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4 Differentiating between bone fragments from horses and cattle. A 
histological identification method for archaeology1 

 
 
 
 
 
 
 

Abstract - Bone fragments are often difficult to determine in archaeozoology. A new ap-
proach has been adopted to explore the extent to which qualitative histology allows horses 
and cattle to be told apart. Since bone structure can differ even within a single bone, 
restrictions in terms of species, bone category and bone part were deemed necessary for the 
development of a practicable identification method for archaeological bone. To broaden our 
understanding of variations in the diaphyseal bone structure within and between the two 
species, a reference series has been compiled, comprising long bones from several individual 
horse and cattle specimens.  
While no difference in bone structure types or combinations of types could be observed in the 
reference series, the composition of the fibro-lamellar bone structure did reveal a distinction 
between horses and cattle. In some regions of the thin sections both species showed compo-
nents of equal thickness. However, this was always found in combination with a clear domi-
nance of either the lamellar or fibrous component. The fibrous component predominates in 
cattle, and, with one exception, the lamellar component is predominant in horses. The study 
was concluded with two blind tests on archaeological bone fragments to test the applicability 
of the method.  
 
Keywords - histology, species identification, bone microstructure, horse, cattle, archaeology 

 
 
4.1 Introduction 
 
Besides establishing the context of finds, species identification is the first basic archaeozoological 
routine in the process of reconstructing the relationship between humans and animals. Mostly, 
species identification is achieved by morphological means, by using reference series and atlases, by 
comparing measurements, establishing indices, and so on (e.g. Schmid 1972, Cohen & Serjeantson 
1996). This is not always feasible, however, when dealing with worked bone, bone fragments or 
burnt bones from, for example, cremations or Stone Age fireplaces. Nevertheless, we wish to know 
what kinds of animals were used for making artifacts, what animals were chosen as grave gifts in 
human cremations, and what the highly fragmented burnt bones from hearths – in sandy soils often 
the only spot where bone survives – tell us about hunting and consumption of animal food in the past 
(e.g. Iregren 1997, Deschler-Erb 1998, Johansen et al. 2000, Deeben et al. 2006). Because histo-
logical research needs only small fragments of bone, this technique could be of great help in such 
circumstances. As such it might provide a valuable alternative to DNA analysis and the biomolecular 
method ELISA (Cattaneo et al. 1994, 2001). Burning at high temperatures severely restricts the 
application of these methods, and degradation limits their potential (Cattaneo et al. 1994, 2001, 
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). But an earlier study concerning the differentiation 
between human and animal bone produced very promising results as regards the extent of the 
limitations of histology for investigating archaeological material (Cuijpers 2006). Furthermore, 
histology is also applicable 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). 

                                                           
1 This chapter has been adapted with some minor textual alterations from Cuijpers AGFM & RCGM Lauwerier 

2008: Environmental Archaeology 13, 163-74. 



