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Summary. A study was made of 160 long bones taken 
from 40 native Merino sheep of both sexes. These 
animals, which represented uniform growth (mean 
growth-curve values), were divided into four groups 
which were slaughtered consecutively at 0, 45, 105 and 
270 days old (0, 6.4, 15 and 38.5 weeks, respectively). 

The following bones were studied; humerus, femur, 
tibia and os coxae. Thin lamellae taken from the 
metaphyses of the bones obtained were fixed, decalcified 
and stained with hematoxylin-eosin to assess the 
development of the various components of growing bony 
tissue. 

The bones studied followed the same maturation 
pattern; the os coxae proved to be the best histological 
indicator in differentiating the age of the animals 
studied. 
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lntroduction 

Though researchers broadly agree on the nature 
of the basic structural components of growing 
mesenchymatous bone (bone matrix, osteoclasts, 
osteocytes, trabeculae, blood vessels, etc.), this does not 
extend to certain specific cases such as the existence of a 
non-minearlised area of the bone matrix, termed osteoid 
(Pommer, 1885). McClean and Bloom (1940) used Von 
Kossa's staining technique for the microscopic 
identification of bone minerals, reporting that bone 
matrix can be considered calcifiable as soon as the tissue 
is recognised as bone tissue. Routine electron 

Offprint requests to: Dra. M.T. Guillén, Departamento de Anatomía y 
Embriologia, Facultad de Veterinaria, Universidad de Extremadura, 
Cáceres, Spain 

microscopic observation has revealed the existence of a 
thin layer (one micron thick or less) of pre-osseous non- 
calcified tissue during bone formation, even in animals 
whose mineral intake is optimal (McClean and Urist, 
1968). It should also be borne in mind that any cell 
capable of depositing a matrix which calcifies without 
being destroyed in the process is an osteoblast (Trueta, 
1968). However, when the cell is undergoing mitosis, it is 
difficult to decide, for example, whether it is an 
osteogenic cell or an osteoblast; this doubt can be readily 
resolved by autoradiography using labelled timidine 
(Tonna and Cronkite, 1961,1962; Owen, 1963). Studies 
on the consolidation of bone fractures and the conditions 
required for bone transplants have confirmed the 
existence of blood vessels (Harris and Ham, 1956). 

As animals grow and increase in weight, new strains 
and stresses arise in bones, giving rise to the need for 
increased support. This support is apparently achieved 
by transformation of trabecular (or cancellous) bone into 
compact bone (Amprino, 1965). Transformation starts 
with remodelling in areas containing osteons together 
with large numbers of «poorly-situated~ osteocytes. The 
remodelling channels fill with osteoclasts, followed by 
blood vessels and connective tissues cells (Currey, 1968). 

Many papers for various purposes, deal with the 
surplus or deficiency of given substances in bony tissue; 
these include studies of iodine, amino-acid and copper 
deficiency (Smoliar, 1983,1985,1989) and the effects of 
excess saccharose (Smoliar, 1988), biotin (Bain et al., 
1989), phosphorus and calcium (Van Kempen et al., 
1976) and growth hormones (Neuman, 1986; Bubenik, 
1978,1982). 

Other authors have linked changes in bone tissue to a 
variety of circumstances including overload (Lozupone 
and Favia, 1981); diet (Theriez et al., 1982) and age 
(Horn, 1975; García González, 1980,1981). 

The purpose of this study was to analyse the 
structural development of cancellous bony tissue in 
growing lambs, and to establish a histological standard 
for age-differentiation. 
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Materials and rnethods 

160 bones were taken from 40 Merino lambs of both 
sexes, which were salughtered at 0, 45, 105 and 270 
days old. The animals selected, which were ideal 
representatives of uniform growth (mean growth-curve 
values), were slaughtered by routine commercial 
methods, and bones were obtained for analysis. 

The following bones were selected for histological 
analysis: humerus, femur, tibia (long) and os coxae 
(irregular). Bones were cleaned of muscle, fat and 
adherent matter, and a thin lamella ossea was obtained 
from the proximal epiphyses of long bones (taking care 
to include the growing metaphysis) and from specific 
sites in irregular bones such as os coxae (dorsally to the 
acetabulum, at the iliosciatic junction). Samples were 
immediately fixed in 10% formo1 and decalcified in 5% 
trichloroacetic acid using routine laboratory techniques. 
Decalcification took from 15 days (lamb slaughtered 
at birth) to 3 months (lambs slaughtered at 270 days 
old). Samples were subsequently processed and stained 
with hematoxylin-eosin prior to analysis of growing 
metaphyses. 

Results 

The term Haversian canal is used here to designate 
those sometimes sinuous canals whose lumina contain 
blood vessels and mesenchymatous elements surrounded 
by an osteoid or osseous matrix with osteocytes. The 
term force linesis used to refer to those lines along which 
osteocytes are distributed; they consist of a linear 
arrangement of ground substance, the direction being 
determined by trabecular morphology. 

Humerus (Fig. 1) 

Birth (Fig. 1A) 

Diaphysial and epiphysial trabeculae showed little 
calcification, and were composed of osteoid tissue (ot), 
with non-calcified areas and randomly-distributed 
osteocytes. Trabeculae were surrounded by osteoblastic 
cuboidal epithelium (oep). No evidence of remodelling 
was recorded during this period; trabecular structure, 
however, appeared to be identical to that found in adult 
animals, though trabeculae were thinner. 

45 days (Fig. 1B) 

At  this stage of growth, trabeculae were partly 
calcified and osteocytes were orientated along the force 
lines (fl)  which were now starting to appear. 
Osteoblastic epithelium (oep) was observed to enclose 
trabeculae, which were somewhat thicker than those of 
the previous group. 

