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BONE BIOLOGY

Bioarchaeologists are anthropologists who study skeletal remains in the 
archaeological record to reconstruct past people’s lives. Although there 
are many topics in bioarchaeology, such as dietary reconstructions, bio-
logical relatedness, and congenital diseases (diseases present at birth), 
reconstructing activity patterns is a key component of bioarchaeologi-
cal research. Students have been especially keen on using macroscopic 
(visible to the naked eye) features on bones to determine whether past 
peoples had divisions of labor based on class or sex, whether past popula-
tions’ shifts to agriculture from hunting and gathering were more or less 
laborious, whether the physical environment affected people’s everyday 
activities, and many more activity related questions. For the most part, re-
search has been helped along by the objects made by past peoples, known 
as artifacts; when artifacts corroborate the bioarchaeologists’ activity re-
constructions, the researchers think that their conclusions are even more 
valid. However, artifacts can be seen as crutches that allow for circular 
reasoning, and—perhaps even more troublesome—artifacts may affect 
the hypotheses that bioarchaeologists test. To determine whether skel-
etal remains can be used to reconstruct activity patterns, one needs to 
determine whether the traits examined are a result of activity or biology. 
In other words, as in many of the social sciences, the bioarchaeologists’ 
main question should be “is it genes or environment?” As both social sci-
entists (such as psychologists) and biological scientists (such as medical 
researchers) embrace the genetic revolution and start to answer questions 
about cause and effect with genetic information, bioarchaeologists often 
still seem to think that the answer lies in environment. Determining the 
cause or causes, which we call etiology, of bone traits used in activity 
reconstruction is the crux of this book. In order to answer the question of 
whether it is genes or environment, bioarchaeologists need to understand 
bone biology.
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 Bone is a complex material that is shaped by genetics and the environ-
ment. Understanding bone biology is essential in determining which fea-
tures of bone are a result of genes, biology, or environment. In this book, 
the term “environment” refers to all nongenetic and nonbiological factors, 
such as activities and diet. Some factors do not fall neatly into the nature 
versus nurture or genes versus environment arguments; factors such as 
age are biological, but they may be impacted by external factors (such as 
cumulative wear or decreased activities). To examine which bony traits 
are a result of nonbiological factors, such as activity patterns or other 
cultural manifestations, one must first learn a little bit about bone biology.

Bone Basics

Bone Functions

Although bioarchaeologists use bones to understand activity patterns, 
bones have multiple functions throughout life. Bones act as a calcium 
reserve, which is essential for healthy organs, and help to maintain cal-
cium homeostasis, which is a state of equilibrium in the body. Calcium 
is the most abundant mineral in the human body. When one has too little 
calcium (hypocalcemia), heart dysfunctions and seizures can occur; but 
too much calcium (hypercalcemia) can cause widespread organ damage. 
Bones also provide structures that help house disease-fighting cells; for 
example, sinuses are cavities that are surrounded by bones, and the si-
nuses house immune system cells. Plus, bones house and protect vital 
organs; for example, the brain is encased in the skull and the lungs are 
protected by the ribs (Frost, 2004; Pearson and Lieberman, 2004).
 Perhaps most importantly for anthropologists examining remains to 
reconstruct activity patterns of past peoples, bones serve as attachment 
for muscles, and these anchors also play a role in movement (Frost, 2004; 
Pearson and Lieberman, 2004). Movement, whether it involves the entire 
body or just a part of the body (such as the arm), is accomplished through 
a lever system composed of muscles, tendons, and bones (Seeman and 
Delmas, 2006). In order to function as a muscle attachment system, bones 
need to be able to resist deformation in response to muscle use (which 
is considered an internal force) (Frost, 2004; Pearson and Lieberman, 
2004). Also important to bioarchaeologists, bones attach to other bones 
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at joints, which are covered with lubricated cartilage; degenerative joint 
disease (also known as osteoarthritis) is one of the most common forms 
of disease found in the bioarchaeological skeletal record, and it is used as 
an indicator of which joints were used in activities.

