the periost, containing a slow-growing 
primary bone type, is indicative of oxen. Further study is needed to confirm this result. 
 
Keywords - oxen, draught, animals, bone microstructure, histology, archaeozoology 

 
 
5.1 Introduction 
 
Cattle have been used by man for a range of purposes, including meat, dairy produce and leather. 
Another function of cattle was in traction. Pathological features on the distal regions of the extre-
mities or the shoulder and pelvic girdles may provide proof that some animals were used as draught 
animals (Brothwell 1981, Bartosiewicz et al. 1997a,b). Although cows have been used for traction, 
the presence of oxen in an archaeological context is a clear indication of this use (Bartosiewicz et al. 
1997a). Measurements of the horn-cores, the frontal bone of the skull and the metapodia have been 
used to distinguish between cows, bulls and oxen in archaeological samples (Chaplin 1971, Arnitage 
& Clutton-Brock 1976, Grigson 1982, Benecke 1988). However, measurements can show overlaps 
and are not easily applicable to small samples or individual bones (Thomas 1988, Sykes & Symmons 
2007). Metapodials, for example, may vary in shape and size between types of cattle, which obscures 
the sex differences (Albarella 1997). 
Bone structure can provide a lot of information about age (Kerley 1965), disease (Schultz 1986), 
species (Cuijpers & Lauwerier 2008) and mechanical strain (Mason et al. 1995), for example. A 
histological study of modern cattle metapodia has shown a difference in secondary bone structure 
between oxen and other cattle (Fabis 1997). The thin sections from the three oxen showed a diffe-
rence in the occurrence and distribution of the secondary osteons compared to those of the cow and 
the bull. The author mentioned, however, that more information is needed about the influence of age 
and weight on the secondary bone structure before this difference can serve as a sexing criterion. 
While the secondary bone structure can be influenced by age and mechanical strain, among other 
things, the primary periosteal bone structure is determined by growth rate. The studies by Amprino 
(1947) and de Ricqlès (1980) have shown that the tissue structure of primary periosteal bone corre-
lates with its rate of deposition. A correlation between adult animal size and bone structure can be 
inferred. In cattle – relatively large animals that have to reach their adult size within three to four 
years – fibro-lamellar bone, a fast-growing tissue, is normally found in the mid-diaphyseal part of the 
long bones. 
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In humans, whose long bones can take as long as 19 years to grow, lamellar bone, which is a slow-
growing tissue, is the most common primary bone structure (Cuijpers 2006). The growth of the long 
bones in oxen can be affected by castration (Brännäng 1971). The closure of the epiphyses generally 
occurs later and the time to closure can even be doubled by early castration, thus in effect extending 
the growth period (Fabis 1997). Radial bone growth rate in oxen metapodia can be influenced by this 
and the primary bone structure may subsequently be affected. In this study therefore, the primary 
bone structure in oxen metapodia was investigated to see if it differs from other cattle. This would 
make histology a useful tool to help archaeozoologists identify the presence of oxen, and therefore 
cattle, as draught animals. 
 
 
5.2 Material and method 
 
The primary bone structure was examined in 14 cattle metapodia using histology. The decision to use  
metapodia reflects a practical choice. Since bones of modern oxen are not easy to obtain, the availa-
bility of a histological reference series from modern oxen metapodia was the deciding factor. Further-
more, metapodia often occur in archaeological samples, making metapodia useful for establishing the 
archaeological applicability of the proposed method. 
The thin sections of the metapodia belonged to two histological reference series (Table 15). The first 
series, developed by and belonging to the “Koninklijk Belgisch Instituut voor Natuurwetenschappen”, 
Brussels (Bartosiewicz et al. 1997a) consisted of eight metapodia of three oxen and a bull from a 
modern context. Only the transversal thin sections from the middle of the diaphysis were included in 
this study (Fabis 1997). 
 
Table 15  Reference series used in this study. 
Individual/sex age (years) date height (m) weight (kg) bone element/part 
modern series           
bull  2-2.5  recent (1) - 500 metatarsus, metacarpus 
oxen 1 8 recent (1) - 850 metatarsus, metacarpus 
oxen 2 8 recent (1) - 501 metatarsus, metacarpus 
oxen 3 19 Recent (1) - 449 metatarsus, metacarpus 
archaeological series          
cow 1 2.5-4  ± 1600 (2) 1.22 m - metatarsus, metacarpus 
cow 2 #  adult Roman (3) 1.13 m - metatarsus 
cow 3 # adult Roman (3) 1.27 m - metatarsus 
cow 4 # adult Roman (3) 1.11 m - metacarpus 
cow 5 #* adult Roman (3) 1.44 m - metacarpus 
#: sex determined by means of measurements (Lauwerier 1989), (1) Collection Koninklijk Belgisch 
Instituut voor Natuurwetenschappen, Brussels (Fabis 1997), (2) Middelstum (The Netherlands), collection 
of Groningen Institute for Archaeology, (3) Druten (The Netherlands), collection Museum het Valkhof 
(Lauwerier 1988), * Bos primigenius. 
 
The second series, developed by the author, consisted of six metapodia from archaeological sites. 
This series was part of a larger reference series of long bones of horses and cattle (Cuijpers 2006). 
The five animals, whose metapodia where included in the second series, were all cows. One of the 
cows (Middelstum), of which a metacarpus and metatarsus was included, was biologically determined 
since it was found with a calf inside. The other four metapodia, from a Roman context, had been 
metrically determined as belonging to cows (Lauwerier 1988). To facilitate the embedding and cut-
ting of the thin sections in this archaeological series, all transversal sections were divided into two or 
four parts. In some cases the degradation of the bone caused some unintentional breakage. To enable 
cutting with a microtome, a Leitz 1600 diamond saw microtome, the bone parts were strengthened by 
embedding in an epoxy resin, Biodur E12 (Herrmann et al. 1990). The actual study of all of the thin 
sections was conducted under a light microscope with differential interference contrast (Nomarski) 
and polarised light. The measurements of the thickness of the primary bone growth layers were 
conducted with the help of a scale bar inside the right eye piece of the microscope.  
The histological bone structure was described according to the system devised by de Ricqlès 
(Francillon-Vieillot et al. 1990). This open system categorises the compact bone structure into differ-
rent levels. A first division is made into primary and secondary bone. 
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Table 16  Classification system of the primary bone structure types used 
in this study (adapted from the system of de Ricqlès (Francillon-Vieillot 
et al. 1990). 
1a: lamellar non-vascular 
1b: lamellar simple (primary) vascular canals 
 1b1: longitudinal 
 1b2: circular 
 1b3: reticular 
 1b4: radial 
1c: lamellar with primary osteons 
 1c1: longitudinal primary osteons  
 1c2: longitudinal primary osteons with radial canals 
 1c3: longitudinal primary osteons with reticular canals 
 1c4: longitudinal primary osteons and radial simple vascular canals 
 1c5: longitudinal primary osteons in circular rows 
1d: fibrous non-vascular bone 
1e: fibrous bone with simple (primary)vascular canals 
 1e1: longitudinal 
 1e2: circular 
 1e3: reticular 
 1e4: radial 
1f: fibrous bone with primary osteons (fibro-lamellar complex) 
 1f1: laminar   
 1f1/1a-c: pseudo-laminar 
1f2: plexiform  
 1f3: reticular 
 f4: radial  
1f5: laminar/ plexiform with longitudinal primary osteons: 
       1f5a: in circular rows  
       1f5b: in a band 
 1f6: radial with longitudinal primary osteons in radial rows 
 1f7: longitudinal primary osteons 
 1f8: longitudinal primary osteons in circular rows 

 
Primary bone structure is subsequently divided into fibrous and lamellar bone. Within these two basic 
primary bone types various kinds of vascularisation can occur that form distinctive subtypes. The 
categories of primary bone must be seen as a continuum and they are not sharply contrasted (de 
Ricqlès 1983). Table 16 shows the classification system of the primary bone types used in this 
research, adapted from de Ricqlès’ system (Francillon-Vieillot et al. 1990).  
 