105 days (Fig . 1C) 

Trabecular structures revealed an interna1 structure, 

with osteocytes (o) arranged between force lines (fl). 
Haversian canals (Hc) were visible. Some non-calcified 
areas were observed, though they were apparently 
remodelling foci. At  this stage, some areas continued to 
contain osteoblastic epithelium (oep) albeit in highly- 
circumscribed areas. 

270 days (Fig. ID) 

Remodelling foci continued to appear, and large 
numbers of osteoclasts (ocl) were observed in the vicinity 
of trabeculae. Haversian canals (Hc) were still visible. 
Trabecular matrix was calcified, and osteocyte 
orientation (o) between force lines (fl) was notable. 

0s Coxae (Fig . 2 )  

Birth (Fig. 2A) 

Trabeculae (t) were only slightly calcified, and 
intratrabecular lacunae remained uncalcified. 
Osteoblastic epithelium (oep) was evident. 

45 days (Fig . 2B) 

Ossification of trabeculae (t) was apparent at this 
stage of development. Force lines (fl) were clearly 
distinguishable from Haversian canals, and contained 
only a small number of osteocytes (o). Osteoblastic (oep) 
epithelium was visible. 

105 and 270 days (Figs. 2C, 2D) 

Similar features were observed for these two age- 
groups, the only difference being in the thickness of the 
component structures (especially the trabeculae), and 
the greater degree of development of Haversian canals 
(Hc). Force lines (fl) and Haversian canals were totally 
formed. The bone was fully remodelled by this stage. 

Femur (Fig. 3) 

Birth (Fig. 3A) 

Little evidence of trabecular (t) calcification was 
observed, and it was just possible to make out an 
osteoblastic epithelium (oep). Some non-calcified 
intratrabecular lacunae (il) were observed. 

45 days (Fig. 3B) 

Trabecular calcification was almost complete. Force 
lines (fl) had started to become distinguishable. 

105 days (Fig. 3C) 

Remodelling had started and force lines (fl) were 
clearly delimited. Some non-calcified sinuous lacunae 
were again visible. 



Fig. 1. Histological cornposition of the hurnerus. A) Birth; 6) 45 days; C) 105 days; D) 270 days. 



rig. z. nis~oiogicai composition 01 ox coxae: A) Birth; B) 45 days; C) 105 days; D) 270 days. 



Fig. 3. Histological composition of the femur: A) Birth; 6) 45 days; C) 105 days; D) 270 days. 



Fig. 4. nisroiogicai composirion or rne ri~ia: A) trircn; aj 4s aays; I U ~  aays; y zlu  aays. 
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270 days (Fig. 3D) 

Few differences were observed in this age-group with 
respect to the preceding group, although the former was 
slightly more developed. The remodelling process was 
evident, and osteoclasts (ocl) were visible. Clearly- 
defined Haversian canals (Hc) were observed, and the 
trabecular matrix was fully calcified. 

Tibia (Fig. 4) 

Birth (Fig. 4A) 

The histological arrangement of trabeculae (t) in this 
age-group was characterized by thin layers of irregularly- 
calcified bony tissue surrounded by an osteoblastic 
epithelium (oep). These lamellae contained sinuous 
caverns which did not stain, and gave the bone an areolar 
appearance. 

45 days (Fig. 4B) 

Trabecular structure was generally similar to that 
observed in the preceding age-group, although some 
areas of the trabeculae contained more or less 
concentratic lamellae, giving the appearance of 
Haversian canals (Hc) . 

105 days (Fig. 4C) 

Trabeculae (t) showed a greater degree of calcifi- 
cation, and in some cases contained force lines (fl). 
Haversian canals were also observed. 

270 days (Fig . 4D) 

Trabeculae were fully calcified, with force lines (fl) 
arranged concentrically, in some cases, around 
Haversian canals. These trabeculae can be said no have 
undergone definitive remodelling. 

Discussion 

Al1 the data obtained in this study is, as we have 
pointed out, interrelated and complementary. A 
characteristic feature of young bone is the presence of an 
area of non-mineralised matrix termed osteoid tissue; at 
birth this takes the form of severa1 bone fragments 
analysed here and previously reported by Pommer in 
1885. In growing or completely formed bones (45, 105 
and 270 days old), however, osteocytes were found, as 
reported by Bloom-Fawcett, 1987. 

Al1 the bones analysed grow in the form of 
prolongations or spicules called trabeculae (as also 
reported by Weiss, 1982), forming force lines. 

In the vicinity of the trabeculae, vascular bundles 
similar in structure to Haversian canals were visible, 
their function being to provide nutrients to more deeply- 
situated cells. This agrees in part with the findings 
reported by Harris and Ham (1956) in bone tissue 
transplants. 

In the more mature age-groups studied (105 and 270 
days), once the bone was formed osteoclasts became 
visible; osteoclasts are responsible for the remodelling of 
the bone, or for its destruction and non-formation 
(Kolliker, 1873). 

The chronological sequence in which the 
consolidation of various bone elements (diaphysis, 
epiphysis and apophysis) takes place, together with the 
timing of ossification for a given species, provides an 
acceptable method for age- determination, and also 
complements other techniques, as reported by García 
González (1981). 

Finally, histological analysis showed that the 
components of bone structures follow a similar 
maturation pattern, in decreasing order of significance: 
os coxae, femur, tibia, humerus. 

However, this pattern is not identical for every bone 
at a given age. Of al1 the bones analysed, os coxae 
provides the best histological indicator for age- 
differentiation in sheep of 0,45,105 and 270 days old. 
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