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Abst rac t 
There is a need in Physical Therapy 
Depar tments o f hospitals for an inexpensive 
ergometer wh ich can be used to gauge the 
improvement i n the physical performance o f a 
wheelchair occupant in his or her own chair. This 
technical note describes such a device. 

I n t roduc t ion 
I n response to a request from the staff o f the 

Physical Therapy Depar tment o f the Ralph K. 
Davies Rehabi l i ta t ion Center in the Frank l in 
Hosp i t a l , San Francisco, for an inexpensive 
ergometer for use by patients in their own 
wheelchairs, the authors of this article devised 
and made the device here described. 

T h e requi rement was for an ergometer which 
cou ld be used to make a quant i tat ive judgement 
o f the improvement w i t h t ime o f the power 
ou tpu t o f each pat ient whi le operat ing his or her 
wheelchair . T o prepare patients fo r the hi l ly 
te r ra in o f San Francisco, the fore and aft 
inc l ina t ion o f the chair whi le on the ergometer 
was to be variable so as to simulate operat ion on 
slopes ranging from 6° upwards to 6° downwards. 

O the r requi red features were continuous 
read-outs dur ing the test o f the equivalent 
distance t ravel led by the wheelchair, and of the 
pulse rate o f the pat ient. 

T h e mechanical system 
A t the f ron t o f the ergometer is a short steep 

r a m p (F ig. 1) up which the wheelchair must 
t rave l backwards, the aid o f an attendant usually 
be ing requ i red . The main wheels o f the chair 
come to rest between two pairs o f rol lers 15 cm (6 
i n ) i n d iameter , wh ich are mounted on two 

paral le l hor izonta l shafts supported on self-
a l igning ba l l bearings. The attendant locks the 
chair i n this posi t ion by clamping the castor 
wheels between two restraining bars and then 
t ightening w ing nuts wh ich ho ld the ends of these 
bars d o w n o n the ramp (F ig . 2) . 

W h e n the occupant o f the chair pushes 
f o rwa rd on the ma in wheels or their hand r ims, 
the rol lers and their support ing shafts rotate. 
T h e front shaft revolves freely in its bearings, 
and the ro ta t ion o f the rear shaft is resisted by a 
closed hydraul ic system consisting o f a reservoir, 
a p u m p and a regulator valve. By rotat ing the 
va lve, the resistance to the rotat ion o f the rollers 
can be var ied over a large range. 

T o save expense, the hydraul ic system f rom a 
commerc ia l exercise cycle was used in its 
ent i re ty . The dr ive from the rear rol ler shaft to 
the p u m p is by way o f a polyurethane t im ing belt 

Fig. 1. Front view of the ergometer. 



and a lumin ium sprockets. The gear rat io was 
chosen so that one complete revolut ion o f the 
wheelchair ma in wheels produces the same 
number o f revolut ions o f the pump axle as d id 
one complete revo lu t ion o f the bicycle pedals. 
Th is qu i te arb i t rary choice was un impor tant , as 
indeed was any cal ibrat ion o f the system, since 
the wheelchair ergometer is to be used only to 
compare the performance o f each pat ient w i th 
his o r her o w n performance on successive days. 
L ikewise i t was considered unnecessary to take 
any account o f the inert ia and resistance o f the 
ro l lers and thei r axles, and o f the addi t ional tyre 
resistance due to indentat ion by the rol lers. 

T h e fore and aft inc l inat ion o f the wheelchair 
may be var ied between the l imits ± 6° by altering 
the angle o f the ramp o n which the castor wheels 
rest. T h e ramp is hinged at its top edge, and a 
mechanical jack beneath the ramp enables the 
r a m p to be ro ta ted up about this edge. W h e n the 
r a m p is hor izon ta l , so is the wheelchair under 
test. T h e castor wheel lock ing device should be 
released f r o m the ramp whi le a change is made in 
the angle o f the ramp. T o make the ergometer 

more compact fo r storage purposes, the ramp 
can be raised past the vert ical , where i t rests 
against a s top, and the arm carrying the 
ins t rument display can be rotated inwards. 

T h e equivalent distance travel led by the 
wheelchair du r ing the test is determined by the 
ro ta t i on o f a small wheel wh ich rests on one o f 
the suppor t ing rol lers. Th is device was also part 
o f the exercise cycle equipment . 

The display console 
T h e hydraul ic system includes a gauge which 

registers the power ou tput o f the chair occupant 
i n the uni ts o f k i l opon metres per minute. Since a 
k i l o p o n is the weight o f a mass o f one k i logram, 
this power un i t is a gravity-dependent one; i t is 
approx imate ly equal t o 1/6 wat t . Because o f the 
in te rmi t ten t nature o f the ef for t appl ied to the 
wheels o f a chair by the occupant, the power 
gauge reading also pulsates; i t is easy, however, 
to observe the peak value o f the power at each 
s t roke , and this is a suitable measure for daily 
comparisons. T h e gauge o f the regulator valve 
carries marks l isted as '30,60,90,120,150 pedal 
revolut ions per m inu te ' ; the pointer o f the valve 
is tu rned to the number appropriate to the 
capacity o f the pat ient ; the smaller the number, 
the greater the resistance. 

T h e inst rument console gives a digi tal display 
o f the equivalent distance travel led by the 
wheelchai r , and o f the pulse rate o f the patient. 
T h e lat ter in fo rmat ion comes via a colour-
sensing l ight cel l wh ich is cupped to the ear lobe 
o f the pat ient , and is also part o f the exercise 
cycle equ ipment . 

Conclusion 
T h e wheelchair ergometer here described is 

very simple i n concept, and because i t is based on 
the hydraul ic and electrical components o f a 
commerc ia l exercise cycle i t is inexpensive. A 
final verdict o n its value must wait on the results 
o f a p rogramme o f pat ient testing by the hospital 
staff w h o are using i t , bu t i t appears promising 
enough to be repor ted at this stage. 

Fig. 2. Side view of the ergometer, ramp raised to 
horizontal position. 