Table 17  Primary bone types in the metapodia studied. 
individual/sex 
  

bone element (part) 
  

fibrous bone types 
  

lamellar bone types 
in growth layers 

modern series       
bull  metatarsus 1f2;1f4;1f6 - 
  metacarpus 1f2;1f4;1f6 1a 
oxen 1 metatarsus 1f2;1f3;1f4;1f6 1a;1b4;1c1;1c5 
  metacarpus 1f2;1f3;1f4;1f6 1a;1b4;1c5 
oxen 2 metatarsus 1f1;1f1/1a-c;1f2;1f4 1a;1b4;1c5 
  metacarpus 1f1;1f1/1a-c;1f2;1f3;1f4 1a;1b4;1c5 
oxen 3 metatarsus 1f1;1f2;1f4 1a;1b4;1c1;1c5 
  metacarpus 1f1;1f2;1f4;1f5;1f6 1a;1b4;1c5 
archaeological series     
cow 1 metatarsus 1f2;1f3;1f4 1a 
  metacarpus 1f2;1f3;1f4;1e3 1a 
cow 2 # metatarsus 1f3;1f4 1a 
cow 3 # metatarsus 1f1;1f2;1f3;1f4;1f5a 1a;1c5 
cow 4 # metacarpus 1f1;1f2;1f3;1f4 1a 
cow 5 # metacarpus 1f2;1f3;1f4;1f5a 1a 
#: sex determined by means of measurements (Lauwerier 1988). 
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5.3 Results 
 
The basic primary bone structures in the cattle metapodia were of the fibro-lamellar type (1f); see 
Table 17. Primary lamellar bone (1a), non-vascular or with primary osteons, either longitudinal or in 
rows was only seen in growth layers. These are distinctive layers between fibro-lamellar bone types 
indicating a slowing down of growth (Castanet et al. 1993). No differences in the primary bone types 
were found to distinguish oxen from other cattle. 
 

  
 
Figure 21  Left: Primary lamellar bone layer at the periost in the lateral-dorsal part of the metacarpus of oxen 3; 
arrow indicates the beginning of the growth layer which ends at the periost (4x). Right: Detail of the primary 
lamellar bone layer at the periost in the lateral-dorsal part of metacarpus of oxen 3 (10x). 
 
The thin sections from the oxen did, however, show a thick growth layer of primary lamellar bone at 
the periost (Fig. 21). Below this layer fibro-lamellar complex bone occurred and above it the external 
fundamental system and/or the periost edge could be seen. These growth layers consisted mainly of 
lamellar non-vascular bone structure, although simple radial canals, primary osteons and primary 
osteons in rows also occurred within the lamellar bone. The thickness of the growth layer varied 
within a single bone. Some areas could not be evaluated because of the presence of secondary osteons 
or the absence of a part of the periost. The maximum thickness was measured for each bone to allow 
comparison (Table 18). It varied between 1150 and 3000 �m. The bull from the modern series did not 
show such a growth layer at the periost. Although its bone was still forming, the bone structure type 
seen at the periost was clearly fibro-lamellar, with a complex structure, plexiform and radial (Fig. 22).  
In the archaeological series the growth layer at the periost was generally thin, at about 115 �m (Fig. 
23), or entirely absent. In one of the bones a thicker layer of primary lamellar bone structure at the 
periost could be seen. This metatarsus of an adult animal determined as a cow by means of 
measurements (Lauwerier 1988) showed a layer of 850 �m (Fig. 24).  
All these measurements are absolute. The modern cattle, however, are bigger than the archaeological 
ones. The cross sections of modern cattle are expected to have a bigger diameter than those from 
earlier periods. Therefore also the relative thickness was determined by measuring the thickness of 
the bone cortex (between periost and endost) at the point of maximum thickness of the histological 
primary bone layer (Table 18). 
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Table 18a  Maximum thickness of the growth layer at the periost in relation to the thickness of the 
cortex in the modern series (with the maxima for the entire thin section in bold). 
individual 
  

bone element 
  

bone part 
  

± max. thickness 
per bone part (�m) 

± thickness 
cortex (mm) 

percentage growth 
layer of the cortex 

bull  metatarsus - 0 - - 
  metacarpus - 0 - - 
oxen 1 metatarsus   1150 15.0 7.6 
    medial-plantar 1100 9.0 12.2 
    medial-dorsal 1150 15.0 7.6 
    lateral-dorsal 750 15.0 5.0 
    lateral-plantar 500 13.5 3.7 
  metacarpus   1500 12.0 12.5 
    medial-palmar 1500 12.0 12.5 
    medial-dorsal 1440 10.0 14.4 
    lateral-dorsal 1150 10.0 11.5 
    lateral-palmar 750 8.0 9.4 
oxen 2 metatarsus   1300 11.0 11.8 
    medial-plantar 0 - - 
    medial-dorsal 1150 11.0 10.5 
    lateral-dorsal 1300 11.0 11.8 
    lateral-plantar 1150 12.5 9.2 
  metacarpus   2700 9.0 30.0 
    medial-palmar ntd - - 
    medial-dorsal 1150 8.5 13.5 
    lateral-dorsal 2700 9.0 30.0 
    lateral-palmar ntd - - 
oxen 3 metatarsus   1500 11.0 13.6 
    medial-plantar 575 9.0 6.4 
    medial-dorsal - - - 
    lateral-dorsal 1500 11.0 13.6 
    lateral-plantar 900 11.0 8.2 
  metacarpus   3000 10.5 28.6 
    medial-palmar 3000 7.0 42.9 
    medial-dorsal 3000 10.5 28.6 
    lateral-dorsal 1150 8.0 14.4 
    lateral-palmar 1000 10 10 
 
Table 18b  Maximum thickness of the growth layer at the periost in relation to the thickness of the 
cortex in the archaeological series (with the maxima for the entire thin section in bold). 
individual 
  

bone 
element  

bone part 
  

± max. thickness 
per bone part (�m) 

± thickness 
cortex (mm) 

percentage growth 
layer of cortex 

cow 1 metatarsus   115 7.0 1.6 
    dorsal 0 - - 
    plantar 115  7.0 1.6 
  metacarpus   115 6.0 1.9 
    dorsal 0 - - 
    palmar 115  6.0 1.9 
cow 2 # metatarsus   115 7.0 1.6 
    dorsal ntd - - 
    plantar 115 7.0 1.6 
cow 3 # metatarsus   850 9.0 9.4 
    medial-dorsal 170 6.0 2.8 
    lateral-dorsal 850 9.0 9.4 
    dorsal-mediane 500 6.0 8.3 
    plantar 370 7.0 5.3 
cow 4 # metacarpus   115 6.5 1.8 
    lateral  ntd - - 
    medial1 80 6.0 1.3 
    medial2 50 6.5 0.8 
    medial3 115 6.5 1.8 
cow 5 # metacarpus - 0 - - 
    medial 0 - - 
    lateral ntd - - 
#: sex determined by means of measurements (Lauwerier 1989). 
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Figure 22  Fibrolamellar bone struc-
ture at the periost in the metacarpus 
of the bull (4x). 

 
In oxen the percentage growth layer relative to the thickness of the cortex at that point varied between 
7.6 and 30.0 percent. In the archaeological series most animals displayed a low percentage, varying 
between 1.6 and 1.9, or the layer was absent. Only the metatarsus of cow number 3 showed a high 
percentage, at 9.4. 
 

 
 
Figure 23  Primary lamellar bone layer at the periost 
in the metacarpus of the cow from Middelstum (cow 
1); arrows indicate layer (10x). 

 
 
Figure 24  Primary lamellar bone layer at the periost 
in the metatarsus of one of the cows from Druten (cow 
3); arrows indicate layer (10x). 