 34 

The subsequent changes in the composition of the bone actually protect burnt bone against microbial 
attack because of the loss of collagen (Kars & Kars 2002: 217).  
Several attempts, both quantitative and qualitative, have been made to use histology as a means of 
telling animal species apart (Foote 1916, Demeter & Mátyás 1928, Amprino & Godina 1947, Enlow 
& Brown 1956, 1957, 1958, Jowsey 1966, 1968, Lasoto-Moskalewska 1979, Harsányi 1993, Desch-
ler-Erb 1998, Mulhern & Ubelaker 2001, Dittmann 2003, Mori et al. 2003, Cuijpers 2006). 
One of the earliest studies was conducted by Demeter and Mátyás (1928). They described the dia-
physeal bone structure of humans and several animal species, including mammals, reptiles and birds. 
Another important qualitative study by Enlow and Brown (1958) investigated the bone structure in 
different bones of various animal species. Although they contribute extensively to our general know-
ledge of bone structure, these studies do not provide the means to identify specific species when 
dealing with bone fragments in archaeology. The quantitative study by Harsányi (1993) examined the 
diameter of the Haversian canal in humans and in several animals. In general the diameter is larger in 
humans and this fact can be used to tell humans and animals apart when sufficient canals can be 
measured in unburnt bone. Mulhern and Ubelaker (2001) looked at osteon organisation in human and 
nonhuman bone. They found a distinctive pattern of alignment of the secondary osteons in sheep and 
pig, which in principle can be used to tell them apart from human bones, even when dealing with 
bone fragments. Cuijpers (2006) found differences in the primary and secondary bone types between 
humans and large mammals. Qualitative research by Deschler-Erb (1998) has tentatively suggested a 
difference in the degree of porosity in horses and cattle, due to an enlargement of the primary 
vascular canals observed only in horses. Research by Mori et al. (2003) has also highlighted a diffe-
rence between horses and cattle, namely the exclusive occurrence of a specific bone structure type in 
foals. Both studies were, however, restricted in terms of the number of individuals and diversity of 
long bones studied. Quantitative histological research by Dittmann (2003) showed differences in the 
secondary bone structure between animal species. However, these were established on a specific part 
of the radius, metacarpus or humerus and are not therefore readily applicable to fragments of un-
identified elements.  
Influenced by many factors, including age, mechanical strain and the size of the animal, bone struc-
ture can differ within a single skeleton, and even within one cross-section (Enlow 1966, Mason et al. 
1995, Martin et al. 1996). The histological structure also differs due to cortical stratification in the 
long bone (Enlow 1963). In view of these facts, a novel approach was chosen to assess the use of 
histology as a tool for species differentiation when dealing with burnt and unburnt bone fragments. It 
was felt that a descriptive in-depth exploration of the bone structure in only two species and on a 
bigger reference series, confined to the diaphysis of long bones – a very common fragmented bone 
part in archaeology – would allow for a better assessment of its suitability for archaeological pur-
poses. This article presents the results of the study on the diaphyseal part of long bones in horses and 
cattle. These are archaeologically relevant mammals of approximately the same size, which unidenti-
fied would be grouped together as ‘large mammals’. The primary goal was to describe the histolo-
gical structure in a number of diaphyses to gain an insight into the bone structure variability within 
horses and cattle and, if possible, to infer characteristics which might allow differentiation between 
them. The reference series was also used to test the differences proposed in the two above-mentioned 
studies on horses and cattle (Deschler-Erb 1998, Mori 2003). The study of the reference series was 
followed by two blind tests and an additional study on a second reference series. These were con-
ducted to verify the applicability and validity of the histological differences between horses and 
cattle found in the diaphyseal bone structure.  
 
 
4.2 Material and method 
 
4.2.1 The classification system 
The descriptions of the bone structure of both the reference series and the test series were produced 
according to the system devised by de Ricqlès. This open system was presented in the general over-
view study by Francillon-Vieillot et al. (1990). It categorises the periosteal bone structure into differ-
rent levels. The first division is into primary and secondary bone. 



 35 

Primary bone structure is subsequently divided into lamellar and fibrous bone. Within these two 
basic types various kinds of vascularisation can occur that form distinctive 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 can also be divided depending on the amount of osteons and their organisation (Table 10). 
 
Table 10  Classification system of the bone structure types; 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   
 1f1/1a-c: pseudo-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 
secondary (periosteal) bone types 
 2a1: scattered osteons 
  2a1a: scattered osteons with no organisation 
  2a1b: circular rows of scattered osteons (osteon banding) 
 2a2: dense osteons 
  2a2a: dense osteons with no organisation 
  2a2b: circular rows of dense osteons  

 
4.2.2 Compiling the reference series 
For the compilation of a reference series of histological samples of horse and cattle bones, individual 
animals were chosen that were expected to display certain variability in their bone structure, given 
the presence of different long bones from the same skeleton and animals of different ages, sexes and 
sizes. Archaeological bone material was the preferred choice since modern animals; cattle in parti-
cular, usually differ greatly in size compared to earlier material. Long bones belonging to the same 
skeleton of at least two individuals, differing in either age or sex, were included. Because complete 
animal skeletons are not very common in the archaeological record, some degradation (loss of bone 
structure) had to be accepted, though it was kept to a minimum. Some isolated long bones were also 
added. Since no attempt was made to link specific variations to influencing factors, e.g. age, sex and 
size, it was possible to include isolated bones for which only some of this information was available.  
In addition to the archaeological material, bones of modern cattle and horses from the reference 
series of the University of Basel (Deschler-Erb 1998) were also included. Table 11 shows the compo-
sition of the reference series for horses and cattle, including the information on age, sex and size. 
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Table 11  Reference series of horse and cattle long bones. 
age bone element / part sex height in m date 
horses     
3 years femur, metatarsus, metacarpus - - modern1 
6-7.5 years femur (l), tibia (l), metatarsus (l),  

