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for the avoidance of head impact injury by
woodpeckers. Their work, entitled "Comparative
study of the mechanical properties, micro-structure,
and composition of the cranial and beak bones of
the great spotted woodpecker and the lark bird",
was published in SCIENCE CHINA Life Sciences,
2011, Vol. 54 (11).
Head injury, caused by a sudden impact or by a
change in the linear or angular velocity of the head,
is a leading cause of morbidity and death in both
industrialized and developing countries. It is
estimated that brain injuries account for 15% of the
overall burden of fatalities and disabilities and are
the leading cause of death in young adults.
These are SEM images of the cranial bone and beak
Woodpeckers clearly are adapted to managing
bone of the great spotted woodpecker and the lark
Cranial bone of (a) woodpecker and (b) lark; beak of (c) impact forces, allowing them to peck rapidly without
woodpecker and (d) lark. Credit: © Science China Press incurring brain or eye injury. This ability has
attracted wide attention not only by ornithologists
and biologists but also by researchers in the
mechanical and electronic sciences. Previous
studies suggested that impact injury to the brain
Woodpeckers do not experience head injury
might be avoided by powerful muscles, or by drilling
despite repeated high-speed impacts during
behavior, or by a special orientation of the brain
pecking at 6-7 m/s and decelerations up to 1,000
within the skull compared with humans. However,
g. This biomechanical analysis of woodpecker
there have been few systematic analyses of the
cranial structures sheds light on the stresses
properties of woodpecker's skull. Therefore, to
associated with woodpecker pecking and may
understand how woodpeckers are adapted to
inspire new approaches to the prevention and
pecking at high-speeds and frequency, the group
treatment of human head injury.
carried out a comparative study of the mechanical
properties, microstructure and composition of the
The bio-mechanisms of the woodpecker's
resistance to head impact injury are an interesting cranial bone and beak of this bird, which represent
remarkable examples of nanofabrication and selfscientific question. Professor FAN Yubo and his
assembly, perfected by natural evolution over
group from the Key Laboratory for Biomechanics
and Mechanobiology of the Ministry of Education, millions of years.
School of Biological Science and Medical
Engineering, Beihang University, and the School of The ultimate strength of woodpecker's cranial bone
was found to be markedly higher than that of the
Materials Science and Engineering, Wuhan
lark. In contrast, there was no significant difference
University of Technology, set out to study this
problem. After 3 years of innovative research, they between the two birds in the ultimate strengths of
are making progress in uncovering the explanation their beaks. More plate-like spongy bone was
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present in the cranial bone of the woodpecker, while
the cranium of the lark contained more rod-like
structures. It appears that the mechanical
properties and microstructure are closely linked.
The larger number of plate-like structures, greater
thickness and numbers of trabeculae, and the
closer spacing between individual trabeculae in the
woodpecker cranial bone would tend to resist
deformation during pecking, which would decrease
the stress on the brain. Conversely, the greater
quantity of rod-like structures and thinner
trabeculae of the woodpecker's beak would lead to
greater deformation during impact. As the impact
load is absorbed and distributed primarily by the
beak, its transmission to the brain would be
decreased. Together these parameters combine to
produce quite similar ultimate strengths of the
beaks of the woodpecker and the lark.
It was concluded that, compared with the lark, the
cranial bone of the woodpecker achieves a higher
ultimate strength and resistance to impact injury as
a result of its unique microstructure, including more
plate-like trabecular bone, greater thickness,
greater numbers and closer spacing of trabeculae,
and a higher proportion of bone mineral. These
distinctive mechanical and structural properties,
and compositions, of the cranial and beak bones of
the woodpecker provide excellent resistance to
head impact injury at a high speed and
deceleration. Such information may perhaps inspire
the design and optimization of protective headgear
for humans.
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