 
 
5.4 Discussion 
 
In this study the metapodial primary bone microstructure of modern oxen was compared to that of a 
modern bull and five archaeological cows. The aim was to find out whether the primary bone 
structure in oxen metapodia differed from other cattle metapodia and if this could be related to a 
difference in bone growth rate caused by castration. 
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Although the general types of primary bone structure types did not differ between the cows, bull and 
oxen, the presence of a thick layer of primary lamellar bone at the periost in the three modern oxen 
was unusual. This layer varied in maximum thickness between 1150 and 3000 �m. The percentage 
lamellar bone relative to the thickness of the cortex at that point varied between 7.6 and 30. Growth 
layers indicating a change in growth rate are common in bone microstructure (Castanet et al. 1993). 
They were often observed in long bone sections of cattle and horses, from both modern and archaeo-
logical contexts, containing primary lamellar bone types (Cuijpers 2006, Cuijpers & Lauwerier 2008). 
The thick growth layers found at the periost in oxen, however, are unusual. The growth layers in oxen 
contain coarsely layered lamellae, with a distance of 15 to 23 �m between the individual lines. In the 
cows from the archaeological series the distance between the lines is ± 7 �m, resulting in finely 
layered lamellar structure. The reason for this difference in lamellar structure is not clear. It could be 
caused by difference in size between the modern oxen and the Roman-Medieval cows. But a different 
cause for the formation of the growth layer could also explain a difference in lamellar structure. It can 
account partially for the unusual thickness of the layers in the oxen, since the same amount of 
lamellae leads to a thicker layer if the lamellae are further apart. But there is still a big difference in 
thickness and relative thickness of the growth layers left between oxen and other metapodia. 
Castration can lead to a delay in epiphyseal fusion. This results in a prolongation of the longitudinal 
growth time. A study by Brännäng (1971) on monozygous male cattle twins showed that the meta- 
carpus is longer in oxen than in bulls. Measurements of cattle metapodia showed that the breadth 
measurements of oxen are close to those of bulls (Benecke 1988). Oxen metapodia are generally 
slender, as they are longer but not thicker than the metapodia of bulls (Albarella 1997). It can thus be 
deduced that the radial growth is also delayed. Because growth rate influences the primary bone types 
(de Ricqlès 1980), a decrease in radial growth rate could in principle lead to slow-growing primary 
bone, the lamellar bone types, instead of the fast-growing and – in cattle diaphyseal bones – more 
common fibro-lamellar bone structure types. In the thin sections from oxen thick growth layers of 
slow-growing, primary lamellar bone are indeed found at the periost. Although the layers differ in 
thickness throughout the circumference, they can be found in all four parts of the transversal cross 
section.  
It is proposed that growth layers at the periost containing primary lamellar bone types constituting a 
high percentage of the radial cross section at that point may be an indication of castration in cattle 
metapodia and thus indicative of the presence of draught cattle. All of the metapodia studied whose 
sex was known – three oxen, one bull and one cow – confirm this hypothesis. The modern bull 
showed no growth layer at all. Nor did the biologically determined young cow from Middelstum have 
a substantial area of lamellar bone, having only a thin layer measuring 115 �m (1.6%). In addition, 
three of the metrically sex-determined metapodia from the archaeological series showed only thin 
layers, or even no layer at all.  
Furthermore, none of the diaphyseal bones of modern and archaeological horses and cattle of 
different sexes and ages previously studied showed such an extensive growth layer of primary 
lamellar bone at the periost (Cuijpers 2006, Cuijpers & Lauwerier 2008). Only one of the metrically 
sexed metapodia in this study showed a growth layer whose thickness fell in the minimum thickness 
range of the oxen metapodia. The percentage also lay in the minimum range observed in the oxen. 
This bone may have been wrongly determined as a female, since measurements do overlap between 
the sexes, especially when dealing with metatarsals that display less sexual dimorphism than meta-
carpals (Thomas 1988). Also the shape and size of metapodial bone can vary because of different 
cattle types (“breeds”), regional or temporal (Albarella 1997).  
In archaeological samples age of the animal and age of castration are often unknown factors. But 
Brännäng (1971) found that although the age of castration did influence the effect of castration on the 
size of the metatarsus and metacarpus, its influence was not extensive. Irrespective of the age at time 
of castration, 1 month old, 6 months old and 12 months old, the effect on the longitudinal growth of 
the metatarsus and metacarpus was always positive. Late castration will probably cause less change in 
growth rate, resulting in a thinner growth layer, but already in Roman times the positive effect of an 
early castration was documented (Columella 1997: VI, 26).  
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Growth layers are a result of a difference in growth rate in the formation of primary bone. They are 
laid down within primary bone, as part of primary bone growth which ends in long bones with the 
epiphyseal fusion. Only primary fibrous non-vascular (woven) bone is occasionally laid down in 
adults as part of fracture repair. A different adult age of the individual is therefore of no consequence 
on the formation of the growth layer only on their presence. This is also the case with secondary re-
modelling. Primary bone, including the growth layers, is replaced by (secondary) Haversian systems, 
an age and mechanical strain dependent process. This could be observed in some parts of the thin 
sections of the oxen where secondary bone was present at the periost and no primary bone could be 
discerned. But the 19-year-old animal still showed a primary growth layer at the periost. These 
findings broaden the applicability of histology to archaeological bone where age at castration and the 
age of the animal are unknown factors. 
Because only a small series was studied, containing four archaeological bones whose sex was deter-
mined metrically, other possible factors resulting in a thick lamellar layer, such as food shortage 
during growth, or disease, cannot be excluded. Also the cause of the difference in lamellae distances 
in the two series and the effects of late castration need to be addressed. Therefore, more investigations 
of cattle metapodia of known sex and known age of castration are needed to confirm this proposed 
difference in primary bone structure in oxen and the usability of histology as a means to establish the 
presence of oxen in an archaeozoological sample and evidence for the use of cattle as draught ani-
mals.  
 
 
5.5 Conclusion 
 
In this preliminary study, two histological reference series – a modern and an archaeological one – 
were studied to explore the primary bone structure in cattle metapodia. While no difference was 
found in the prevailing bone types or combination of types, the modern oxen showed an extensive 
growth layer of primary lamellar bone types at the periost. No such layer was observed in the modern 
bull. A cow showed only a thin layer. Most of the metrically sexed metapodia in the archaeological 
series also did not show such an extensive layer of slow-growing bone tissue, or even had no such 
layer at all. There was, however, one exception in the form of a metrically sexed archaeological cow 
whose metatarsus showed a relative thickness that fell within the lower range of the oxen growth 
layer percentages. In addition none of the long bones of cattle and horses studied previously showed 
such thick growth layers of lamellar primary bone.  
It is proposed that an extensive layer of lamellar bone (extensive relative to the thickness of the cortex 
at that point) is indicative of castration, due to an increased growing period and a subsequently 
decreased radial growth rate. Further study on a larger series of cattle metapodia of known sex and 
age at castration is needed to explore this observed histological difference between the metapodia of 
oxen and those of bulls and cows, making identification of oxen possible in archaeological material 
and, as such, indicating the use of cattle for traction.  
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6 Distinguishing between the bone fragments of medium-sized mammals 
and children. A histological identification method for archaeology1 

 
 
 
 
 
 
 

Abstract - In archaeology, it is not always possible to identify bone fragments. A novel 
approach was chosen to assess the potential of histology as an identification tool. Instead of 
studying a few bones of different categories from many species, this study concentrated on the 
diaphyses of long bones in four species of comparable size which are relevant to 
archaeology; young humans, pigs, sheep and goats, to broaden the insight into variations in 
diaphyseal bone structure within and between these species.  
A general difference in the primary bone structure was found between children older than one 
year and the three medium-sized mammals, namely lamellar vs. fibro-lamellar primary bone. 
Although, the diaphyseal bone structure of children below the age of one year also showed 
(developing) fibro-lamellar bone, its composition is distinctive from the medium-sized 
mammals. A difference in the secondary bone structure was also observed. Connecting 
(Volkmann’s) canals, giving the secondary bone a reticular aspect, were seen in the medium-
sized mammals but not in the young human long bones.  
To confirm the validity and applicability of these observed histological differences, a blind 
test was conducted on 14 diaphyseal fragments of identified long bones from archaeological 
sites. The results were very promising. All the bone fragments were correctly attributed using 
the difference in primary bone structure, even when the bone was severely degraded.  