humerus (l), radius (l), metacarpus (l) 
M 1.45 Roman2 

6-7.5 years femur (l), tibia (l), humerus (l), radius (l) F 1.40 Roman2 
15 years femur (caudal half) (l), humerus (cranial half) (l),

metatarsus (caudal part) (r) 
M  15th century3 

 
adult metacarpus (cranial and caudal part) - - -5 

cattle     
1.5 years femur (cranial half) - - modern1 
3 years femur (cranial half) - - modern1 
2.5-4 years femur (r), tibia (r), metatarsus (r), 

humerus (l), radius (r), metacarpus (r) 
F 1.22 ± 16004 

3.5-4 years femur (lateral-cranial part) (l) - - -5 
5.4 years femur (cranial half) - - modern1 
± 7 years femur (r), tibia (r), metatarsus (r), 

humerus (l), radius (l), metacarpus (r) 
- 1.20/ 1.21 ± 1250-13006 

 
13 years femur (cranial half) F - modern1 
adult Dr15/7 metatarsus (r) F 1.13  Roman7 
adult Dr42/15 metatarsus (l) F 1.27  Roman7 
adult Dr25/11 metacarpus (r) F 1.11  Roman7 
adult Dr19/4* metacarpus (r) F 1.44  Roman7 
adult radius (cranial part) (l) - - -5 
adult metatarsus (lateral half) (l) - - Roman5 
r: right; l: left; M: male; F: female; *: Bos primigenius; 1Switzerland, University of Basel collection, 2Kesteren 
(The Netherlands), collection Cultural Heritage Agency, 3Harderwijk (The Netherlands), collection Cultural 
Heritage Agency, 4Middelstum (The Netherlands), collection Groningen Instituut voor Archeologie, 5isolated 
bone, Cultural Heritage Agency, 6Groningen (The Netherlands), Stichting Monument en Materiaal collection, 
7Druten (The Netherlands), collection Museum het Valkhof, Nijmegen (The Netherlands). 
 
The diaphyses of the femur, the tibia, the metacarpus, the humerus, the radius and the metatarsus 
were used for the reference series. This region is a common sampling area in histological studies, 
thus making inclusion of and comparison with other studies possible. A practical choice was made to 
study the bone structure only in the middle region of the shaft. The midshaft region was selected 
rather than the exact midpoint because that would restrict applicability with regard to archaeological 
bone fragments. Besides, the midpoint also reflects an arbitrary choice because it does not have to be 
the histological middle of the bone. Depending on differences in proximal and distal rate of 
development and epiphyseal closure (Castanet, pers. comm. 2005), the midpoint might lie more 
towards the upper or lower half of the midshaft region.  
 
4.2.3 Preparing and assessing thin sections  
All the cross sections (approximately 1-2 cm) were cut transversally from the diaphyseal part of the 
long bones, near the middle. To facilitate the embedding and cutting of the thin 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. To enable them to be cut with a microtome – a 
Leitz 1600 – these parts were strengthened by embedding them in an epoxy resin, Biodur E12 (von 
Hagens 1985, Herrmann et al. 1990). The microtome was used to cut thin sections ranging in thick-
ness between approx. 30 and 80 �m. The actual study of the thin sections was conducted under a 
light microscope with differential interference contrast (Nomarski) and polarised light with a magni-
fication ranging from 50 to 125. Initially, the different parts of the cross sections were described 
separately because of possible differences within a cross section. These observations were later 
combined. All types of fibrous primary bone, especially fibro-lamellar complex bone structure sub- 
types, were recorded. The amount of osteon remodelling, the organisation of the osteons and their 
characteristics were also noted (Table 10). 
Since the bone structure can be completely remodelled due to age, for example, a difference in 
primary bone is not always helpful in telling horses and cattle apart. In such cases a distinction in 
secondary bone is needed to differentiate between them.  
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Special attention was paid to laminar/plexiform fibro-lamellar complex bone with primary osteons in 
a row (1f5a) because, in their study on calves and foals, Mori et al. (2003) suggested this was a bone 
structure unique to foals. Rows of longitudinal primary osteons are seen within a lamina (Fig. 12). 
A complete lamina is described in 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”. 
 

