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CREATURE FEATURE: WOODPECKERS ARE PROS AT PROTECTING THEIR BRAINS

02/27/2015 - by Great Nature Project guest blogger - in Creature Feature, For Families, Main.

By Allie Miller and Jen Schill from the Biomimcry Institute

Given that there are more than 180 species of woodpeckers worldwide, in many parts of the world, the woodpecker’s
distinctive drumming is a familiar sound. These birds can peck at an astounding 8,000 to 12,000 pecks per day, and up to

20 pecks a second.

This male golden-fronted woodpecker was observed February 21, 2014, in Texas. Photo by Greg Lasley (CC BY-NC-3.0).
Submitted to the_Great Nature Project.

With all of that activity, you’d think Woody would end up with a headache. But this is far from the case. Instead, this bird
is a lean, mean, wood-pecking machine.

The golden-fronted woodpecker, for instance, has four adaptations designed to protect its noggin: a specialized beak,
just the right amount of brain fluid, and two special bones: one spongy, the other horseshoe-shaped.

The bird’s first line of defense, its beak, has two layers—a hard outer one and a flexible inner one. The outer layer acts
as a rigid shell, while the soft inner layer absorbs the blow of impact. Additionally, the upper beak is slightly longer than
the lower beak. This overbite sends the forces around the perimeter of the head rather than smack dab between the
eyes.

If vibrations make it past the beak, they encounter a spongy bone between the bird’s eyes that looks much like you
would think—a sponge! The air pockets in this bone help scatter forces, diluting the peck’s impact.

Vibrations that pass the spongy bone encounter a fluid-filled space between the bird’s skull and its brain. Since
vibrations don’t travel as well in liquids, the fluid dampens the impact. Too much fluid, however, gives the brain more
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room to slide around—increasing the potential for damage if the brain were to strike the skull wall. Compared to other
birds, the woodpecker has slightly less fluid in this space. This creates just the right balance of fluid to get the benefits of

vibration dampening, but ensures that the brain doesn’t slip and slide too much.

The last, and most sophisticated, line of defense is a long, flexible, horseshoe-shaped bone (the hyoid bone) that is

wrapped in muscle and supports the tongue as it collects food. This bone starts at the base of the beak, between the
woodpecker’s eyes. When vibrations in the beak intersect with the skull, the hyoid bone “collects” the forces, brings
them around the back of the skull, and deposits them back out through the tongue. It’s like a roller coaster for
vibrations.

How could engineers apply the woodpecker’s adaptations to human challenges? What about integrating a horseshoe-
shaped structure into a football helmet, or designing a car’s shock absorber or bumper to mimic the material
composition of the beak? It seems only natural that we’d use the woodpecker’s strategies to better protect our own
bodies.

And that’s a bird’s-eye view of how woodpeckers can drum all day without knockin’ their noggin!
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A Stronger Bike Helmet, Made of Cardboard and Inspired by a Woodpecker

by Adele Peters December 14, 2012

When Anirudha Surabhi was a grad student at the Royal College of Art in London, he was in a bike accident. Even though

it was a minor crash, and Surabhi was wearing an expensive helmet, the next day he learned that he had a concussion.
He spent three days in the hospital. He wondered why the helmet hadn’t worked—and decided to explore the problem
for his thesis project.

It turns out that bike helmets are not as safe as they’re portrayed to be. Over the last few decades, Surabhi says, some
helmets have gotten more aerodynamic and better-looking, but they haven’t gotten any better at protecting us from
injuries.

As he began working on his design, Surabhi looked at the anatomy of a woodpecker for inspiration. When a woodpecker
slams its beak into the trunk of a tree, the impact is cushioned by a special micro-structure between the beak and head.
By mirroring that structure—after testing 150 different materials—Surabhi was able to create a helmet that can
withstand three times greater impact than a standard helmet.
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Special cardboard ribs inside the helmet are designed for flexibility. The cardboard itself has a honeycomb structure
filled with air pockets to provide more cushioning. It’s stronger than a standard helmet liner, and lighter.

It’s also greener than the ubiquitous polystyrene foam liners. Foam, unsurprisingly, is not great for the environment; the
manufacturing process is a health hazard, and it also creates hazardous waste. It’s also more energy-intensive to
produce than cardboard. Surabhi used 100 percent recycled cardboard, which he says takes no electricity to produce at

all.

For the full design story, watch the video below. The helmet's in production now, and Core77 reports that the first U.S.
version of the helmet will be out next year through ABUS.

