These pink sea urchins have teeth that
sharpen themselves
18 September 2019
for the loss of material, he explains, an urchin's
teeth continue to grow throughout life.
Researchers had suggested previously that sea
urchins might have such a self-sharpening tooth
mechanism. But it wasn't clear how they could
selectively cleave portions of their teeth, which
consist of apparently brittle ceramic constituents, to
stay sharp.

The Internal jaw apparatus of an Aristotle's lantern.
Credit: Horacio Espinosa

In the new study, Espinosa and colleagues
combined sophisticated mechanical testing and
electron microscopy to capture 3-D movies showing
how the urchin's teeth wear. Their studies show
that the teeth consist of ceramic composites
arranged in a precise way. On the convex side of
the tooth, calcite fibers provide structural integrity.
This fibrous composite transitions to another
composite made of inclined calcite plates on the
convex side of the tooth. As the tooth wears, those
calcite plates chip away to maintain sharpness.

Sea urchins have five teeth, each held by a
separate jaw in a circular arrangement at the
center of their spiked, spherical bodies. Now,
researchers reporting in the journal Matter on
September 18 have discovered how the teeth of
the pink sea urchin are specially equipped to
sharpen themselves.
Rather than simply resisting wear, their teeth are
actually built to chip in a way that helps them to
maintain a sharp edge. The researchers liken it to
the sharpening of a knife by selectively removing
material from the cutting edge. The findings may
lead to new kinds of synthetic materials for use in
various applications, the researchers say.
"The material on the outer layer of the tooth
exhibits a complex behavior of plasticity and
damage that regulates 'controlled' chipping of the
tooth to maintain its sharpness," said Horacio
Espinosa of Northwestern University. To make up
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While the findings provide intriguing insight into the
urchins, Espinosa's primary interest is in
understanding the behavior of natural and synthetic
nanomaterials across different scales. He says the
new findings should help to guide the design of
microstructure and the selection of material
constituents for the design of tools for a range of
cutting, grinding, and boring applications.
"I am exploring ways to do additive manufacturing
of materials that can exhibit the performance of
natural materials," he says, including those that
make up the teeth of pink sea urchins.
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