 
 

 

 

 
 
 
 
 
 
 
 
Figure 12  Laminar (fibro-lamellar 
complex) bone with longitudinal pri-
mary osteons in a row in horses (above) 
and cattle (below); black arrows indi-
cate the lamina and white arrow indi-
cates the row of longitudinal primary 
osteons within a lamina; the periost is 
up. 

 
Another variation of laminar/plexiform bone – longitudinal primary osteons in a band (1f5b) – was 
set apart from the above-mentioned subtype with rows of longitudinal primary osteons so that the 
exact characteristic identified by Mori et al. (2003) could be described in this reference series.  
An enlargement of the vascular canals was also noted for each thin section to test its validity as an 
identification tool, because the study by Deschler-Erb (1998) mentions “porosity” in thin sections of 
horse bone. This “porosity” does not refer to the number of resorption canals present, which is a 
remodelling feature, but to the size of the simple vascular canals, for example, or the circular primary 
osteons in fibro-lamellar complex bone (Fig. 13). Although in itself a primary feature that connects 
secondary osteons, enlargement of the Volkmann's canal was not regarded as porosity.  
The final characteristic of primary bone noted was the composition of fibro-lamellar bone. In the 
initial viewing of the thin sections an optical difference was seen in the dark/light distribution of the 
fibro-lamellar complex, which was particularly clear in the subtypes laminar, plexiform and radial 
bone. This was attributed to a difference of composition within fibro-lamellar bone (pers. comm. de 
Ricqlès 2003), which is made up of a fibrous and a lamellar component. 
A note was made of whether the lamellar or the fibrous component was dominant or whether they 
were of equal thickness. 
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4.2.4 Testing validity and applicability 
The validity and applicability of the differences found between horses and cattle were tested in 
several ways. Firstly, two blind tests were conducted. The first blind test involved ten diaphyseal 
fragments of horses and cattle, and the second one involved fifteen. The bone fragments were cut by 
a third party from the diaphyses of identified horse and cattle long bones from archaeological sites.  
 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 13  Porosity in horses (above) 
and cattle (below); arrows indicate en-
larged primary vascular canals; the 
periost is up. 

 
They were prepared and analysed as described above. The degree of degradation in all thin sections 
was determined according to the Oxford Histology Index (OHI) (Jans 2005; second opinion Jans). 
This index describes the degree of degradation due to micro-organisms, with HI0 depicting the worst 
degradation and HI5 signalling a very well preserved bone structure. 
Secondly, another reference series of metapodia was studied to further investigate the differences 
found. Finally, three burnt diaphyseal bone fragments, attributed to “large mammals” were analysed 
to see if burning affected applicability. The results with regard to applicability and validity will be 
presented in the discussion.  
 
 
4.3 Results 
 
The results of the study on the diaphyseal bone structure in horses and cattle from the first reference 
series are presented in Table 12. Since previous research (Cuijpers 2006) has shown that the primary 
bone structure in these two large mammals predominantly consists of fibrous bone types, attention 
was focused in this study on the fibro-lamellar bone subtypes to find possible distinctions between 
horses and cattle. Lamellar primary bone types were present only in growth layers, areas that show a 
different rate of growth. 
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This is a common occurrence in the skeleton of vertebrates (Castanet et al. 1993). In horses and cattle 
these layers are set apart from the fibro-lamellar primary bone types and contain lamellar bone types 
(Fig. 14). The lamellar bone was generally nonvascular (1a), although primary osteons (1c1) or 
primary osteons in a row (1c5) also occurred. The most prominent primary bone structure was, 
however, of the fibrous type (1d-f). 
A variety of subtypes, especially the fibro-lamellar subtypes, were observed within a single bone. 
Laminar (1f1) and plexiform (1f2) were the most common subtypes in both horses and cattle. 
In some of the bones, e.g. in the 15-year-old horse, a peculiar variation was observed, in the form of 
a combination of the two primary bone types, lamellar and fibrous bone. Lamellar bone structure 
with reticular simple vascular canals or with primary osteons in a row alternated with laminar-like 
bone structure (Fig. 15). 
 
