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Eligible impairments in para-cycling

• Impaired muscle power (e.g. spinal cord injury, post-polio syndrome)
• Impaired passive Range of Movement (i.e. congenital or traumatic) 
• Limb deficiency (e.g. traumatic amputation)
• Leg length difference
• Hypertonia (e.g. cerebral palsy, traumatic brain injury)
• Ataxia (cerebellar only; e.g. cerebral palsy, multiple sclerosis)
• Athetosis (athetosis, chorea, dyskinesia; e.g. cerebral palsy, traumatic brain injury)
• Vision impairment 



Non-Eligible

• Pain
• Hypermobility of joints or joint instability
• Impaired cardiovascular or respiratory functions
• Impaired metabolic functions

• Altered physiological function such as impaired sympathetic innervation of the heart and 
temperature regulation in athletes with tetraplegia



Athlete evaluation

1. Anamnesis

2. Physical examination

3. Technical observation

4. Observation during competition
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H5H1 H2 H4H3
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++ Arm flexion

Arm Strength Grip Strength Trunk Strength

Impaired muscle power 



Case

Johan is a professional sitting volleyball player. However, in 
the last few years he started to be involved in para-cycling as 
well (on a recreational level). 

He is interested in competing in para-cycling and comes in 
for classification. 

He has a double above-knee amputation. His arm-hand 
function, trunk function and hip-leg connection are intact.

In which class will Johan be competing?
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Case

Five years ago, Pieter broke his neck during a dive in shallow water. Since then, he 
has a motor complete C6 spinal cord injury. He uses a wheelchair with an 
attachable handbike for daily mobility. 

Hand function: bilateral loss of handgrip.
Arm function: strong deltoid and biceps (MMT 4-5/5) but weak triceps (MMT 1/5)
Trunk function: complete loss of trunk stability.
Lower limb function: complete loss of lower limb function.

In which class will Pieter be competing?
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Do these five sport classes present five different levels of performance?

We don’t know?
Lack of scientific evidence behind the current classification system.

• All time trial results (average velocity) from 2014 to 2019 (N=1807) were investigated.
• Data from 4 World Championships, 15 World Cups, and 1 Paralympic Games.

• Multi-level regression models
Correction for:
• age, sex, event distance
• country socioeconomic development
• independent or national representation



All classes different velocities? Or overlap?

• H1 & H2 sign different (medium effect)
• H2 & H3 sign different (medium effect)
• H3 & H4 sign different (small effect)
• H4 & H5 not sign different

Muchaxo REA, de Groot S, van der Woude LHV, Janssen TWJ, Nooijen C. Do Handcycling Time-Trial Velocities 
Achieved by Para-Cycling Athletes Vary Across Handcycling Classes? Adapt Phys Activ Q. 2020 Oct 6;37(4):461-480.
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Trunk involvement in recumbent handcycling?

• World Cup & World Championship 2018 (N=29 H3 & H4 athletes)
• Trunk flexion strength in N
• Trunk flexion, rotation and extension & sitting balance with MMT 

Muchaxo R, De Groot S, Kouwijzer I, Van Der Woude L, Janssen T, Nooijen CFJ. A Role for Trunk Function in Elite 
Recumbent Handcycling Performance? J Sports Sci. 2021 Oct;39(20):2312-2321.
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Trunk involvement in recumbent handcycling? A second study

• Time trial results (average velocity) from 2014 to 2020 (N=528) were investigated for H3 and H4 
athletes.

Athletes were grouped based on lesion level:
• Th1-Th5 (no trunk function)
• Th6-Th9 (only (part of) upper abdominals)
• Th10-L1 (also (part of) lower abdominals)
• ≤ L2 (full trunk function)

• Multi-level regression models
Correction for:
• age, sex, event distance
• Motor completeness of SCI

Muchaxo R, De Groot S, Kouwijzer I, Van Der Woude L, Janssen T, Nooijen CFJ. A Role for Trunk Function in Elite 
Recumbent Handcycling Performance? J Sports Sci. 2021 Oct;39(20):2312-2321.