Images courtesy of Anirudha Surabhi
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This Woodpecker-Inspired Collar Could Protect Athletes from Concussion

Jennifer Quellette 6/21/16 8:30pm
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Last year, Chris Borland of the San Francisco 49ers announced he was quitting football because of the high risk of
concussion and long-term brain damage, despite protective helmets. And he’s not alone: it’s a growing concern,

particularly for teenaged athletes. But a new collar inspired by the humble woodpecker may help protect athletes from
such trauma in the future .

Co-invented by David Smith, the “Q Collar” creates a kind of bubble wrap around the brain. It was the subject of two
new studies published last week in Frontiers in Neurology and the British Journal of Sports Medicine, demonstrating

significant decreases in signs of brain trauma in high school football and hockey players.

More than 60 percent of NFL players have had at least one concussion, and may suffer long-term brain damage as a
result. Helmets protect them from skull fractures, but do very little to stave off concussion and related brain trauma,
because that extra padding just increases the inertia, according to Greg Myer of the Cincinnati Children’s Hospital, lead
author on the two new studies. That makes injury more likely, because the brain can slosh around inside the skull cavity,
potentially damaging brain tissue and vital neural connections.

Smith was working on improving helmets used by the military when he came across several studies concerning the
woodpecker and realized they might hold the secret to preventing concussions. Woodpeckers can hammer away at
trees as much as 12,000 times a day during mating season, 18-22 times per second. And those sudden sharp blows can
pack quite a wallop, boasting a deceleration force of 1200 g’s. (The more slowly you decelerate, the more the energy is
dissipated over a longer period of time, and the less the impact, per every high school physics class ever.)

Field Museum of Natural History/Digimorph

Yet they don’t suffer concussions because their heads serve as natural shock absorbers. Past studies involving CT scans
showed that woodpeckers have thick muscles, spongy bones, and a third inner eyelid, all of which combine with the
cerebrospinal fluid to help absorb the impact of all that frenzied pecking.

Woodpeckers also have a long tongue that can wrap around the head and pinch the jugular vein. This actually increases
blood volume in the skull, creating a protective cushion—adding extra padding on the inside rather than outside of the
skull.

The mechanics of that unusual tongue reminded Smith of an old military diagnostic test for spinal damage from the
1920s, whereby doctors would pinch the jugular vein of a patient to see if it created a corresponding increase in
pressure further down the spinal column. If it didn’t, this was strong evidence of spinal injury.
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Smith was sure he was onto something and began emailing Myer about his hypothesis. Myer admitted he was skeptical
at first—"“It is crazy sounding!” he told Gizmodo—but then he realized it made perfect sense from a physics perspective.
And there was a way to test Smith’s idea, inspired by another animal that seems to have a natural protection from head-
injury: head-ramming sheep, who migrate to higher altitudes.

Smith and Myer looked up all the data on head injuries among high school and professional football players and sorted it
by the altitude of the various stadiums. They found a 30 percent decrease in concussion for high school players and a 32
percent reduction for NFL players at higher altitudes. Ironically, Denver—the so-called Mile High City—didn’t have the
lowest rates of concussion. Myer said it’s because visiting players actually take supplemental oxygen between plays,
reducing the positive protective effects of high altitude.
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But how could they mimic this effect in an actual device? That’s where a company called Q30 Innovations comes in.
There had been prior studies with rats wearing collar devices that showed significant protective benefits to the brain.
That’s what led to the design of the Q Collar, a C-shaped device that fits around the neck.

The Q collar gently clamps down on the jugular vein, putting a “kink in the hose” to increase the amount of blood in the
brain. So there is less room for the brain to slosh around, and less risk of traumatic brain injury. The effect is similar to
padding the brain on the inside with bubble wrap.

It sounds a bit alarming, frankly—how can pressing on the jugular of athletes during games possibly be good for you?
But Myer has spent the last several years making sure it’s a safe approach. “Basically, you’re putting a kink in the hose
on the outflow,” said Myer. “That creates a backfill in the brain and increases the blood volume. We’re trying to mimic
the same physiology as when we’re lying down. That’s a physiology we experience nearly eight hours every day.”

“Basically, you’re putting a kink in the hose on the outflow.”

But does it work? The two new studies published last week suggest it does. One followed hockey players, while the
other followed high school football players, monitoring head impacts with sensors attached to the helmets. The players’
brains were scanned before and after the season using diffusion tensor imaging, a form of MRI, to look for structural

markers of damage to the brain’s white matter. Players who wore the collar showed no significant signs of brain injury,
compared to players who did not wear the collar.

More research is needed before the Q Collar can seek approval from the Food and Drug Administration. But one day
soon it could change not only how we protect athletes from injury, but also how we design car seats and seat belts. “I
think this is a paradigm shift,” said Myer. “It has a lot of implications beyond sports.”
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