Table 12  Characteristics of the primary fibrous bone structure in horses and cattle (for bone types: see 
Table 11). 

individual bone element / bone part fibrous bone types porosity F/L component 
horses         
3 years old femur 1f1;1f2;1f3;1f4;1f6;1f8;1e3 + l 
 metatarsus 1f2;1f4;1f5a;1f6;1e4 + l 
 metacarpus 1f3;1f4;1f5a;1f6;1f8;1e3;1e4 + ntd 
6-7.5 years old male femur 1f1;1f2 + l 
 tibia 1f1;1f2 + l; f=l 
 metatarsus 1f1;1f2 + l 
 humerus 1f1;1f2;1f3 + l 
 radius 1f1;1f2 + l 
 metacarpus 1f1;1f2;1f4;1f5a;1e4 + l; f=l 
6-7.5 years old 
female femur 1f1;1f2 + l 
 tibia 1f1;1f2; 1f5a + l 
 humerus 1f1;1f2;1f5a;1f5b + l 
 radius 1f1; 1f5a;1f1/1a-c + l 
15 years old male femur (caudal half) 1f1/1a-c - ntd 
 metatarsus (caudal part) 1f1;1f5a - l 
 humerus (cranial half) 1f1/1a-c - ntd 
adult metacarpus (cranial and 1f1;1f2;1f4;1f7;1e4   
 caudal part)  - ntd 
cattle         
1.5 years old femur (cranial half) 1f2;1f3;1e3 - f=l 
3 years old  femur (cranial half) 1f1;1f2;1e3 - f 
2.5-4 years old femur 1f1;1f2;1f3;1f4;1f6;1e3 - f; f=l 
 tibia 1f2;1f3;1f4;1f5b - f; f=l 
 metatarsus 1f2;1f3;1f4 - f 
 humerus 1f1;1f2;1f3;1f1/1a-c;1e3 - f; f=l 
 radius 1f2;1f3;1f5a;1f1/1a-c;1e3 - f 
 metacarpus 1f2;1f3;1f4;1e3 - f 

3.5-4 years old 
femur (lateral-cranial 
part) 1f2;1f3 - f; f=l 

5.4 years old femur (cranial half) 1f2;1f3;1e3 - f; f=l 
± 7 years old femur 1f1;1f2;1f1/1a-c - f; f=l 
 tibia 1f1;1f2;1f3;1f1/1a-c - f; f=l 
 metatarsus 1f1;1f2;1f3;1f4;1f1/1a-c;1e4 + f 
 humerus 1f2;1f1/1a-c - f; f=l 
 radius 1f2;1f3;1f5a;1f1/1a-c - f 
 metacarpus 1f2;1f4;1f5a;1e4 + f 
13 years old femur (cranial half) 1f1;1f1/1a-c;1e3 - f=l 
adult Dr 15/7 metatarsus 1f3;1f4 - f 
adult Dr 42/15 metatarsus 1f1;1f2;1f3;1f4;1f5a - f 
adult Dr 25/11 metacarpus 1f1;1f2;1f3;1f4 - f; f=l 
adult Dr 19/4  metacarpus 1f2;1f3;1f4;1f5a - f 
adult radius (cranial part) 1f2;1f5a - f 
adult metatarsus (lateral half) 1f2;1f3 - f; f=l 

+: porosity present; -: porosity absent; f: fibrous component thicker than lamellar component; l: lamellar component 
thicker than fibrous component; f=l: fibrous and lamellar component of the fibro-lamellar complex bone of equal 
thickness). 
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This could be termed pseudo-laminar (second opinion de Ricqlès 2003) (de Ricqlès 1975: 107). In 
the classification system used (Table 10) this bone type was considered a fibro-lamellar subtype 
(1f1/1a-c).  
Since no difference in fibrous bone types or combination of subtypes could be ascertained between 
horses and cattle (Table 12), special emphasis was placed on the presence or absence of laminar or 
plexiform bone with longitudinal primary osteons in a row (1f5a), as described by Mori et al. (2003). 
This subtype of the fibro-lamellar complex was observed in several of the horses (see Fig. 12 above), 
but was also positively identified in cattle (Fig. 12 below). 
 

