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Overall Objective

Accurately and reliably measure on-ice reaction forces during figure skating jumps and throws

Rational

Over 70% elite singles skaters reported overuse injuries1  
• Most common: stress fractures, jumper’s knee, Osgood-Schlatter disease

Little data is available on loading rates or impact forces acting on skaters
• On-ice accelerometer data suggests tibial acceleration averages 56 g during jump landings2
• On–ice force from plantar pressure system suggest increased force with higher revolutions, with peak forces 

greater than 6x BW3
• In-lab simulated landings have reported peak vertical forces of 3.5 to 5 x BW4,5

Purpose: To validate an instrumented figure skating blade as a method of measuring forces during on-ice figure 
skating landings.

Our goals are to ensure that the instrumented blade:

1. Is a practical method to measure force
2. Does not interfere with a skater during jumping
3. Accurately measures vertical and horizontal forces during landings
4. Holds its validity between different skaters on different days

For more information: contact Cody Stahl, cstahl1@ithaca.edu
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Figure 2. Drop landing from  0.33m from Subject 7. Calibration used based on Subject 5 
warm blade data. The correlation between the blade and force plate forces for this landing 
was .916.

RESULTS

METHODS

DISCUSSION & PROGRESS TO DATE
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• The custom instrumented blade is a valid tool for measuring peak forces and impulse during landings. 

• The gain of the data sampling card mounted on the blade used in this study was 600ohms, which 
made it difficult to detect small horizontal forces.

• On the blade used to date, the gain on the data sampling card mounted on the SMART BLADE has 
been decreased to 50ohms.  Doing so has allowed the card to pick up the smaller horizontal forces 
more clearly and with less noise.

• The Labvvew software now computes the horizontal peak forces and impulse as well for the blade and 
force plate data. 

Table 1.
Averages of Blade and Force Plate Data

Note. * denotes a significance of p <.05

ABSTRACT

BACKGROUND & PURPOSE

Figure 1. Drop landing from 0.25m from Subject 5. Calibration used from Subject 5 warm 
blade data. The correlation between the blade forces and force plate forces for this landing 
was .913.  

• Seven subjects performed (Age: 21.3±2.8 yrs., Ht: 166.9±2.5 cm, Mass: 64.7±7.9 
kg) performed 20 landings each onto artificial ice while landing on the instrumented 
blade from heights of 0.175m, 0.25m, and 0.33m, and also waltz jumps from 0.25m 
and 0.33m

• A custom instrumented blade calibrated to measure  forces in Newtons (N) was 
used to measure impact forces (1000Hz) during landings. 

• These forces were compared to forces obtained while subjects landed on AMTI force plates located un-
derneath the artificial ice surface. Boot angle (250Hz) and force plate data (1000Hz) were collected us-
ing Vicon Nexus 

• Custom LabVIEW programs were used to determine peak force, loading rate, impulse, and the correla-
tion between the blade force data and the force plate data. 

• Paired T-tests were used to compare peak force, loading rate, and impulse between the blade and 
force plate data. Alpha = 0.05. 

-200
0

200
400
600
800

1000
1200
1400
1600

0 0.1 0.2 0.3 0.4 0.5
Ve

rti
ca

l F
or

ce
 (N

)
Time (s)

Warm Blade

Blade
Force Plate

Peak	Force	(N) LR	to	Peak	(N/ms)	* Impulse	(Ns)

Blade 1353.7	± 352.2 28.88	± 22.8	 44.99	± 22.2

Force	Plate 1361.2	± 309.7 9.77	± 7.5 48.1	± 17.7

Competitive figure skating requires a vast amount of athleticism with an artistic touch. Skaters spend hours each day on-ice mastering jumps, spins, and footwork.  The 
high workload may be related to overuse injuries, which are very common in figure skating, especially at the elite level. To better understand the relationships between on 
ice training and injuries, it is important to understand the loading patterns acting on skaters.  Purpose: To validate an instrumented figure skating blade that is designed to 
measure impact forces while skating. Methods: Seven subjects (Age: 21.3±2.8 yrs., Ht: 166.9±2.5 cm, Mass: 64.7±7.9 kg) performed 20 landings each onto artificial ice 
while landing on the instrumented blade from heights of 17.5cm, 25cm, and 33cm. A custom instrumented blade calibrated to measure forces in Newtons (N) was used 
to measure impact forces (1000Hz) during landings. These forces were compared to forces obtained while subjects landed on AMTI force plates located underneath the 
artificial ice surface. Boot angle (250Hz) and force plate data (1000Hz) were collected using Vicon Nexus. Custom LabVIEW programs were used to determine peak force, 
loading rate, impulse, and the correlation between the blade force data and the force plate data. Paired T-tests were used to compare peak force, loading rate, and impulse 
between the blade and force plate data. Alpha = 0.05. Results: Correlations between the blade force data and force plate data were good to excellent: mean r (±SD) = .86 
± 0.08. No significant differences were found for peak force and impulse between the blade and force plate data.  Peak force means (±SD) were 1353.7 ± 352.2 N for the 
blade and 1361.2 ± 309.7 N for the force plate (p=.86). The means (±SD) for impulse were 44.99 ± 21.2 Ns for the blade and 48.1 ± 17.7 Ns for the force plate (p=.125). 
Loading rate, calculated from impact to time of peak force, was significantly higher (p = 0.0004) for the blade data (28.88 ± 22.8 N/ms) as compared to the force plate 
data (9.77 ± 7.5 N/ms). Conclusion: The custom instrumented blade is a valid tool for measuring peak forces and impulse during landings. Current research is focused on 
increasing the gain of the instrumented blade to improve loading rate accuracy.
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