Bone Components

To accomplish its many functions, bone contains a variety of different 
materials. Thirty-five percent of bone is made up of collagen, which is a 
fibrous protein, and other similar proteins; these organic materials allow 
bone to retain some flexibility and stability (Pearson and Lieberman, 2004; 
Seeman and Delmas, 2006). The other components of bone are minerals; 
it is estimated that human bone is about 60% mineralized (Seeman and 
Delmas, 2006). Calcium in the form of hydroxyapatite crystals makes up 
most of the bone minerals, but bone also contains small amounts of fluo-
ride, citrate, and magnesium (Pearson and Lieberman, 2004; Seeman and 
Delmas, 2006). The minerals in bone increase the stiffness whereas the 
collagen allows bone to maintain some flexibility, which prevents brittle-
ness (Seeman and Delmas, 2006).

Bone Organization

At a macroscopic level, different bone structures, which are sometimes 
referred to as envelopes, serve different purposes and vary in the amount 
of stiffness and flexibility they exhibit (Frost, 1994; Robling et al., 2006). 
The four bone envelopes are intracortical (also known as Haversian bone 
or osteons), trabecular (also known as spongy bone), endocortical, and 
periosteal (Frost, 1994; Robling et al., 2006). All bones have these enve-
lopes, but they contain different percentages of them. For example, long 
bones, such as the femur (thighbone) and humerus (upper arm bone), 
are mostly intracortical bone, which favors stiffness over flexibility since 
these bones are mainly used in the lever system that enables movement 
(Pearson and Lieberman, 2004; Seeman and Delmas, 2006). Vertebral 
bones, on the other hand, consist mainly of trabecular bone, which act 
as a spring to absorb shocks (Pearson and Lieberman, 2004; Seeman and 
Delmas, 2006). However, there is even variation in the same types of 
bone; the femur, for example, has a greater amount of intracortical bone 
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Figure 1.1. Haversian system. A cut-away that highlights some of the key features of 
mature bone.

than the tibia (or shinbone), which has a large medullary cavity (the mar-
row cavity located in the center of long bone shafts) and a great deal of 
trabecular bone.
 The most common bone discovered in the bioarchaeological record 
is made of intracortical bone since it is the most mineralized. Looking at 
Haversian bone at a microscopic level, each single Haversian system has 
a tree-ring like appearance. Haversian bone, which is found throughout 
the shafts of long bones and covers the outside of other bones, contains 
interconnected osteons (a single set of the Haversian system) in which 
each osteon contains a cement-like lining and is connected to the other 
osteons through collagen fibers, known as Volkmann’s canals (Seeman 
and Delmas, 2006). The spaces between the osteons are composed of in-
terstitial lamellae, which are crack-resistant sheets of collagen fibers and 
remnants of previous osteons that were resorbed during bone remodel-
ing (Seeman and Delmas, 2006). Bone remodeling is discussed in detail 
below. In addition, in between the lamellae are spaces or cavities called 
osteocytic lacunae that are filled with pre-bone cells that help in bone 
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remodeling. These lacunae are distributed around each osteon (Seeman 
and Delmas, 2006). In Haversian bone, the overlapping parallel osteons 
limit fracture propagation in a similar way to how bricks are laid down to 
build a strong wall (Seeman and Delmas, 2006). Figure 1.1 illustrates the 
different components of osteons. 
 Trabecular bone is not as orderly as Haversian bone; commonly re-
ferred to as spongy bone, trabecular bone is porous and does not survive 
well in the archaeological record. Yet trabecular bone has the same com-
ponents of Haversian bone. Instead of being organized in the Haversian 
system, trabecular bone is organized in packets of lamellae, which enable 
it to remodel faster. Trabecular bone is found at the end of long bones, 
such as the femoral head, and in bones that are not used in the lever 
system, such as the cranium (i.e., the skull minus the lower jaw). Plus, 
as mentioned earlier, it is found in places where energy absorption is re-
quired, such as in the vertebrae and the calcaneus (the heel bone) (See-
man and Delmas, 2006).
 The endocortical envelope, which contains endocortical bone and end-
osteum tissue, lines the interior of the cortical bones and is the bound-
ary between the bone and the medullary canal. Similarly, the periosteal 
envelope, which contains periosteal bone and periosteum tissue, lines 
the outside of all bone. The two tissues, which are typically only found 
in bone during life, are bone-forming tissues, which enable bone growth, 
modeling, remodeling, and repair.