Trunk involvement in recumbent handcycling? A second study

All levels of trunk function different velocities? Or overlap?
• Th1-Th5 & Th6-Th9 non-sign difference (very small effect)
• Th1-Th5 & Th10-L1 non-sign difference (very small effect)
• Th1-Th5 & ≤ L2 non-sign difference (very small effect)

• Th6-Th9 & Th10-L1 non-sign difference (very small effect)
• Th6-Th9 & ≤ L2 non-sign difference (very small effect)

• Th10-L1 & ≤ L2 non-sign difference (very small effect)

• Overall conclusion: limited role for (isolated) trunk function in recumbent handcycling

Muchaxo R, De Groot S, Kouwijzer I, Van Der Woude L, Janssen T, Nooijen CFJ. A Role for Trunk Function in Elite 
Recumbent Handcycling Performance? J Sports Sci. 2021 Oct;39(20):2312-2321.
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Case

Three years ago, John had a mountainbike accident where he injured his spine and spinal 
cord. During surgery, vertebrae T10 to T12 were fixated. Since then, he has a motor 
incomplete spinal cord injury T11. He uses a wheelchair for daily mobility but has some 
partial leg function. 

Arm-hand function: intact.
Trunk flexion: almost normal (MMT 4/5).
Trunk extension: impaired, but able to lift against gravity (MMT 3/5).
Knee extension: against gravity and partial resistance (MMT 3-4/5) for left and right leg. 
Hip extension: weak (MMT 1-2/5) for left and right leg. 

John is a typical H4 athlete. Do you think that John has an advantage of his partial
leg function compared to athletes who have no leg function in the H4 class?
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Lower limb function?

• World Cup & World Championship 2019 (N=62) 
• Lower limb function (hip flexion, hip extension and knee extension) with MMT
• Athletes grouped based on muscle strength in their lower limbs (LLF N=21, no-LLF N=41)

Muchaxo REA, Kouwijzer I, van der Woude LHV, Janssen TWJ, Nooijen CFJ, de Groot S. The impact of lower-limb 
function on upper-limb pull and push strength in elite handcycling athletes. Sports Biomech. 2023 Aug 17:1-15.
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Case

John is a typical H4 athlete. Do you think that John has an advantage of his partial
leg function compared to athletes who have no leg function in the H4 class?

Answer: yes, likely he has an advantage



Implementation of these findings in the classification system?

• The UCI can only make major rule changes after each Paralympic Games (every 4 years). 
• Implementing research findings into classification systems is a challenging process.

• To aid this process, a Delphi study was conducted.
• Investigate consensus in an expert panel, regarding statements on recent scientific findings and their 

implications for handcycling classification. 

Methods
Three rounds of online questionnaires were sent to an international panel (n = 53) consisting of para-cyclists, para-
cycling coaches and team managers, classifiers, and researchers within para-sport or paralympic classification.



Delphi study

Questionnaire with for each round 2 sections 
with 7 topics each.

For each topic, a summary of recent findings 
from published and unpublished data were 
presented. 

Answer options: Agree; Disagree; Not able to 
answer. With open text box. 

75% agreement was set as consensus.



Example: trunk function

First round: no consensus. 



Example: trunk function

Second round: no consensus. 



Example: trunk function

Third round: 90% agreement.

Third round: 95% agreement.



Delphi study

Hopefully, the results of Rafael’s thesis, 
together with the consensus of the expert 
panel on each topic, will aid in the further 
development of the para-cycling classification 
system.

We hope that para-cycling classification 
research will be continued in the next years 
to further develop the current classification 
system and to make evidence-based changes 
in the future, if necessary. 



Thank you for your attention

Questions?

Ingrid Kouwijzer 
i.kouwijzer@vu.nl

mailto:i.Kouwijzer@vu.nl

