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The research story so far:  
Wheelchair racing as an exemplar
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- Athletics 

(Wheelchair racing)

- Muscle strength



- Some key muscle groups, positions and actions from published literature and 

some from expert opinion in Delphi study

Step 2: Develop model of 

determinants of sport performance



Step 3a

Theoretical foundations first….

Measures of impairment

- objective 

- reliable,

- Precise 

- Ratio scaled

- specific to the impairment of interest

- parsimonious

(ie, account for the greatest possible 

variance in

sports performance), 

- and, as far as possible, be resistant to 

the effects of training

Reviewed strength assessment literature 

for best available methods
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…then protocol 

development and 

evaluation

• Relevant to 

determinants of 

performance

• Assess reliability

• Assess relationship to 

body size

• Develop normative 

values



Step 3b: Develop measures of 

(determinants of) performance

Wheelchair racing

- Acceleration

- Top speed

- Custom built ergometers 

- Athletics Track 



Step 4: Assess the impairment-

performance relationship



Wheelchair performance

Isometric strength

Step 4: Assess the impairment-

performance relationship



Isometric strength 

measure

Performance Outcome 

Top-Speed (0-15m)

correlation

Top-Speed 

(Absolute) 

correlation

Strongest Forearm 

Pronation 
0.70* 0.79*

Weakest Forearm 

Pronation
0.70* 0.79*

Strongest Arm 

Extension
0.83* 0.88*

Weakest Arm 

Extension
0.81* 0.87*

Isolated Trunk 0.54* 0.61*

Arm+Trunk 0.73* 0.78*

Connick, M. J., Beckman, E., Vanlandewijck, Y., Malone, L., Blomqvist, S. and Tweedy, S. Novel isometric strength measures produce a valid and 

evidence-based classification structure for wheelchair track racing: A cluster analysis. British Journal of Sports Medicine

Step 4: Assess the impairment-

performance relationship
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Step 5: Determine minimum 

impairment criteria and class profiles



Results: Silhouette analysis of k-means 
cluster outcomes and current classes

• Silhouette analysis for k-means clusters was superior  to the 
current classes 

N=9

N=1

2

N=7

N=4 N=5

N=6

N=7

N=1

4

Mean 

Silhouette 

coefficient 

= 0.58 

(good)

Mean 

Silhouette 

coefficient 

= 0.32 

(weak)

k-means clusters Current classes



Implementation?

Responsibility?

What next?

16Presentation Title | Date | The University of Queensland



What else?

Based at the Australian Institute of Sport

“Towards evidence-based classification for runners with 

brain impairment in World Para Athletics”
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PhD Topic – Developing methods for detecting Intentional Misrepresentation in Strength testing

Intentional Misrepresentation
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Impact of training on measures

Do measures of impairment developed for the purposes of 

classifying Para swimmers change in response to 

performance focused swimming training? 



Training load

23

0

200

400

600

800

1000

1200

1400

0 5 10 15 20 25 30 35 40 45 50 55 60

R
P

E
 m

in
u
te

s

Week

A



3RM Chest press 

Dynamic Strength

Right upper limb 

isometric strength
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Impairment Specific training assessment 
tests

Beckman, E.M., Tweedy, S.M. (2009) Towards evidence-based classification in Paralympic athletics: evaluating the 

validity of activity limitation tests for use in classification of Paralympic running events. BJSM

Movement 
Characteristic

Criterion 
Activity

Test

Running Sidestep Test Countermovement 
Jump

Standing 

Broad 
Jump

Triple Hop 

for 
Distance

Four 

Bounds for 
Distance

10 m 

Speed 
Skip

Running 
in Place

Split 
Jumps

Static balance ✓ ✓ ✓ ✓

Dynamic balance ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Active range of movement ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Lower limb coordination ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Power ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Symmetry ✓ ✓ ✓ ✓ ✓ ✓ ✓

Whole body coordination ✓ ✓ ✓ ✓ ✓ ✓ ✓

These tests have been introduced into WPA classification for runners with Brain 

Impairments as of 2019. All athletes classified must undergo these tests



Impairment ISTATS Performance



Impairment Specific training assessment 
tests
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Thank you
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