Bone’s Dynamic Changes: Growth, Modeling, Remodeling,  
and Repair

Although bone may seem stagnant, it is quite dynamic. These changes can 
be grouped into four categories: growth, modeling, remodeling, and re-
pair. Growth and modeling occurs while an individual is developing and 
ceases or nearly ceases with the onset of adulthood. Remodeling occurs 
throughout one’s life and maintains bone health. Remodeling has been 
said to provide one with a new skeleton every decade (Kushdilian et al., 
2016). Research results vary in their assessment of bone remodeling speed 
and delays in remodeling seem to be normal (Chen-Charpentier and Dia-
kite, 2016). Repair occurs when there is replacement of destroyed bone by 
new formations and occurs after a fracture or other injury. And, regard-
less of the type of bone, the same cells are responsible for the changes 
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bones undergo throughout an individual’s life; the community of these 
cells is called the basic multicellular unit (BMU). The Haversian system 
is one of the best known BMUs (Frost, 2004).
 BMUs of bone consist of osteoclasts and osteoblasts. Osteoclasts, 
which consist of precursor cells, active cells, and dead cells, secrete an 
erosive substance to remove bone tissue that has been damaged (De Boer 
and Van der Merwe, 2016; Chen-Charpentier and Diakite, 2016; Frost, 
2004). Osteoblasts, which deposit bone and add or maintain bone cir-
cumference, consist of responding cells, active cells, and differentiated 
cells (Frost, 1990, 1994). Differentiated cells include both lining cells and 
osteocytes (Chen-Charpentier and Diakite, 2016). Osteoblasts that do 
not become differentiated cells may be programmed to die (Bellido, 2014; 
Bonewald, 2011).

Bone Growth and Modeling

When looking at a person’s entire life, bone removal through osteoclasts 
tends to occur first and to a greater extent than bone deposition through 
osteoblasts (Frost 1990, 1994). Growth occurs from before birth to matu-
rity. Genes are heavily involved in the pattern, pace, and final outcome of 
bone growth (Frost, 1990, 2004; Robling et al., 2006). Modeling occurs 
both during the growth period of bone and involves genes and mechani-
cal loading, which is the application of a push or a pull on an object. 
This push or pull is referred to as force; an example of a push force may 
be a weight placed on the bone, whereas a pull force might be a muscle 
contraction (Frost, 1990, 2004; Robling et al., 2006). Mechanical loading 
is found to affect not just weight-bearing bones, like the leg bones, but 
nearly all bones, with only the nasal bones and some cranial bones not 
experiencing mechanical loads (Frost, 1990, 2004). Mechanical loading 
can be weight-bearing, but it can also involve muscle use that strains the 
bone when the muscle is contracted.
 Growth and modeling of bone are distinct from remodeling and repair 
(Frost, 1990). Unlike growth and modeling, remodeling and repair occur 
throughout life (Frost, 2004; Robling et al., 2006). In growth and model-
ing, baseline conditions, which are set by genes before birth, allow bones 
to change while also adapting to mechanical challenges. During growth 
and modeling, drift (or a gradual movement away from the original posi-
tion) of bone cells allow bones to increase their cross-sectional strength. 


