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High Impact Sports Seen Through Bone 
Density in Human Remains 

 

Emma Holmes

 

High impact sports affect bone density in 

humans. Can anthropologists and 

archaeologists say a civilization played 

recreational sports based on their skeletal 

remains? In this paper, I will be discussing 

how exercise affects our bones. First, I will 

review the research on how sports affect bone 

density. Then, I will examine three main 

factors that influence bone density as it 

relates to exercise: magnitude, rate, and 

frequency of muscle strain because as the 

muscle moves, it pulls on the bone and as a 

response, the bone becomes stronger and 

denser. Lastly, I will examine what 

anthropologists can already tell from the 

bones of human remains. 

 

HOW HIGH IMPACT SPORTS AFFECT 

BONE DENSITY 

Wolff’s Law states that bone is sensitive 

to mechanical stimuli, meaning it may adjust 

size and shape in response to external forces. 

Simulated bone adaptation in the human 

femur using topology optimization, which is 

a mathematical method that optimizes 

material layout within a given design space, 

supports Wolff’s Law (Jang & Kim, 2008).  

Additionally, multiple studies demonstrate 

that removing the radius—one of the two 

bones in the lower arm—results in increased 

growth of the ulna, the other bone (Chamay 

and Tschantz, Lanyon). This means the 

radius responded to a part of the ulna being 

removed and compensated for the loss of 

bone. Bones adapt by retaining their minerals 

to build more of the inner bone, or medulla, 

which is going to make the bone denser. 

This adaptation is pronounced in athletes 

since bones increase in density to 

accommodate the extra load being put on 

them during high-impact sports, (Guadalupe-

Grau et al., 2009). In both adolescence and 

adulthood, people who exercise regularly 

have greater bone density. Adolescent male 

athletes show higher bone density in their 

lumbar spine, arms, and legs than nonathletic 

boys (Quiterio et al., 2011), and overall bone 

size is bigger in child athletes than 

nonathletic children (Markou et al., 2010). 

Gymnasts have a higher bone density than 

people who do not exercise regularly (Taaffe 

et al, 1995), while people who exercise for an 

hour or more a day have 3.4% more bone 

density overall and 8.5% more in just the hips 

than people who do not exercise (Ginty et al., 

2005). 

Bones also adapt due to muscle strain, or 

any activity that uses muscle.  Our muscles 

are attached to bones by tendons. When 

someone moves a muscle, this movement 

tugs on the bone. The force the muscle puts 

on the bone causes a response in which the 

bone strengthens by getting denser. Accord-

ing to Wolff’s Law, for the bone to stay 

strong when one is moving, their body will 

respond by sending more minerals to the 

bone to strengthen it. This will prevent the 

bone from breaking when a greater force is 

acted on it. 
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There are three categories of muscle 

strain that will affect bone density: 

magnitude, rate, and frequency of strain. The 

magnitude is how much force is placed on 

your muscles or bones during exercise. 

Exercise is typically broken into two 

categories: strength training and aerobic 

exercise. Strength training is a way to build 

muscle without getting your heart rate up. 

Strength training involves a great magnitude 

of strain that is put on your bones and 

muscles. A good example of this is rock 

climbing. To rock climb, one is putting all 

one’s body weight on one’s arms and legs. 

The rate of muscle strain is how much 

force your muscle can exert. This type of 

strain would be anaerobic exercise. In an 

anaerobic state, your body is burning glucose 

without the use of oxygen. This happens 

during intense, brief exercises. The body uses 

lactate to break down glucose without the 

presence of oxygen. Lactate is only sustain-

able for a few seconds to a minute, so it is not 

able to use long term. An example of an-

aerobic exercise is plyometrics or jump 

training. Plyometrics is quick, dynamic 

movements that cause the muscles to exert 

their maximum force for a short interval of 

time. 

The frequency of muscle strain is 

considered any longer periods of muscle 

strain, but with less force exerted or acting on 

them. This strain would be aerobic exercise. 

Aerobic exercise uses your aerobic 

metabolism. Aerobic metabolism is when 

your body breaks down glucose for energy 

using the oxygen that you breathed in. 

Endurance running is an example of aerobic 

exercise. It is low intensity but requires 

muscle strain for a long period. 

 

WHAT WE CAN TELL FROM HUMAN 

REMAINS 

While we don’t yet have anthropological 

studies of skeletal remains that identify how 

past civilizations exercised, existing studies 

demonstrate that such research is possible.  

For example, the size and shape of the 

mandible between hunter-gatherer societies 

and agricultural societies are significant 

(Cramon-Taubadel, 2011). Hunter-gatherers 

ate more tough meat which would have used 

more jaw muscle than eating plants in an 

agricultural society. The muscle attachment 

sites to the bone would have more wear and 

tear on the bone from someone that is eating 

tough meat because the muscle pulls on the 

bone every time it is used and eventually it 

starts wearing down. Therefore, anthro-

pologists and archaeologists can examine the 

jawbones of early humans to tell what type of 

food they ate, which helps us understand how 

they lived. 

 

HOW THIS ALL TIES TOGETHER 

High-impact sports have not been tied 

directly into forensic anthropology, but 

anthropologists can tell the lifestyle lived by 

our ancestors based on bone wear and tear, 

like in the hunter-gatherer example. The next 

step is to develop the technology and 

techniques that would allow anthropologists 

to see how the person whose remains are 

being studied exercised when they were 

alive. This research is a step toward being 

able to tell the story of the remains for them. 
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