 
Key words - histology, species differentiation, bone microstructure, children, pigs, sheep, 
goats, archaeological bone fragments, cremated remains 

 
 
6.1 Introduction 
 
In archaeology it is important to reconstruct the relationship between humans and animals. Animals 
were used as food, for traction, for their hides and wool, and given as grave gifts. Also animal bones 
were used as tools. Species identification is a routine procedure in archaeozoology achieved by 
morphological means, by using reference series and atlases, by comparing measurements, establishing 
indices, and so on (e.g. Schmid 1972, Cohen & Serjantson 1996). However, distinguishing between 
human and animal bone fragments is not always feasible. Pigs, sheep and goats are often found as 
grave gifts in Roman cremated remains. Burnt, these bones are difficult to differentiate from the 
human remains, especially from children which are approximately of the same size. Establishing 
whether the bone fragment is from a child or a medium-sized mammal (e.g. pig or sheep) can not only 
give important information about the burial ritual, it also helps in the evaluation of sites for the 
purpose of heritage management. 
Obvious methods for tackling identification problems would seem to be biomolecular ones, like 
DNA-analysis and ELISA (Cattaneo et al. 1994, 1999). But the applicability of these methods is 
severely restricted by the process of burning at high temperatures. Also when dealing with unburnt 
bones, their potential is limited by degradation (Brandt et al. 2002). Admittedly, the histological 
structure in bone can also be heavily influenced by degradation. Soil intrusion, tunnelling by bacteria 
and chemical processes can be a limiting factor in microstructure recognition (Jans et al. 2002).  
Even more so, an earlier study concerning the differentiation between juvenile-adult human bone and 
the large-sized mammal species horses and cattle produced very promising results as regards the 
applicability of histology for investigating archaeological material (Cuijpers 2006). 

                                                 
1 This chapter has been adapted with some minor textural alterations from Cuijpers AFGM, 2009: Anthropolo-

gischer Anzeiger 67, 181-203.  
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Furthermore, histology can also be applied to burnt remains, since even burning at high temperatures 
of up to 800 °C leaves the microstructure intact (Herrmann et al. 1990; Hummel & Schutkowski 
1993). Burnt bone is actually protected against microbial attack because of the loss of collagen due to 
the burning process which changes the composition of the bone (Kars & Kars 2002). 
In addition to its role in archaeology, the use of histology as an identification tool has already been 
investigated in forensic science (Förster & Goldbach 1954, Owsley et al. 1985, Urbanova & Novotny 
2005). In the literature two different ways of conducting histological research can be found. The 
quantitative studies concentrate on measurements of bone structure elements to detect differences 
between species (Harsanyi 1993, Hidaka et al. 1998, Jowsey 1966). This can, however, be difficult 
when dealing with bone fragments, because these methods were not specifically devised for this 
application (Dittmann 2003). Problems also occur when quantitative methods are applied to cremated 
bone because of the variable shrinkage percentage (Wahl 1982). Qualitative studies describe and 
compare the bone structure (Demeter & Matyas 1928, Enlow & Brown 1956; 1957; 1958). These 
general studies included many species, but only a few bones from the same species were investigated. 
However, differences can be found between species, within the skeleton of one animal, within the 
bones of one skeletal category and even within a cross-section (Enlow 1966, Mason et al. 1995, 
Rajtová et al. 1995, Martin et al. 1996). Bone structure can vary due to several factors, e.g. age, 
mechanical strain (secondary bone) and the size of the animal (primary bone). The histological 
structure also shows variations due to cortical stratification in the long bone (Enlow 1963). As such 
general studies do not provide sufficient information for identification purposes in archaeology.  
A descriptive in-depth study of the bone structure in a few relevant archaeological species would 
allow for a better assessment of the suitability of histology as a determination tool (Cuijpers 2006). 
Identification problems in archaeology arise predominantly when dealing with bone fragments, 
especially from the diaphyses. Those bone fragments big enough to be sampled for histology can 
usually be assigned to a skeletal category, but not always to an exact location in the bone, thus 
prohibiting the application of quantitative histological methods not specifically designed for bone 
fragments. An attempt has been made to remove these complications in qualitative histology by 
confining the research to a single bone category – the diaphyseal part of long bones – from a few 
species of the same size. 
In this study the diaphyseal bone structure in children, pigs, sheep and goats was studied. Observed 
differences that set children primary and secondary bone structure apart from the bone structure in 
pigs, sheep and goats and common bone structure types are described. Also the results of a blind test 
are presented. This was conducted to check the validity and applicability of the differences found in 
the reference series on archaeological bone fragments.  
 
 
6.2 Material and methodology 
 
In the reference series both archaeological material and modern bones are included. Complete cross-
sections were sampled from the middle region of the shaft and also different long bones were 
investigated. The human reference series consists of long bones belonging to children of different 
ages and sex (Table 19). Three femora and three humeri of babies who died around birth were inclu-
ded (Cuijpers et al. 1999) as were the six long bones from a baby who died four days after birth 
according to the church books. Also sectioned were six long bones of an 11 months-old child and the 
femur of a 1-year old child. In addition to these very young individuals six long bones from a 4.5 
years old child, four long bones from a 9.5 years old child and the femur belonging to 10 years ± 30 
months old child were investigated. These were all from recorded church burials (Baetsen 2001). 
The medium-sized mammal series consists of different long bones of pigs, sheep and goats (Table 
20). Pigs were represented by several loose long bones from a Dutch medieval site (Valkenburg, De 
Woerd). These long bones were all from non-adults. In addition adult long bones were included of six 
modern pigs around 3.5 years of age. These were 90-100 cm in height and bred for meat production. 
Also the humerus of an adult wild pig from a Dutch Roman site was added to the series. Sheep and 
goat were represented by six long bones of a modern Dutch sheep of approximately two years old and 
six long bones of a modern Syrian goat aged around seven years. Loose long bones from archaeo-
logical context belonging to either an adult sheep or goat were also included.  
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Table 19  Reference series of the young humans and their bone structure types. 
calendar 
age 

biological 
age 

sex bone lamellar 
bone types 

fibrous 
bone types 

compo- 
sition 

scattered 
osteons 

dense 
osteons 

Haversian 
canals 

date 

- ± 0 years F femur (r) 1a;1c1 1d;1f1;1f7 L 2a1a - HC1 650-750 AD1 

- ± 0 years M femur (r) - 1f1 L 2a1a - HC1 450-500 AD1 

- ± 0 years M femur (r) - 1f1;1f7 L 2a1a - HC1 Roman1 

- ± 0 years F humerus (r) - 1f1;1f3;1f7 - 2a1a - HC1 775-850 AD1 

- ± 0 years M humerus (r) 1a 1d;1f7 - 2a1a - HC1 300-350 AD1 

- ± 0 years M humerus (r) 1a;1c1 1f1 L 2a1a - HC1 undated1 

4 days 0-2 months M               19th century2 

      femur (r) - 1f1;1f7 L 2a1a - HC1   
      tibia (r) 1c1 1f1;1f7 L 2a1a - HC1   
      fibula  - 1d;1f7 - - - -   
      humerus (r) 1a 1f7 - 2a1a - HC1   
      radius (r) 1a;1c1 1f7 - - - -   
      ulna (r) - 1f7 - 2a1a - HC1   
11 months 9±3 months M               19th century2 

      femur (r) 1a;1c1 1d;1f7 - 2a1a - HC1   
      tibia (r) 1c1;1c5 1d;1f7 - 2a1a - HC1   
      fibula  1a;1c1 1f7 - - - -   
      humerus (r) 1a;1c1;1c5 1d;1f7 - - - -   
      radius (r) 1a;1c1 1f7 - - - -   
      ulna (l) 1a;1c1 1d;1f7 - - - -   
1 year - - femur  1a;1c1;1c5 - - 2a1a - HC1 19th century2 