 

 
 
 
 
 
 
 
 
 
 
Figure 14 Plexiform (fibro-lamellar 
complex) bone structure with a growth 
layer in cattle (see arrows); the periost 
is up; L: lamellar bone structure in 
growth layer; Flc: plexiform (fibro-
lamellar complex) bone structure. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15  Pseudo-laminar (fibro-la-
mellar complex) bone structure in the 
15-year-old horse; the periost is up. 

 
The other difference found in the literature, “porosity” in horses (Deschler-Erb 1998), was also 
studied (Fig. 13). Although it was more common in horses, it did occur in the seven-year-old cattle.  
It was, however, possible to ascertain a consistent distinction between horses and cattle in the 
composition of the fibro-lamellar complex subtypes (Table 11). This composition was very clearly 
observed in the laminar, plexiform and radial subtypes. Fibro-lamellar bone is made up of two 
components: lamellar and fibrous. In horses the lamellar component was more prominent (Fig. 16). 
In cattle, on the other hand, the fibrous component layer was thicker than the lamellar (Fig. 17). In 
the thin sections of both species areas of fibro-lamellar bone with the components displaying the 
same thickness also occurred (Fig. 18), but always in combination with areas in which there was a 
predominance of one of the components, depending on the species. 
Primary bone was present in almost all of the thin sections. Only a few displayed completely re-
modelled bone. The secondary bone structure showed little variation. Both horses and cattle showed 
varying degrees of reticular Haversian canals, osteons connected by many Volkmann’s canals. 
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Figure 16  Predominance of lamellar 
component in laminar (fibro-lamellar 
complex) bone structure in horses; 
the periost is up. F: fibrous compo-
nent; L: lamellar component. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 17  Predominance of the fi-
brous component in plexiform (fibro-
lamellar complex) bone structure in 
cattle; the periost is up; F: fibrous 
component; L: lamellar component. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 18  Laminar (fibro-lamellar 
complex) bone structure in cattle 
with the two components of equal 
thickness; the periost is up; F: fibrous 
component; L: lamellar component. 

 
Only one bone, the metacarpus of the 15-year old horse, showed a difference in the secondary bone 
structure, namely radial rows of osteons. No general difference in secondary bone could, however, be 
ascertained between horses and cattle.  
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4.4 Discussion 
 
4.4.1 Differences between horses and cattle 
The present study attempted to assess the variability of the diaphyseal bone structure in horses and 
cattle. The results of the comparison between these animals must be evaluated in the light of the main 
objective, which is to tell horse and cattle bone fragments apart in archaeology.  
Although a lot of variation was found in the primary diaphyseal bone structure of the two large 
mammals investigated, all of the bones displayed a fibrous, mostly fibro-lamellar complex bone type 
with lamellar bone structure only in growth layers. These findings are consistent with earlier studies 
(Demeter & Mátyás 1928, Enlow & Brown 1958). 
Bone structure type is influenced by the rate of growth in an animal (de Ricqlès 1980). Both horses 
and cattle grow relatively fast compared to humans, for example, since they have to be fully grown 
within three to four years. This explains the overall presence of fibro-lamellar bone, a fast-growing 
bone structure type, and the absence, except in growth layers, of primary lamellar bone structure, 
which is a slow-growing type. This consistency of fibro-lamellar bone types in horses and cattle 
allows them to be differentiated from juvenile and adult human bone (Cuijpers 2006). 
The study by Mori et al. (2003) claimed a primary bone structure (the fibro-lamellar complex sub-
type 1f5a) uniquely for foals. Primary bone structure generally remains the same throughout life, and 
is replaced only by secondary bone structure. The unique bone structure type described in foals 
could, if not remodelled, be present in older horses. It should not, however, be found in cattle, ir-
respective of the age of the animals. Its presence in six cattle bones from different animals therefore 
ruled it out as a distinctive feature of horses.  
A difference in degree of porosity, an enlargement of primary canals, suggested by Deschler-Erb 
(1998) was also investigated. Although porosity occurred more often in the long bones of horses, it 
did occur in cattle. Its occurrence was, however, restricted to one animal, a seven–year-old, making it 
unclear whether it can be used as a distinguishing feature for horses.  
A clear difference was, however, observed in the composition of fibro-lamellar complex subtypes. 
The distribution of the fibrous and lamellar components within a lamina differed in general, with the 
greater fibrous component in cattle and the greater lamellar component in horses. This difference in 
composition was most clearly seen in the laminar (1f1), plexiform (1f2) and radial (1f4) subtypes of 
fibro-lamellar bone. In laminar/plexiform bone structure with longitudinal primary osteons in a row 
or band (1f5) and radial bone structure with longitudinal primary osteons in radial rows (1f6), it is 
less easy to discern and should be used with caution. Figure 12 shows laminar fibro-lamellar com-
plex bone structure (1f1) in the upper half of the picture. The composition can easily be discerned. 
But below this subtype the bone structure changes into laminar with longitudinal primary osteons in a 
row (1f5a). Longitudinal primary osteons are seen within the lamina. This enlarges the lamellar com-
ponent and can cause difficulties in discerning the composition. The other fibro-lamellar subtypes, 
especially pseudo-laminar bone structure (1f1/1a-c), did not display the components clearly enough 
for the composition to be ascertained. While it was possible to observe a clear difference in the 
primary bone structure, no consistent difference was found in the secondary bone structure. 
 
