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Physical strain, work capacity and mechanisms 
of restoration of mobility in the rehabilitation of 

individuals with spinal cord injury (SCI)?
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Spinal cord injury?
•Primary impairments: motor, sensory & 

autonomic

•150-300 pat/yr; male, young

•Netherlands: 12.000 

•+/- Life expectancy 

•Specialized Units

•80% wheelchair dependent

•Leg >> arm work

•Inactive lifestyle?!

•Secondary impairments

=> Infections; decubitus, osteoporosis

=> CVD & Overuse MSS=>Restoration of mobility  =>Restoration of mobility  =>Restoration of mobility  =>Restoration of mobility  in rehab?in rehab?in rehab?in rehab? 4

• Upper body/Arm work
– Loss of Function: Small muscle mass, not well trained

– Complex & vulnerable upper body musculoskeletal system

• SCI
– Incomplete motor system & autonomic disturbances 

• (Highly) repetitive mechanical & cardio-resp stress
wheelchair use & ADL => inactivity….overuse?

– Inefficient hand rim propulsion mechanism

– Stress � Strain ���� Work Capacity !

⇒Rehabilitation

⇒Prevention 

⇒secondary impairments 

⇒vicious circle 

SCI Restoration of Mobility: key-problems?

Van den Berg-Emons et al, 08

The (In)Activity paradigm: adaptations to (dis/non-)use

P de Groot et al, 2006a,b 0
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Low fitness in SCI?!
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Fitness: Peak wheelchair exercise test
Mlwin outcome (n=125)
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Haisma ea, 08 & Dallmeijer ea 05

•t1-t2 > t2-t3

•peripheral limitations? 

•Level & completeness; age, gender; decubitus

•Change %POmax>>%VO2>%MMT
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Fitness: Upper body muscle strength
Mlwin outcome
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Haisma ea, 2008

(n=164; n=106)
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Person and lesion related factors

age gender level completeness

peak power 
output 

↓ ♀ ↓ TP ↓ =

change in PO ↓ ♀ ↓ = =

peak oxygen 
uptake

= ♀ ↓ TP ↓ =

change in VO2 = ♀ ↓
TP ↓

=

Haisma ea, 2008
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10Van Koppenhagen et al, in preparation (N=128) Similar trends:•FIM•Wheelchair efficiency & skill
nsns P<0.05P<0.05

SCI-rehabHow much therapy do we give? 
Van Langeveld et al 2011Optimal intensity,freq,duration,form? Guideline? -10
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The effects on VO2peak (L) and POpeak (R) between different training studies & methods

Square symbols are studies including subjects with TSI<1yr and diamond symbols are studies with TSI>1yr.  Filled symbols are 
studies of an acceptable quality and open symbols are studies of a lower quality. Results in studies of Taylor et al, Davis et al and 

Dallmeijer et al. are corrected for changes in a control group.Systematic review: Valent ea 2006, also see: Devillard ea 2007, Hicks et al 2011Systematic review: Valent ea 2006, also see: Devillard ea 2007, Hicks et al 2011Systematic review: Valent ea 2006, also see: Devillard ea 2007, Hicks et al 2011Systematic review: Valent ea 2006, also see: Devillard ea 2007, Hicks et al 2011

Training effects in chronic SCI ?Training effects in chronic SCI ?Training effects in chronic SCI ?Training effects in chronic SCI ?Oxygen UptakeOxygen UptakeOxygen UptakeOxygen Uptake Power OutputPower OutputPower OutputPower Output
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Martin Ginnis et al 2011: evidence-informed PA guidelines

Low-intensity exercise?!
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From Research to Rehab: patient monitoring?

• Implementation limited # of measurements in rehab

• Pre-/post tests & form, intensity, freq, duration

• Individual treatment process 

• Reference database

• Treatment strategy

• Develop guidelines

• Continuous Support 

of professionals +

Multidisciplinary discussion

Multicenter collaboration
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NETWERK:  HERSTEL VAN MOBILITEIT  VAN PERSONEN 

MET EEN DWARSLAESIE TIJDENS REVALIDATIE
Research Network 

‘Restoration of mobility in SCI rehabilitation ’
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Beatrixoord • De Hoogstraat • Heliomare • Het Roessingh • Hoensbroeck • RCA • Rijndam • Sint Maartenskliniek

Faculteit der Bewegingswetenschappen, Instituut voor Fundamentele en Klinische Bewegingswetenschappen,  VU Amsterdam
iRv, Kenniscentrum voor Revalidatie en Handicap, Hoensbroek • Afdeling Fysiologie, Universitair Medisch Centrum Nijmegen

Roessingh Research and Development, Enschede • Erasmus Medisch Centrum, Rotterdam

Thank you for your attention!
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