4.5 years 4-5 years F               18th century2 

      femur (r) 1a;1c1;1c5 - - 2a1a 2a2a HC1   
      tibia (r) 1a;1c1;1c5 - - 2a1a 2a2a HC1   
      fibula (r) 1a;1c1;1c5 - - 2a1a 2a2a HC1   
      humerus (r) 1a;1c1 - - 2a1a 2a2a HC1   
      radius (r) 1a;1c1 - - 2a1a 2a2a HC1   
      ulna (r) 1a;1c1;1c5 - - 2a1a 2a2a HC1   
9.5 years 9 years ± 

24 months 
F       -       19th century2 

      tibia (l) 1a;1c1 - - 2a1a 2a2a HC1   
      fibula (r) 1a;1c1 - - 2a1a 2a2a HC1   
      radius (l) 1a;1c1 - - 2a1a 2a2a HC1   
      ulna (r) 1a;1c1 - - 2a1a 2a2a HC1   
- 10 years 

30 months 
- femur 1a;1c1;1c5 - - 2a1a 2a2a HC1 18/19th  

century2 

F: female, M: male, - : unknown, r: right, l: left, L: predominance of the lamellar component in a lamina, HC1: longitudinal 
Haversian canals, 1 Collection Groningen Instituut voor Archeologie (The Netherlands), 2 Collection Gemeentelijke Dienst 
Monumentenzorg en Archeologie Alkmaar (The Netherlands). 
 
All the cross sections (approximately 1-2 cm thick) were cut transversally from the diaphyseal part of 
the long bones, near the middle of the bone. To facilitate the embedding and cutting of the sections, 
the cross sections were radially divided into two or four parts. In some cases unintentional additional 
breakage occurred due to the poor preservation of the bones. Because the work was conducted in two 
laboratories, two procedures were used. In the first procedure, the sections were cut with a diamond 
coated saw microtome, a Leitz 1600, after embedding the bones in an epoxy resin, Biodur E12 (von 
Hagens 1985, Herrmann et al. 1990) to strengthen them and make cutting with a microtome possible. 
The resulting sections were between 30 and 80 �m in thickness. In the second procedure the bone 
samples were impregnated with Concresive EP2055 (BASF). After hardening they were cut and the 
surface was grinded with a diamond grinding wheel on a Jacobson 618 grinding machine. The 
mounting was facilitated with a two component epoxy Araldite D and hardener REN HY 956. A 
thickness between 30 and 50 �m was reached by using the grinding machine a second time. The 
actual study of all the sections was conducted under a light microscope with differential interference 
contrast (Nomarski) and polarised light with a magnification ranging from 50 to 125. 
The descriptions of the bone structure were made according to a classification system (Table 21), 
which was adapted from the open system of de Ricqlès (Francillon-Vieillot et al. 1990). It categorises 
the periosteal diaphyseal bone structure into different levels. The first division is into primary and 
secondary bone. Primary bone structure is subsequently divided into lamellar and fibrous bone. 
Within these two basic primary bone types various kinds of vascularisation can occur that form 
subtypes. The categories of primary bone must be seen as a continuum and are not sharply contrasted 
(de Ricqlès 1983: 228). Primary bone can be remodelled, due to age, for example, which gives rise to 
secondary (Haversian) bone. This bone type can also be divided depending on the amount of osteons 
and their organisation.  
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Table 20  Reference series of pigs, sheep and goats and their bone structure types. 
biological 
age 

sex bone lamellar 
bone types 

fibrous 
bone types 

compo- 
sition  

scattered 
osteons 

dense 
osteons 

Haversian 
canals 

date 

pigs                   
< 8 months - femur (l) - 1f1;1f2;1f3; 

1f/1a-c  
F  2a1a - HC1 medieval1 

< 8 months - humerus (l) - 1f2;1f/1a-c F;F=L 2a1a 2a2a HC1 medieval1 
< 2 years - tibia (l) - 1f2;1f3;1f4; 

1f5a 
F 2a1a 2a2a HC1;HC3 medieval1 

< 2 years - metacarpus 
(l) 

1a*;1c5* 1f2;1f/1a-c F 2a1a 2a2a HC1 medieval1 

< 3 years - ulna (r) - 1f2;1f3;1f/1a-c F 2a1a 2a2a HC1;HC3 medieval1 
non-adult - fibula  1a* 1f/1a-c - 2a1a 2a2a HC1;HC3 medieval1 
adult - humerus (l) - 1f2; 1f1/1a-c F;F=L 2a1a 2a2a HC1;HC3 Roman2 

3.5 years - femur (l) - 1f2;1f/1a-c  F 2a1a;2a1b 2a2a HC1;HC3 modern1 

3.5 years - tibia 1a* 1f2;1f7/1a-c F 2a1a - HC1;HC3 modern1 
3.5 years - fibula (l) 1a* 1f/1a-c - 2a1a 2a2a HC1 modern1 
3.5 years - metatarsus 

(l) 
- 1f/1a-c - 2a1a 2a2a HC1 modern1 

3.5 years - humerus (r) - 1f2;1f/1a-c  F 2a1a 2a2a HC1;HC3 modern1 
3.5 years - radius (l) - 1f1;1f2;1f/1a-c F 2a1a;2a1b 2a2a HC1;HC3 modern1 
3.5 years - ulna (l) 1a* 1f2;1f/1a-c  F 2a1a;2a1b 2a2a HC1;HC3 modern1 
3.5 years - metacarpus 

(r) 
- 1f/1a-c - 2a1a 2a2a HC1 modern1 

sheep ± 2 
years 

F 
              

modern (The 
Netherlands)3 

    femur (l) 1a* 1f/1a-c - 2a1a - HC1;HC3   
    tibia (l) 1a*;1c5* 1f2;1f3;1f4; 

1f5a;1f/1a-c 
F 2a1a 2a2a HC1;HC3   

    metatarsus 
(l) 

- 1f4;1f5a;1f/1a-c F 2a1a 2a2a HC1;HC3   

    humerus (l) - 1f2;1f/1a-c F=L 2a1a - HC1;HC3   
    radius (l) 1a*;1c5* 1f1;1f2;1f5a; 

1f/1a-c 
F 2a1a 2a2a HC1;HC3   

    metacarpus 
(l) 

1a*;1c5* 1f2;1f4;1f/1a-c F 2a1a 2a2a HC1;HC3   

goat ± 7 
years 

F 
              

modern 
(Syria)3  

    femur (l) 1a*;1c1*; 
1c5* 

1f/1a-c - 2a1a - HC1;HC3   

    tibia (l) 1a* 1f2;1f3;1f5a; 
1f/1a-c 

F 2a1a 2a2a HC1;HC3   

    humerus (l) 1a*;1c1* 1f/1a-c - 2a1a;2a1b 2a2a HC1;HC3   
    radius (r) 1a* 1f2;1f5a;1f/1a-c F 2a1a 2a2a HC1;HC3   
    metacarpus 

(l) 
1a* 1f1;1f2;1f3; 

1f4;1f5a;1f/1a-c 
F 2a1a 2a2a HC1;HC3   

sheep/ 
goats                   
adult - femur (r) 1c1*;1c3*; 

1c4*;1c5* 
1f/1a-c - 2a1a - HC1;HC3 medieval1 

adult - tibia (r) 1a*;1c1* 1f/1a-c - - - - medieval1 
adult - humerus (l) 1a*;1c1* 1f/1a-c - 2a1a - HC1;HC3 medieval1 
adult - radius (l) 1a*;1c1* 1f2;1f3;1f4; 

1f5a;1f/1a-c 
F 2a1a;2a1b - HC1;HC3 medieval1 

adult - metacarpus 
(l) 

1a*;1c5* 1f2;1f4;1f5a; 
1f6;1f/1a-c 

F 2a1a 2a2a HC1;HC3 medieval1 

F: female, -: unknown, l: left, r: right, *: growth layer, F: predominance of the fibrous component in a lamina; F=L: fibrous 
and lamellar component are equal in thickness within a lamina; HC1: longitudinal Haversian canals, HC3: reticular Haver-
sian canals, 1Collection Cultural Heritage Agency, Amersfoort (The Netherlands), 2Collection Museum het Valkhof, 
Nijmegen (The Netherlands), 3 Collection Groningen Institute for Archaeology, Groningen (The Netherlands). 
 
