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In the midst of the Rugby World Cup, 
Isaac Bruce asks how concussion is 
caused and how it can be treated

Rugby is a sport for all shapes and sizes that is 
popular around the globe. But the game is going 
through a difficult patch, with star players like 

George North and Mike Brown suffering multiple 
concussions and having to take long breaks from 
playing.

Seeing colours
Concussion is not, as many people think, bruising 
of the brain. No swelling or bleeding can be seen on 
scans of patients’ brains. In the impact of a rugby 
tackle, the head accelerates rapidly and is stopped. The 
brain, floating in fluid, can still move and is shaken. 
This causes a cascade of chemical events in the brain 
cells.

Before thinking about treatment, first the patient 
needs to be diagnosed. As nothing is visible on scans, 
you only have the patient’s symptoms to go on. To aid 
diagnosis, Professor Shu Yang and her colleagues at 
the University of Pennsylvania have created photonic 
crystals, which have carefully designed internal 
structures so that they refract light in a certain way, 

giving a distinctive colour. A blow to these crystals 
leads to the breakdown of the precise structures, 
causing a change in colour.

The team have tested the impact of a typical 
concussion-causing tackle experienced during a match 
and have shown that the colour change is not only 
extremely noticeable, but is irreversible. Therefore, 
this material has the potential to be incorporated into 
sports helmets as a ‘traffic light’ to indicate if a player 
has received a concussion. See this material in action 
at www.tinyurl.com/p5bpwzl

Chemical cascade
Immediately after the impact of the concussion-
causing hit, a change in the ionic make-up of the brain 
cells occurs. Normally potassium ions (K+) inside the 
cells are in careful balance with sodium ions (Na+) 
outside the cells.

The relative sizes and charges of these ions lead to 
the cell membrane potential. The regulated changes in 
these respective levels can lead to an electrical discharge, 
which is key to allowing the brain to function properly 
and pass its messages down the line, so that the body 
can react in the correct way. This regulation is carried 
out by the sodium–potassium pump, which is within 
the cell membrane. The pump allows the entry and 
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release of the ions through the cell membrane against 
a concentration gradient in order to create the electrical 
discharge. For an animation explaining how it works, 
see www.tinyurl.com/q5bycxf

When a concussion occurs, the potassium ions 
flood out of the cells. This in turn causes the sodium–
potassium pump to work incredibly hard in order to 
get potassium ions back into the cell so that it can 
work properly again, but this requires huge amounts 
of energy, which is supplied by the breakdown 
of adenosine triphosphate (ATP, Figure 1). The 
replenishment of the ATP requires a dramatic increase 
in the metabolism of glucose, so the brain enters into a 
vast energy crisis that it cannot resolve.

Another consequence of concussion is that calcium 
ions (Ca2+), which are usually outside the cells, flood 
into the cells. Calcium has an important role in cell 
death, but this uncontrolled influx can lead to more 
rapid cell death and further injury to the brain, 
impairing its function.

Treatment of concussion
Many sports physicians and neurosurgeons conclude 
that new treatment for concussion is needed and 
that only by further studying the chemical cascade 

in the brain will an effective treatment be found. At 
the moment, the doctor treats the symptoms and not 
the actual chemical imbalance. For example, nausea 
is treated by an anti-emetic, but this doesn’t solve the 
problem. By further investigating the chemicals in the 
brain and the imbalance caused by concussion, perhaps 
understanding the chemistry could prove the key to 
unlocking a better treatment in the future.
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Figure 1 Structure of ATP
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Tell us what 
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Questions
1 Adenosine triphosphate contains a six-

membered, oxygen-containing group with 
various bulky constituents on the carbon 
groups. Take each carbon atom and draw the 
way in which you think its bonds would be 
arranged in three-dimensional space, giving your 
reasons why.

2 Draw the dot-and-cross diagrams for sodium, 
potassium and calcium ions:

 a on their own
 b with chlorine to create their respective salts
3 Given the relative sizes of the potassium and 

sodium ions, why do you think an electrical 
discharge might be possible?
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