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Walking bare foot is obviously the most natural form of
human locomotion and from an orthopaedic aspect would
be the preferred one. However, for most of us, it is too
uncomfortable to walk on ice and snow without shoes.
Beside statements of fashion, shoes have an important
protective function to fulfil. The higher the potential
negative influences such as heat, cold and mechanical
impact, the thicker the upper and sole generally become
and, as a consequence, the stiffer the shoe. 

The opposite of stiffness is usually referred to as ‘flexibility’
which, in turn, means less resistance by the shoe during the
flexing phases of walking or running. Although it is ultimately a
matter of personal choice for the wearer, a shoe should generally
offer as much protection as is needed and as much flexibility as
is possible.

It is commonly accepted that sports shoes and children’s
footwear should be very flexible. But, what makes a shoe
flexible and how can we measure that flexibility? A work boot
for example can be very flexible in regard to the degree of
protection it offers even though the measured resistance
against bending and torsion is much higher than that of a
running shoe. 

To find out more about shoe flexibility, PFI is currently carrying
out a research project supported by the German Federal Ministry
of Economics and Technology. One of the aims of this is to
develop a method and device to quantitatively determine
flexibility. Others involve gathering flexibility data of different
footwear groups, constructions and materials, and to compare
different methods of measuring flexibility such as bending angle
and two-point bending.

An important factor in comfort is to keep the bending forces
low during the flexing phase while walking. Good designers
achieve this by providing a flexing zone around the ball line of a
shoe. Since the ball line is not always at the same position on
different people’s feet, it is necessary to consider the bending ➤
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Figure 1: Shoes with poor and well-placed flexing lines

Figure 2: Device for measuring bending flexibility
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area of both the upper and the sole as a zone rather than just a
single well-determined line. 

Figure 1 illustrates why a shoe with poorly-placed flex lines
reacts very stiffly in mechanical terms compared to one with
well-placed flex lines. This situation can be found on shoes with
very stiff soles and just one distinct flex line where there is also
a reduction in sole thickness.

Some manufacturers, such as Bata and MBT, deal with the
problem of bending forces on certain types of shoe rather
differently, by completely removing the flexing phase and
allowing the wearer’s foot to roll over the sole. For shoes like this
and for those with very high heels, measuring flexibility makes
little sense.

Figure 2 shows PFI’s newly-developed measuring device with
a shoe being measured for bending flexibility. This property is
determined by bending the shoe to a defined angle and at a pre-
determined angular velocity, and then measuring the torque. The
relationship between the torque and bending angle represents a
spring constant value if the torque grows lineally with the angle.
The reciprocal value is a measure of how flexible the shoe is. In
simple terms, the lower the torque needed to bend the shoe, the
lower the spring constant and, therefore, the greater the
flexibility. 

Figure 3 shows a typical bending curve on a child’s shoe. The
device stores the curves in more than one cycle so that the shoe’s
characteristics during multiple load cycles can be recorded and
reported. The different colours show the torque vs. angle curves
of different cycles.

Figure 4 shows how the quotient torque at maximum bending

Figure 3: Bending flexibility on a child’s shoe

Figure 4: Long-time-loading of bending flexibility

Figure 5: Measuring torsion flexibility

Figure 6: Torsional flexibility curves

Figure 7: Recovery behaviour
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angle straightens out to converge at a final value. After 10,000
cycles, the values change only marginally.  

For sports shoes in particular, torsional behaviour as well as
bending flexibility is important and this can also be determined

with the device. Figures 5 and 6 also show a shoe in the device
and the resultant recorded torsion torque vs. torsion angle
curves.

Figures 5 and 6 show that the flexibility becomes higher (i.e.
better) as the shoe is worn. If it is then allowed some time to
recover, it has been noted that flexibility behaviour in fact
recovers to the higher torque values of the initial cycles (Figure 7).

Do torsion and bending flexibility correlate? On many shoes
they do, but not on all. If, for example, a work boot with a stiff
sole reaches a good bending flexibility with a dedicated sole
bending structure such as a flexible bending joint, this
construction does not necessarily also work well in regard to
torsion.

It is well known that footwear has a significant impact on a
child’s foot growth. While fit is important, other physical factors
also help to determine functional development. It is therefore
little wonder that many manufacturers of children’s footwear
claim their shoes are flexible due to very soft soles or special
sole and upper designs. 

Figure 8 compares a shoe with a special flexing zone sole with
one which does not specifically claim to be flexible. In this case,
the graph shows that the non-specific shoe is in fact more
flexible than the one with the special flexing zone. Believing a
shoe to be flexible is one thing, measuring it is to be certain.

Figure 8: Flexibility of shoes labelled as being flexible
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