Special emphasis in the descriptions of the bone structure types was laid on the predominance of 
either of the components constituting the fibro-lamellar complex bone types, laminar, plexiform and 
radial. Within a lamina two components can be found, the lamellar and the fibrous one. 
A complete lamina is described by Francillon-Vieillot et al. (1990: 510), as “the thickness of bone 
centred on one vascular layer, up to the middle of the sheet of fibrous periosteal bone surrounding it 
above and below”. In a previous study it has been shown that this predominance can be used to 
distinguish between the large-sized mammals, horses and cattle (Cuijpers & Lauwerier 2008). In the 
underlying study a possible difference in the predominant component of fibro-lamellar complex bone 
structure between pig, sheep and goat fibro-lamellar complex bone was investigated. 
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Table 21  Classification system of the bone structure types (medium- 
sized mammals); adapted from the system of de Ricqlès (Francillon- 
Vieillot et al. 1990). 
primary (periosteal) bone types 
1a: lamellar non-vascular 
1b: lamellar simple (primary) vascular canals 
 1b1: longitudinal 
 1b2: circular 
 1b3: reticular 
 1b4: radial 
1c: lamellar with primary osteons 
 1c1: longitudinal primary osteons  
 1c2: longitudinal primary osteons with radial canals  
 1c3: longitudinal primary osteons with reticular canals 
 1c4: longitudinal primary osteons and radial simple vascular canals 
 1c5: longitudinal primary osteons in circular rows 
1d: fibrous non-vascular bone 
1e: fibrous bone with simple (primary)vascular canals 
 1e1: longitudinal 
 1e2: circular 
 1e3: reticular 
 1e4: radial 
1f: fibrous bone with primary osteons (fibro-lamellar complex) 
 1f1: laminar   
 1f2: plexiform  
 1f3: reticular 
 1f4 radial 
 1f5: laminar/ plexiform with longitudinal primary osteons: 
  1f5a: in circular rows  
  1f5b: in a band 
 1f6: radial with longitudinal primary osteons in radial rows 
 1f7: longitudinal primary osteons 
 1f8: longitudinal primary osteons in circular rows 
 1f/1a-c: pseudo fibro-lamellar complex  
secondary (periosteal) bone types 

2a1: scattered osteons 
  2a1a: scattered osteons with no organisation 
  2a1b: circular rows of scattered osteons  

2a2: dense osteons 
  2a2a: dense osteons with no organisation 
  2a2b: circular rows of dense osteons  

 
Apart from primary and secondary bone structure types also osteon banding was noted. Osteon 
banding was first described by Mulhern and Ubelaker (2001) as a distinct row of five or more primary 
and/or secondary osteons. This feature was found to occur more often in the femora of sheep and goat 
than in humans. 
Multiple bands were not found in human femora at all. In the classification system used (Table 21) 
alignment of primary and secondary osteons is incorporated in the lamellar bone types (1c5), the 
fibro-lamellar complex bone types (1f5a and 1f8) and in the secondary osteons (2a1b and 2a2b). 
Information about whether bands were single or multiple are not described in this system. Therefore 
this was noted down separately to facilitate a comparison with the results of Mulhern and Ubelaker 
(2001). Laminar/plexiform fibro-lamellar complex bone with primary osteons in a band (1f5) is in-
corporated, because this type was not observed by Mulhern and Ubelaker in their reference series. 
Several studies have mentioned differences in pig and sheep femora. Mori et al. (2005) observed a 
similar laminar bone structure, “a concentric structure in laminar bone”, in calves and sheep, while 
pig showed “a wire-netting bone with laminar units”. The first structure is called laminar bone in the 
classification system used in the underlying study and wire-netting bone with laminar units is 
considered to be plexiform bone. In the study of Martiniakova et al. (2007) pig femora showed a lot 
of resorption canals in contrast to the other species studied and were claimed to be an identifying 
characteristic for pigs in general. Also, according to this study, only sheep femora showed irregular 
Haversian tissue at the periosteal and endosteal borders. All these observations were checked on the 
reference series. 
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In addition to the study of the reference series a blind test was devised to check the applicability and 
validity of the results from this study. Fourteen bone fragments were cut by a third party from the 
diaphyses of identified long bones from young humans, pigs and sheep/goat from archaeological 
sites. For each section the degree of degradation was noted according to the Histological Index (Jans 
2005). This Index describes the degree of microbial degradation in the histological structure, with 0 
denoting the worst case of degradation and 5 a completely unaltered histological structure (Millard 
2001). 
 
 
6.3 Results  
 
The results of the study of the diaphyseal periosteal bone structure types in children, pigs, sheep and 
goats are presented in Tables 18 and 19. These tables show the different subtypes of primary and 
secondary bone. The first columns list the individuals, their age, sex and the long bones studied. In 
the next two columns the observed primary bone structure types are noted. One must bear in mind 
that a continuum of primary bone structure types can often be observed. Some overlap did occur, 
especially in the case of fibro-lamellar complex bone. In those cases both ends of the continuum were 
listed. There are even bone types that showed a combination of the two primary bone types, lamellar 
and fibrous bone, i.e. laminar, plexiform, laminar/plexiform with rows or bands of primary osteons, 
reticular and radial. Because alternating layers of laminar and lamellar bone types, often containing 
reticular simple vascular canals or reticular primary osteons, could be termed pseudo-laminar (de 
Ricqlès 1975, personal communication de Ricqlès 2003), these combinations were grouped together 
as pseudo-fibro-lamellar complex bone. Bone structure types marked with an asterisk constituted 
growth layers. Such layers in the bone indicate a difference in growth rate compared to the rest of the 
bone, not to be confused with lines of arrested growth (Castanet et al. 1993, Herrmann & Daniel-
meyer 1994). Fibro-lamellar complex bone is made up of two components, fibrous and lamellar, 
distributed in a lamina. This is noted in the column composition. If one of the components (either 
lamellar or fibrous) makes up more than 50% of the lamina, that component is noted as the 
predominant one. If the two components were of equal thickness they were both noted down. 
In Tables 19 and 20 also information about secondary bone can be found. The amount of osteons, 
scattered or dense is listed, as is the organisation of the osteons (no organisation or in rows). The 
absence or presence of a large number of connecting, primary canals (Volkmann’s canals), a 
characteristic of secondary bone, was also noted in Tables 19 and 20.  
In Table 19 the characteristics of the diaphyseal bone structure in young humans are shown. The long 
bones of the babies displayed a combination of lamellar and fibrous primary bone types (Table 19). A 
few bones even consisted only of fibrous bone types. Primary osteons in fibrous bone was the most 
common primary bone type (Fig. 25), but also laminar is often seen. In addition woven bone with no 
primary osteons is observed. One humerus displayed a kind of reticular fibro-lamellar complex bone. 
 

 

 
 
 
 
 
 
 
 
 
 
Figure 25  Foetal bone. Longitudi-
nal primary osteons in woven bone 
in the tibia of the 4-days old baby 
(periost is up; F indicates woven 
bone, the arrow indicates a longi-
tudinal primary osteon). 
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Figure 26  Developing laminar 
fibro-lamellar complex bone in the 
femur of a baby displaying a pre-
dominance of the lamellar compo-
nent (F: fibrous component, L: 
lamellar component; periost is up). 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 27  Detail of foetal bone. 
Laminar fibro-lamellar complex 
bone in the femur of the 4 days old 
baby (F: fibrous component, L: 
lamellar component; periost is up). 

