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Letter to the Editor
Shaken baby syndrome: A flawed biomechanical analysis
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To the Editor,

We are gravely concerned that the conclusions reached by

Bandak [1] may be invalid due to apparent numerical errors in

his estimation of forces experienced in an infant neck during

vigorous shaking. More specifically, we have repeated the

author’s calculations and we find values of neck forces that are

actually more than 10 times lower than those presented in

Bandak’s Table 3.

Using the free body diagram of the infant head and neck

(Fig. 3), Bandak identified the two components of neck force

during rotation of the head—the tangential force F t and the

normal force Fn. Bandak described the basic equations for neck

forces during a simplified shaking event, but did not present

detailed methods for calculating the upper neck loads. We

define them here for completeness:

Ft ¼ mheadat ¼ mheadr
d2 u

d t2
(1)

Fn ¼ mhead

v2
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¼ mheadr

�
d u

d t

�2

(2)

where r is the length of the neck in meters, mhead the mass of the

head in kilograms, at the tangential linear head acceleration in

meters per second squared, d2u/dt2 the angular acceleration of

the head in radians per second squared, v the linear velocity of the

head in meters per second, and du/dt the angular velocity of the

head in radians per second.1 As Bandak pointed out, when Fn

reaches its maximum value, F t is at a minimum, so it would be

incorrect to sum or otherwise combine peak Fn and F t to estimate

peak neck forces. Yet, using the same angular acceleration and
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1 It is important to note that the equations for tangential and normal accel-

eration in Bandak’s methods and repeated in this letter do not account for chest

acceleration, and it is not known if the actual neck forces would be higher or

lower if chest acceleration were considered.
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velocity values Bandak reported from the literature, we calculate

forces 10 times lower than those presented in Bandak’s Table 3.

For example, to calculate neck forces for the most severe

shaking event reported in Bandak’s Table 3, we used the largest

angular acceleration and angular velocity values, the longest

neck length and the heaviest head mass provided in Table 3

(15,000 rad/s2, 150 rad/s, 6.35 cm, and 1.59 kg, respectively).

Substituting these values into Eqs. (1) and (2) above, we find

that normal force Fn exceeds the tangential force F t, and is

calculated as follows:

Fn;high ¼ mheadðrÞ
�

d u

d t

�2

¼ ð1:59 kgÞ
�

6:35 cm� 1 m

100 cm

��
150

rad

s

�2

¼ 2272 N

However, Bandak reported Fn,high at 35,931 N in Table 3, a

value 15.8 times higher than the correct value. Similarly, to

calculate forces for the least severe shaking event discussed by

Bandak, we used the minimum values of each parameter range

provided by Bandak’s Table 3 and calculated the lower range of

the normal force as:

Fn;low ¼ mheadðrÞ
�

d u
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�2

¼ ð0:68 kgÞ
�

3:81 cm� 1 m

100 cm

��
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rad

s

�2

¼ 65 N

The corresponding value reported by Bandak in Table 3 is

1027 N.

We repeated the force calculations for all values in Bandak’s

Table 3 and our attempts to reproduce these neck force

calculations consistently yield values that are at least 10 times

lower than those reported for shaking in Table 3 and Fig. 4 of

Bandak’s paper. While in some cases the error appears to be a

failure to include the neck length, there is no single, simple

explanation responsible for the errors that appear in every

value in Table 3. Also, Prange and Myers [2] analysis of the

same data yielded neck forces similar to what we have

calculated here.
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Based upon his flawed calculations, Bandak erroneously

concluded that the neck forces in even the least severe shaking

event far exceed the published injury tolerance of the infant

neck. However, when accurately calculated, the range of neck

forces is considerably lower, and includes values that are far

below the threshold for injury. In light of the numerical errors in

Bandak’s neck force estimations, we question the resolute tenor

of Bandak’s conclusions that neck injuries would occur in all

shaking events. Rather, we propose that a more appropriate

conclusion is that the possibility exists for neck injury to occur

during a severe shaking event without impact.
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