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Abstract

The biomechanical relationship between gait pattern and sprint performance
was investigated in an elite skeleton athlete. The athlete, who was found
to have deficits in push-off power at the start of the sprint, showed rota-
tion of the right heel in slow-motion recordings of the start process. A high-
resolution pressure measurement plate served as an experimental platform
for further analysis. Additional video analyses provided a comprehensive
picture of the biomechanical processes. Gait analyses revealed significant
differences in pressure distribution between the left and right feet. It also
became clear that, as a result of the outward rotation, the big toe had almost
no contact with the ground, which led to a lack of power development. In re-
sponse to the video and pressure plate examinations, the shoe was adjusted
and the training program adapted accordingly. The increase in starting speed
was very impressive.
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Figure 1: Start phase
of a skeleton race.
Source: BSD/Viesturs
Lacis.



Introduction

The start in skeleton racing is not just
a prelude, but a measurable determi-
nant of the overall time: a tenth of a
second ahead or behind triples at the
finish line. For example, if you start
on the Winterberg bobsleigh track
in 4.99 seconds instead of 5.00 sec-
onds, the running time is reduced by
three hundredths of a second, which
is decisive for victory given the very
strong international competition. Un-
like in athletics [1-5], there are hardly
any scientific analyses of sprinting
and asymmetries in sprinting in sled
sports (bobsleigh and skeleton).

Test Setup

A 2 m long and 60 cm wide pres-
sure measurement plate (molibso dy-
neos 2) was used for the standing and
gait analysis, with 15,360 capacitive
force sensors integrated into its sur-
face. The forces are read in real time
and presented to the operator on the
screen as precise pressure informa-
tion. After 10 seconds, the measure-
ment is complete and a comprehen-
sive picture with up to 64 individual
parameters of the biomechanical pro-
cesses during walking is available.

Standing and Gait Analy-
SIS

A standing analysis was performed at
the beginning of the measurement,
see Fig. 2. Due to the very high res-
olution of the pressure measurement
plate, approximately 1,200 sensors
were activated in the tread area. This
allowed details such as the pressure
pattern of individual toes to be re-
solved. In the subsequent gait anal-
ysis, see Fig. 3, the test person was
sent over the plate several times. All
pressure patterns left behind were
averaged and the course of the cen-
ter of pressure was indicated by dot-
ted lines. The wider the individual
gait lines scatter, the more uneven
the walk across the plate.

Boot Fitting

The first step was to adjust the run-
ning shoes. In bobsleigh and skeleton

sports, running shoes (also known as
spikes) are a crucial piece of equip-
ment that has been specially devel-
oped for sprint starts. Their design
differs significantly from conventional
running shoes and is optimally tai-
lored to short, explosive starts on ice.
The upper material is lightweight and
close-fitting, often made of synthetic
materials or imitation leather. It pro-
vides lateral support to hold the foot
in place. The sole is stiff in the mid-
foot for optimal power transfer. It
is flat and thin to ensure a direct
feel for the ice and enable a highly
dynamic running motion. Very fine
metal spikes are embedded in the
shoes for traction on the ice, usually
250 to 300 per shoe.
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Training Adjustments

A special training plan was devel-
oped and implemented in collabora-
tion with the athlete’s physiothera-
pist prior to the biomechanical tests.
The highly intuitive results of the
pressure plate tests acted as a cat-
alyst for this intervention. Biome-
chanically correct rolling movements
resulted in a significantly more eco-
nomical sprinting pattern, which also
significantly reduced the risk of in-
jury, especially to the foot and ankle.
Parallel to the optimization of tech-
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Figure 2:
analysis.

Standing

Figure 3: Gait anal-
ysis. The lines mark
the average gait line,
calculated from the
individual contacts
during movement.



nique, specific drills were used to re-
duce heel initiation in favor of big toe
rolling in the long term, so that even
without insoles, the desired rolling
pattern was more pronounced. Dur-
ing the very first training session with
the customized insoles, the coach no-
ticed a significant increase in acceler-
ation. Measurement data confirmed
this impression: the 30 m sprint time
was reduced by 0.05s-0.10 s.

Conclusions

Features of the sprinting move-
ment that could not be identified
by visual means were revealed by
high-resolution and dynamic pressure
plate tests. Special shoe and training
adjustments significantly mitigated
the factors that reduced propulsive
force. The litmus test will take place
when the athlete has to prove himself

in the upcoming races.
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