 
The laminar fibro-lamellar complex bone structure was clearly in development with lamellar as the 
prominent component (Figs. 26 and 27). Some lamellar primary bone could also be observed, but not 
in all the sections. 
The lamellar bone types seen were lamellar non-vascular and lamellar with longitudinal primary 
osteons. In addition to the primary bone structure a few scattered osteons were present. They all 
displayed longitudinal Haversian canals.  
Approaching one year the amount of lamellar primary bone structure increased. Apart from the two 
previous observed lamellar bone types also lamellar with primary osteons in a row were present in 
some of the sections. The fibrous bone types consisted of woven bone with or without primary 
osteons. Laminar (developing) bone was not observed in the 9 months old child. Secondary osteons 
were regularly present and showed longitudinal Haversian canals.  
From one year onwards the human bones showed only lamellar primary bone types (Fig. 28). With 
increasing age the number of secondary osteons increased and even regions with dense osteons could 
be found. The osteons all displayed longitudinal canals.  
Table 19 shows the characteristics of the diaphyseal bone structure in pig, sheep and goat. The young 
pig bones from a medieval context showed a variety of fibro-lamellar complex bone types, including 
laminar and plexiform. The fibrous component was often predominant (Fig. 29), but could also be of 
the same thickness as the lamellar one in a lamina. Both scattered and dense secondary bone structure 
was noted. The secondary bone structure displayed both a reticular and non-reticular pattern. The 
humerus of the adult wild pig did show the same type of primary bone structure and composition as 
the domesticated young pigs. Also no differences in primary and/or secondary bone structure were 
observed in the long bones of the bigger modern pigs. 
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Figure 28  Lamellar primary bone in 
the humerus of a 4.5 years old child 
(periost is up). 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 29  Plexiform fibro-lamellar 
complex bone in the radius of a pig. 
Fibrous component is predominant 
(F: fibrous component, L: lamellar 
component; periost is up). 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 30  Plexiform fibro-lamel-
lar complex bone in the radius of 
a sheep. Fibrous component is 
predominant (F: fibrous compo-
nent, L: lamellar component; peri-
ost is up). 

 
The bone structure in the 2 year’s old sheep long bones consisted of various fibro-lamellar bone 
types. Both laminar and plexiform (Fig. 30) could be found, sometimes with an alignment of primary 
osteons inside the lamina. Also reticular and radial fibro-lamellar bone was present. Within a lamina 
the fibrous component was the predominant one (Fig. 30) or equal in thickness to the lamellar 
component. Lamellar bone types were only observed in growth layers. 
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The secondary bone structure consisted of scattered and dense osteon structure displaying both a 
longitudinal and a reticular pattern of the Haversian canals.  
The 7 years old goat long bones also consisted of various fibro-lamellar bone types, among them both 
laminar and plexiform. In the lamina the fibrous component was the predominant one. Again lamellar 
bone types were only seen in a growth layer. The secondary bone structure was scattered and dense 
and displayed both the longitudinal and reticular pattern.  
The loose sheep/goat bones from archaeological contexts showed the same picture as the recent sheep 
and goat long bone structure, only a few more types of lamellar primary bone types in the growth 
layer of the femur were seen. Pseudo-fibro-lamellar bone types were common, but also plexiform, 
reticular and radial were present. The fibrous component was predominant. In general the secondary 
bone structure was scattered and only the metacarpus showed a dense osteon structure. The tibia even 
showed no secondary bone at all. Both longitudinal and reticular Haversian canals were observed.  
Table 22 shows the presence or absence of osteon banding according to the definition of Mulhern and 
Ubelaker (2001). Alignment is incorporated in the classification system used in Tables 22 and 23 
(1c5, 1f5a, 2a1b). In addition alignment can be found in one of the pseudo fibro-lamellar complex 
variants (1f5a/1a-c) and in secondary lamellar bone. The bone structure in the long bones of children 
younger than one year only once showed a single row of primary osteons. Both single and multiple 
rows of primary osteons can be found in the older children. The fibula of the 4.5 years old child 
showed a combination of primary and secondary osteons in a row. However, no rows of only second-
dary osteons were observed in children bones. The animal diaphyseal bone structure displayed osteon 
banding more often. Mostly single or multiple rows of primary osteons in primary bone structure 
occurred, but also rows of primary osteons in secondary lamellar bone were observed. Sometimes 
also secondary osteons were aligned in a row. A multiple row of secondary osteons was only seen in 
the radius of the sheep/goat (Fig. 31). 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31  Multiple secondary 
osteon banding in sheep/goat 
radius; arrows indicate the two 
rows; periost is up. 

 
It was possible to identify all the bone fragments as either human or animal in the devised blind test. 
The primary bone structure difference, lamellar vs. fibro-lamellar, was the most useful distinguishing 
feature. The composition of the fibro-lamellar bone types could also be clearly assessed. The 
secondary bone structure characteristic, the number of connecting canals, was less useful. Most 
animal bones in the blind test showed an absence of a reticular pattern, which can be both indicative 
of human and animal bone. Osteon banding of two rows of primary osteons was observed in one of 
the children bones and in the fibro-lamellar bone structure of one of the medium-sized mammals, but 
this is not indicative. Osteon banding of secondary osteons was not found. Most of the bone fragments 
were nicely preserved, showing only some degradation (OHI 4) or none at all (OHI 5) (second 
opinion M. Jans). Only one of the diaphyseal fragments was severely degraded, with a Histological 
Index score of 1 (second opinion M. Jans).  
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Table 22  Osteon banding in human and animal bone tissue. 
individual age bone osteon 

banding 
single or multiple 
row 

primary or secondary 
osteons 

humans 0 years femur - - - 
 0 years femur - - - 
 0 years femur - - - 
 0 years humerus - - - 
 0 years humerus - - - 
 0 years humerus - - - 
 4 days  femur - - - 
   tibia - - - 
   fibula - - - 
   humerus - - - 
   radius - - - 
   ulna - - - 
 11 months femur - - - 
  tibia - - - 
   fibula - - - 
   humerus + single primary 
   radius - - - 
   ulna - - - 
 1 year femur + multiple primary 
 4.5 years  femur + multiple primary 
   tibia + single primary 
   fibula + multiple primary and secondary 
  humerus - -   
  radius - -   
   ulna + single primary 
 9.5 years  tibia - - - 
  fibula - - - 
   radius - - - 
   ulna - - - 
 10 years 

30 months femur + single primary 
pigs < 8 months femur - - - 
 < 8 months humerus - - - 
 < 2 years tibia + multiple primary 
 < 2 years metacarpus + single primary 
 < 3 years ulna - - - 
 non-adult fibula - - - 
 adult humerus - - - 
 3.5 years femur + single secondary 
 3.5 years tibia - - - 
 3.5 years fibula + single primary 
 3.5 years metatarsus + multiple primary 
 3.5 years humerus - - - 
 3.5 years radius + single secondary 
 3.5 years ulna + single secondary 
 3.5 years metacarpus + multiple primary 
sheep ± 2 years femur - - - 
   tibia + single primary 
   metatarsus + single primary 
  humerus - - - 
   radius + multiple primary 
   metacarpus + multiple primary 
goat 7 years  femur + single primary 
   tibia + single primary 
  humerus + single;single primary;secondary 
   radius + multiple  primary  
   metacarpus + single primary 
sheep/goats adult femur + single primary 
 adult tibia - - - 
 adult humerus - - - 
 adult radius + single;multiple primary; secondary 
 adult metacarpus + multiple primary 

+ present, - absent 
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Table 23  Results of the blind test. 
species bone  degradation 

(OHI)1 
histological 
determination 

pig femur 5 animal 
human (5 years old) tibia 5 human 
pig tibia 5 animal 
sheep/goat radius 1 animal 
human (9 years old) femur 5 human 
human (5 years old) femur 5 human 
sheep/goat humerus 5 animal 
human (3 years old) tibia 5 human 
pig humerus 5 animal 
human (9 years old) humerus 5 human 
sheep/goat  femur 5 animal 
pig radius 4 animal 
human (3 years old) femur 5 human 
pig humerus 5 animal 
1 OHI: Oxford Histology Index 
 
