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The association of the tibia angle with braking forces during pole vaulting
Brendan Scott, Haley Miller, Jacob Svihovec, Lucy Elbers

Research Advisor: Dr. Matt Dewald

. 
1.   

There was no association between tibia angle and 

braking GRFs. A linear mixed effects model 

demonstrated a Beta of –1.71 and a p-value of 0.61. A 

95% confidence interval ranged from –8.32 to 6.40, 

indicating there was no statistical significance for our 

results.

Findings:

•No strong biomechanical  association between braking 

GRFs and tibia angle in pole vaulting

•Braking GRFs differed significantly between athletes

oSuggests kinematics do not fully represent kinetics

•Limitations:

•Small sample size

•Equipment and human measurement error

•Removed data points

•180 fps iPad Frame Rate

Applications:

• Avoid relying solely on tibial angle when evaluating pole 

vault technique

• Findings  don't account for differences in pole vaulters' skill 

and experience and may not apply  equally 

across  populations or experience levels

• Controlled study conditions may not capture variability in 

weather, runway surfaces, or competition environments

Conclusion 
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Results Background 

Clinical Relevance  

TAKE HOME MESSAGE: There was no association 

between braking GRFs and tibia angle during pole 

vaulting.

CLINICAL RELEVANCE: Clinicians should be cautious 

with only relying on tibia angle to examine injury risk and 

performance. Tibia angle is not associated with braking 

GRFs. Additional research is needed to see what 

variables are associated with it.

• Pole vaulting requires coordinated sprint mechanics with 

explosive force production during takeoff. 

• Ground reaction forces (GRFs) influence performance 

and injury risk. 

• Tibial angle describe the orientation of the tibia relative 

to vertical and is associated with braking force 

modulation and mechanical efficiency. 

• Studies indicate a more vertical tibia angle is associated 

with less braking GRFs and increased upward force 

production. 

• The relationship between tibial angle and GRFs during 

pole vault takeoff remains unclear.

• Purpose: To assess the association between tibia angle 

and braking ground reaction forces in pole vaulters.

Design: 

• Cross-sectional study.

Participants: 

• 7 University of South Dakota pole vaulters during the 

2026 track and field season. 

Inclusion: 

• Actively training and completing unmodified vaults.

Primary outcomes:

• Peak braking ground  reaction forces (GRFs)

• Measurement Tool: Bertec 4060-05 force plate.

• Tibial angle at take-off

• Measurement Tool: "Coach my Video" application 

oniPad

Statistical Methods:

• Linear mixed-effects model with random intercepts for 

subjects

• 95% confidence intervals were reported

Methods 

This graph shows individual data points (vaults) per 

participant and demonstrates high residual variance.
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