4.4.2 Blind tests 
Two blind tests were conducted to see if this difference in the composition of fibro-lamellar bone 
(laminar, plexiform and radial) can be applied to archaeological bone fragments and what the possi-
bilities are with regard to degradation. In the first blind test consisting of ten bone fragments from 
horse/cattle that were rendered macroscopically unidentifiable six were correctly attributed (Table 
13). The degradation of these histologically identifiable fragments scored between 2 and 5 on the 
Oxford Histology Index (OHI). Three fragments could not be identified as either horses or cattle 
because of their degree of degradation and/or remodelling. The last bone fragment was incorrectly 
assigned to horse. This thin section contained areas of fibro-lamellar bone in which the fibrous and 
lamellar components were equal in thickness and showed an extensive area in which the lamellar 
component was more prominent in the fibro-lamellar bone structure. It also showed a small area with 
a greater fibrous component. Because of the extensive area with a predominance of the lamellar 
component, the fragment was attributed to a horse. 
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Table 13  Results of the first blind test (OHI: Oxford Histology 
Index; degradation increasing from 5 to 0). 
species bone element degree of  

degradation (OHI) 
histological 
determination 

cattle femur 5 cattle 
cattle radius 5 cattle 
cattle metacarpus 5 cattle 
cattle tibia 4 cattle 
cattle humerus 4 horse 
horse femur 3 not possible 
cattle metatarsus 3 cattle 
horse metatarsus 2 horse 
horse radius 1 not possible 
horse tibia 1 not possible 
 
However, it seems that, although the area with a thicker fibrous component was smaller than the area 
in which the lamellar component was predominant, this should in retrospect have been the 
determining feature, since the fragment originated from a cattle bone.  
In view of this one incorrectly identified bone fragment, a second test on fifteen bone fragments of 
horses and cattle was conducted, taking into consideration the results of the first blind test (Table 14). 
Eleven bone fragments, including four with a question mark, were attributed to either horse or cattle. 
The degree of degradation (OHI) varied between 2 and 5. No fragments were wrongly attributed. 
Question marks were placed by three of these eleven identified bone fragments because the bone 
structure was made up exclusively of laminar bone with primary osteons in a row (1f5a). As 
mentioned above, this bone structure type should be used with caution when discerning composition. 
The fourth question mark concerned a bone displaying pathological features. Too little is known 
about the effect of pathology on the bone structure types, so its composition was used with caution. 
Four bone fragments could not be identified either because of the degree of degradation or because of 
secondary remodelling, both of which obscure the (primary) bone structure. 
 
Table 14  Results of the second blind test (OHI: Oxford 
Histology Index; degradation increasing from 5 to 0). 
species bone element degree of  

degradation (OHI) 
histological 
determination 

cattle humerus 5 cattle 
horse tibia 5 horse? 
horse metatarsus 5 horse? 
cattle radius 5 cattle 
horse metacarpus 5 horse? 
cattle tibia 5 cattle 
horse femur 5 horse? 
cattle metacarpus 5 cattle 
cattle femur 5 cattle 
cattle radius 4 not possible 
cattle metatarsus 3 cattle 
horse femur 3 not possible 
cattle humerus 2 cattle 
cattle femur 2 not possible 
horse tibia 1 not possible 