 
6.4 Discussion 
 
The present study attempts to assess the variability of the diaphyseal bone structure in children, pigs, 
sheep and goats. This comparison has yielded several results. They must be evaluated in the light of 
the main objective of the project, namely to identify bone fragments from archaeological sites by dif-
ferentiating young human bone structure from the bone structure in the medium-sized mammals and 
in addition to see if  these species can be distinguished from each other.  
The diaphyseal bone structure showed variability. There are differences between the long bones in a 
single skeleton, between parts of the same bone and even between the zones in one part of a bone. 
These observations confirm the difficulties, mentioned by Enlow (1966), associated with the use of 
histology as an identification tool. They also confirm the need to confine the study to one skeletal 
category and level, the diaphyses of long bones, and include several individuals of a species to test the 
usefulness of histological features as an identification characteristic.  
Although there is variability, an overall pattern in the primary bone structure of pigs, sheep and goats, 
consistent with the general studies on medium-sized mammals could be observed (Demeter & Matyas 
1928, Enlow & Brown 1956, 1957, 1958). No sheep/goat bones of different ages were included, but 
the observed similarities with the pigs and with the rule of Amprino (de Ricqlès 1980) does not 
suggest a difference in primary bone structure types (fibro-lamellar complex bone), only an increase 
in secondary osteons due to age. This increase can be observed between the 2 years old sheep and the 
7 years old goat. 
All the medium-sized mammals display fibro-lamellar complex bone as the primary diaphyseal bone 
structure type. Lamellar (primary) bone was only found in growth zones. In children two patterns 
could be observed. Children from one year displayed lamellar bone types as the general primary bone 
structure, in contrast to the medium-sized mammal species. However, children younger than one year 
old show fibro-lamellar bone types, sometimes in combination with lamellar bone. This is in accord-
ance with general studies (Amprino 1947, de Ricqlès 1980) which stated that the tissue structure of 
primary periosteal bone correlates with its rate of deposition. Therefore, a correlation between adult 
animal size and bone structure can be inferred. In addition, research in birds has shown that growth 
rate, rather than activity pattern, determined the primary bone structure (de Margerie 2004). 
Lamellar bone is indicative of slow deposition and fibro-lamellar bone of rapid deposition (Currey 
1984). Because pigs, sheep and goats must grow quickly to reach their adult size in just a few years, 
fast growing primary bone structure types, fibro-lamellar, are common. In humans, a species which 
grows slower, a lamellar bone structure type should be common (de Ricqlès 1980). Fibrous or woven 
bone can, however, be found in bones of rapidly growing children up to about the age of two (Currey 
1984, Martin & Burr 1989).  
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According to the literature plexiform bone can also be found in growing children around the time of 
the major growth spurts (ages 5 years, 9-10 years and 14-16 years) (Martin & Burr 1989). The extent 
of fibro-lamellar bone in these children is, however, not mentioned in the literature. Also in which 
skeletal bones the plexiform structure was observed is not mentioned. In this study fibrous bone types 
were seen only in children younger than one year old. No indications of growth spurts were observed 
in any of the older children. It is possible that consecutive cortical drift has obliterated the traces of 
fibro-lamellar bone. Sickness could also have interfered with an increase in growth rate. More investi-
gations are needed to get information about the possible presence of fibro-lamellar bone in growth 
layers.  
Although the possibility of growth layers consisting of fibrous bone types can not be excluded in 
children and the animal bones showed growth layers containing lamellar primary bone types (Fig. 32), 
differentiating these two groups is definitely possible on the overall primary bone structure types 
and/or composition of the lamina in fibro-lamellar complex bone. In addition, the secondary bone 
structure can help to distinguish between children and medium-sized mammals. A reticular pattern of 
the Haversian canals is often present in animal long bones, but never seen in the young human ones 
(Figs. 33 and 34).  
Osteon banding is also mentioned in the literature as a distinguishing feature between humans and 
animals, especially multiple rows of primary/secondary osteons (Mulhern & Ubelaker 2001). In the 
underlying reference series osteon banding of primary osteons was seen in children and the medium-
sized mammal species, although more often in the latter. Single and multiple bands of primary osteons 
occurred in children, but single and multiple bands of secondary osteons were only observed in the 
medium-sized mammals. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 32  Growth layer of lamellar 
bone in plexiform fibro-lamellar 
complex bone in the tibia of the 7 
years old goat (arrows indicate the 
lamellar layer; periost is up). 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 33  Reticular pattern in the 
secondary bone in the radius of the 
7 years old goat (periost is up; 
arrow indicates a reticular pattern 
of the Haversian canal, with Volk-
mann’s canals branching out). 
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Figure 34  Non-reticular pattern in 
the secondary bone structure of 
the 9.5 years old child (periost is 
up; arrow indicates a Haversian 
canal without Volkmann’s canals 
branching out in a reticular pat-
tern). 

 
Alignment of primary osteons can be observed in lamellar bone at the periost in juvenile and adult 
humans, but organisation of secondary osteons is rarely observed (Cuijpers 2006). Sometimes a few 
osteons can be seen aligned, but not a row of five or more osteons or even multiple rows. Therefore, 
this characteristic can be used as an additional distinguishing feature if the other characteristics men-
tioned above are less clearly visible, e.g. when the primary bone is degraded by microbial activity and 
only the secondary osteons are visible. More research is needed to ascertain the cause of this 
difference in primary and secondary osteon organisation and the rare occurrence of secondary osteon 
alignment in some human bones. Organisation of the secondary osteons in animals may be explained 
by the organisation of the primary fibro-lamellar bone, i.e. plexiform and laminar in which the 
secondary bones are formed. 
Between the three medium-sized mammal species no overall differences in primary and/or secondary 
bone structure types or combination of types could be discerned. Also the composition of the lamina 
showed no distinction between pigs and sheep/goats or sheep and goats. A few features were men-
tioned in the literature for sorting between the medium-sized mammals. Mori et al. (2005) observed 
laminar in sheep and plexiform in pig bones. However, the bones studied in this reference series 
clearly showed that both types of fibro-lamellar bone occurred in both animal species. Martiniakova et 
al. (2007) described two unique secondary bone characteristics for respectively pig and sheep. The 
adult pig femora showed more resorption canals and the sheep femora showed periosteal and endo-
steal areas of scattered osteons. Secondary bone is, however, mostly influenced by age and mecha-
nical strain. Also disease and different metabolism (Jowsey 1968, Schultz 1986) can play a role in the 
amount of resorption canals and Haversian systems. 
In the study of Martiniakova et al. (2007) no ages for the animals are listed. Also only femora were 
investigated. Although a few of the recent pig long bones of the underlying study displayed large 
resorption canals, the amount of remodelling was not distinctive. Other pig long bones did not show 
resorption canals at all. It could be that at a certain age pig bones display more resorption canals than 
sheep, as observed by Martiniakova et al. (2007). This is, however, no useful distinguishing feature 
when dealing with bone fragments which age is unknown. The amount and position of the secondary 
osteons scattered in the periosteal and endosteal area was also mentioned by Martiniakova et al. 
(2007) as a unique characteristic of sheep. The sheep femur of this series did not show this pattern; 
neither did the other long bones. The feature was therefore not deemed useful for identification. 
The results of the blind test clearly show the validity of the observed histological features as a means 
of telling children diaphyseal bone fragments apart from pigs, sheep and goats. Also the method could 
be applied to a severely degradated sample. Experience with the preservation and visibility of histo-
logical structures in cremated remains leads us to expect that the difference in the primary bone struc-
ture will be just as useful as it is in unburnt material (Cuijpers & Schutkowski 1993). Although no 
biological degradation will normally have occurred in cremated remains, disturbances caused by the 
burning can obscure the bone structure. 
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However, it is still possible to assess both primary bone, such as fibro-lamellar complex bone, in burnt 
bone fragments (Cuijpers 2006). These applications make the method very useful in assessing unburnt 
(degradated) and burnt bone fragments in archaeology. 
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