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Drilling and Filling
What A Year! for March 2012
You don’t want to lose the enamel on your teeth! Lots of problems, not just for your teeth, but for your entire body, can begin with dental caries. So a technology that could help re-build tooth enamel – and possibly other parts of the body, such as bones – would be a welcome relief to many people. If you’ve ever experienced the dentist’s drill, or if you avoid the dentist because of fear, this story is for you.
This month’s What A Year! story looks at expanding research in synthetic discs and surgery.

To get the entire story, go to What A Year! and click on the 03.12 icon.

1. What are crystals? Where are they found in the human body?

Crystals are composed of ions bound together in a strict, orderly pattern. They are found in human teeth and bone tissue.

2. Describe the three layers of dental tissue.

The innermost layer of dental tissue is the dental pulp. The dental pulp is made of soft tissue that contains blood vessels, connective tissue, and nerves. The dental pulp is surrounded by a large layer of dentin, a mineralized yet porous material. The outermost layer of dental tissue, called enamel, is a fully crystallized tissue that is the hardest and most brittle tissue in the body.

3. How is enamel produced and crystallized?

Enamels is produced by proteins in the extracellular matrix. These proteins have special chemical properties that allow them to self-assemble into larger and larger three-dimensional molecules. As they do so, they attract the calcium and phosphate ions that form the crystallized tissue.

4. What are cavities? What causes them? How are they typically treated? What happens if they are left untreated?

Cavities are small holes or structural damage to the dental tissue. They are caused by the erosion of dental tissue as a result of acid produced by bacteria in the mouth. Cavities are typically treated by a minor surgical procedure that removes the decayed tissue and fills the space with another material such as metal or porcelain. If left untreated, cavities will progress to the soft tissue where they can become incredibly painful and debilitating.

5. How did Dr. Aggeli and colleagues identify structures that would likely mimic bone mineralization?

Dr. Aggeli used computer modeling to predict which structures would be most likely to mimic bone mineralization.

6. How did Dr. Aggeli test the ability of the synthesized molecules to induce the production of crystals? Describe the system they used.

To test the ability of the synthesized molecules to induce the production of crystals, Dr. Aggeli used a system developed by colleagues in Canada. In this system, the molecule is placed in a chamber with two windows. On one side there is a stream of calcium ions that can enter the chamber by diffusion; on the other side is a stream of phosphate ions. The molecule is left in the chamber for seven days before the researchers looked for any crystal production.

7. What controls did the researchers use to ensure the accuracy of their system? What did the researchers conclude from these experiments?

The researchers used several positive and negative controls to test the accuracy of their system. Positive controls mimic the response of the system while negative controls do not produce the desired result. The researchers concluded from these experiments that their system was accurate.

8. How did the researchers determine the effects of p11-4 on human teeth? What were the results of these experiments?

To determine the effects of p11-4 on human teeth, the researchers created lesions on teeth that had been extracted from human patients. They did this by painting the entire tooth except for a tiny part with nail varnish and then dipping the tooth in acid. The nail varnish protected the tooth from the acid except for the exposed part, which decayed in the same way dental tissue would to form a cavity. The researchers then took the artificially-decayed teeth and placed them in an artificial mouth that simulated what would happen to the teeth over the course of a day. They treated some of the teeth with p11-4 and left some as controls. The results of these experiments showed impressive signs of repair in teeth treated with P11-4 after only five days. 

9. How does p11-4 work to repair decayed dental tissue?

P11-4 works by seeping into the pores in the enamel and forming a gel. Like natural proteins, it will only begin to form crystals under certain conditions of temperature and acidity. The areas with the most tooth damage are also the most acidic, and therefore more mineralization will occur in these areas. 

10. How did Dr. Kirkham test the effectiveness of P11-4 in humans? What were the results of these experiments?

To test the effectiveness of P11-4 in humans, some of Dr. Kirkham’s colleagues conducted a small clinical trial with fifteen volunteers who had been diagnosed with dental caries. The clinicians painted the affected areas of dental decay with the p11-4 solution and followed-up with patients after 4, 8, 30, and 180 days. The results are promising so far, with fourteen of the fifteen patients showing significant tooth repair as a result of treatment. 

11. What are the next steps for this research?

Dr. Kirkham and her colleagues are currently working with a pharmaceutical company to develop P11-4 as a compound for commercial human use. 



To Think About:





In addition to her research on teeth, Dr. Kirkham is exploring the possibility of using p11-4 to re-mineralize other tissues in the body such as facial bones after an accident or other bones that have become demineralized as a result of arthritis. Do some research. How far along are these experiments? Can you think of other uses for a compound like p11-4? 


What are some of the overall health problems that may result from poor oral or dental health?


What role does the pH of your mouth play in the demineralization-remineralization cycle?


There is a very unequal distribution of dental caries (tooth decay) among the countries of the world. And within each country, there is an unequal distribution of caries. Why?


A chemical can be added to drinking water to help combat tooth decay. This is controversial. Why?