 
4.4.3 Identifying horses 
It can be concluded from the study of the reference series and the blind tests that a predominance of 
the fibrous component is exclusive to cattle fibro-lamellar diaphyseal bone structure. However, it was 
not clear whether the occurrence of a predominant lamellar component and porosity should be used 
as distinctive features for horses, since this also occurred in one cattle bone. To investigate these two 
features further, a small second reference series of four modern cattle metapodia was studied (Fabis 
1997). The metapodia belonged to three oxen and a bull. The composition of the fibro-lamellar bone 
structure was consistent in all of the thin sections. Sometimes areas with components of equal thick-
ness were observed, but the fibrous component was mostly predominant. 
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None of the thin sections showed a predominance of the lamellar component. It can thus be 
concluded that predominance of the lamellar component in the fibro-lamellar bone structure subtypes 
can at least be regarded as a secondary feature for identifying horses, since only one cattle bone (in 
the first blind test) displayed such predominance. Its presence would at least lead to a designation of 
horse with a question mark.  
The second reference series also yielded more information about “porosity”, the feature referring to 
the size of the simple vascular canals that Deschler-Erb (1998) observed in thin sections of horse 
bones. Just as in the metapodia of the seven-year-old cow from the first reference series, porosity 
occurred in most of the thin sections of the cattle metapodia in the second series. This feature must 
therefore be ruled out as being distinctive of horses. 
 
4.4.4 Applicability to burnt bone 
To check whether the differences in the composition of fibro-lamellar bone (laminar, plexiform and 
radial) can be discerned in burnt bones, three diaphyseal fragments of large mammals were studied 
from a Carolingian site at Midlaren (Prummel et al. in press). One bone showed only secondary bone 
structure. The second bone had a small area on the outside with plexiform bone structure. Polarised 
light showed a black/white distribution and the lamellar and fibrous components could be identified 
in some places. The third bone showed laminar bone in some areas, with a thicker lamellar compo-
nent (Fig. 19). These sections of burnt bone all showed considerable loss of visibility of the bone 
structure due to burning at high temperatures (darker areas in Figure 19.) But in those areas where 
the original bone structure was still present the difference in composition could be ascertained.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19  Laminar (fibro-lamellar 
complex) bone structure in burnt 
bone of horse; the periost is up. 

 
4.4.5 Origin within the bone 
Long bones fragments can also originate from the proximal and distal parts of the shaft. The question 
is whether this can lead to misclassification, because the above-mentioned difference was established 
on the basis of the microstructure in the midshaft region. Distal and proximal parts can often be 
distinguished morphologically from the midshaft region.  
Diaphyseal parts contain relatively more cortex than fragments from the proximal/distal regions. In 
addition, the histological structure also differs due to cortical stratification in the long bone. 
The fundamental study by Enlow (1963) has shown that each area of bone is a product of the parti-
cular growth and remodelling processes working on it. The proximal and distal parts of a long bone 
contain a convoluted structural pattern as opposed to the parallel flat sheets found in the middle shaft 
region. 
To check whether the histological structure of the proximal and distal parts differs from the micro-
structure in the midshaft region the reference series of Fabis was studied. This series also contains 
thin sections from the proximal and distal parts. 
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These thin sections mostly showed a convoluted pattern of bone structure that can easily be dif-
ferentiated from midshaft diaphyseal bone structure and would not lead to a misclassification of 
either horse or cattle (Fig. 20). In those cases where some composition could be observed the fibrous 
component was predominant.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20  Convoluted bone structure in the distal part of a 
metacarpus of cattle; the periost is up. 

 
 
4.5 Conclusion 
 
Several long bones of different individuals were studied to explore the possibilities of telling horse 
and cattle diaphyseal bone fragments apart. While no difference was found in the prevailing fibro-
lamellar types and combination of types, the composition of fibro-lamellar bone was different in 
horses and cattle. In cattle the fibrous component was the predominant component and, with one ex-
ception, predominance of the lamellar component in fibro-lamellar complex bone structure was seen 
only in horses. The applicability of this feature to archaeological bone fragments was confirmed by 
two blind tests. Even highly degraded fragments could still be identified. Since the composition of 
fibro-lamellar bone structure can also be discerned in burnt material, the method should prove very 
useful when dealing with small fragments in archaeology. 
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