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Letter to the Editor

Most recent results in the biomechanics of the brain
Dear Sir,
I would like to draw your attention to the two newest

papers on the biomechanics of the brain published in the
first issue of Volume 37 of Journal of Biomechanics (Wu
et al., 2004; Brands et al., 2004).
In my opinion both papers provide important new

knowledge. However, I feel that a number of statements
require corrections and comments.
Wu et al. (2004) discuss the effects of friction on the

unconfined compression experiment results. As one of
the examples Wu et al. consider the unconfined
compression of brain tissues as discussed in Miller and
Chinzei (1997). Fig. 7a in Wu et al. (2004) is supposed to
show the experimental results obtained at the loading
speed corresponding to the strain rate of 0.64� 10�5 s�1,
given in Fig. 3c in Miller and Chinzei (1997), as
compared to computer simulation results. Unfortu-
nately, the scale on vertical axis in Fig. 7a in Wu et al.
(2004) is in kPa (which is incorrect—it should be in Pa)
giving a thousand-fold overestimation of the brain’s
stiffness. In Table 1, Wu et al. provide material
coefficients for Ogden-type constitutive model of brain
tissue, estimated based on the experimental results of
Miller and Chinzei (1997). The values for shear moduli
in Table 1 of Wu et al. (2004) are many orders of
magnitude too high. The correct values, estimated based
on the same experimental results (plus results in
extension), are given in Miller and Chinzei (2002).
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Brands et al. (2004) present a constitutive model of
brain tissue suitable for the analysis of high strain rate
phenomena, such as impact and injury. The model was
identified and tested based on shear experiments
conducted using plate–plate viscometer. The constitu-
tive law proposed is based on the polynomial (in strain
invariants) strain energy function. The authors note that
shear experiments cannot uniquely determine constants
multiplying the first and second strain invariants: C01

and C10, but only their sum (C01+C10). The objective is,
of course, to obtain a model of general applicability, so
that one requires additional assumption (or data) to
specify constants C01 and C10. Brands et al. (2004)
following Miller and Chinzei (1997) assume that the
constants are equal. This assumption is equivalent to
assuming the equality of the energy of reciprocal
deformation to that of the original one (see Mooney,
1940). This assumption was shown to be incorrect when
it was found that the brain stiffness in extension is much
lower than in compression and, consequently, the
assumption was abandoned (Miller and Chinzei, 2002).
Yours sincerely,
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