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INTRODUCTION 

According to the World Health Organization (WHO), an estimated 75 million people with spinal cord injury, 
cerebral palsy and similar diagnoses around the world need wheelchairs for mobility, independence and social 
participation. [1] While wheelchairs play a significant role in the lives of people with disabilities, they are known to 
breakdown frequently. More than 50% of wheelchairs suffer a breakdown every ~6 months in urban settings and 
every ~3 months in the adverse environments in rural areas and low- and middle-income countries (LMICs). [2-4] 
One-third of these breakdowns result in consequences for wheelchair users including injuries, depression, and 
loss of access to work and/or school. [2] Without a functional wheelchair, the user may have to stay in bed and is 
vulnerable to development of pressure sores as found in a recent study. [4] Pressure sores are associated with an 
increased risk of mortality. [5,6] 

Of all failures reported for wheelchair parts, nearly one-third are caster failures. [7-9] The pressure to control 
selling price often leads to selection of low-cost, substandard casters that experience different failure modes 
including locked and missing bearings, damaged bolts, fractured wheels and forks, worn-out tires and missing 
fasteners. [9] Stem and axle bearings are subjected to rapid fatigue and stress as wheelchairs are exposed to 
corrosion, shocks, high temperatures and dirt during use. Bearing fractures can lead to a cascade of high-risk 
failures with caster stems bolts and forks as they experience stresses higher than the ultimate tensile strength of 
their materials. Recent wheelchair failure data collection studies have found that caster stem bearings fracture 
within 2 years of use in adverse environments. [10] Similar bearing models have failed with the caster durability 
testing protocol developed by the International Society of Wheelchair Professionals (ISWP) that requires casters 
to complete a minimum of 2 years of field-equivalent testing exposure. [11] These congruent findings from the 
community and laboratory-based testing studies motivated the authors to investigate the durability of bearings.  

The development of a more dependable, low-cost stem and axle bearing for wheelchair casters is crucial to 
reduce bearing failures and ensure user safety. The WHO Guidelines on provision of manual wheelchairs 
recommend improvements in wheelchair design for better outdoor reliability and accordingly, the authors 
extended their investigation in this study to other rolling elements such as bushings that can be a low-cost 
alternative to bearings. [12,13] The goal of this study is to conduct comparative testing with bearings and 
thermoplastic bushings using the ISWP caster durability testing protocol and evaluate their durability and cost-
effectiveness. 

METHODS 

A standard 8” caster model (Figure 1), widely used on wheelchairs in LMICs, was chosen for 
the testing study. Four samples of the model underwent the ISWP testing protocol, each with a 
different bearing/bushing model for the stem and axle as shown in Table 1. The bushing 
materials were selected based on recommendations from wheelchair experts from the ISWP 
Standards Working Group. Prior to this study, extensive preliminary testing was carried out 
with bushing materials sponsored by IGUS. [14] Both bushing materials in Table 1 were 
selected because of their lower wear rate, resistance to corrosion and low humidity absorption. 
IGUS and GG Bushings provided samples of the materials that were machined to the bearing 
dimensions with press-fit tolerances recommended by the manufacturers. [14,15]  
 
Table 1. Bearing/bushing models tested in the study 

Bearing/bushing model Stem Bearing/Bushing Axle Bearing/Bushing 

 Model Unit Cost Model Unit Cost 

Standard caster ball-
bearings 

 

$0.99 

 

$0.99 

High-quality ball-bearings 
(Stem bearings – Dayton, 

Axle Bearings – NTN)  

$11.85 

 

$8.88 

Figure 1. 
Standard Caster 
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Bushings made from 
GGB EP43 material 

 

$1.15 

 

$1.15 

Bushings made from 
IGUS iGlide J3 material 

 

$1.15 

 

$1.15 

 

ISWP Caster Durability Testing  

The ISWP Caster Durability Testing 
Protocol, proposed as ISO/AWI 
7176-32, includes corrosion testing 
in a salt fog chamber (as per ASTM 
B117) followed by shock and 
abrasion testing on ISWP Chakra. 
[16,17] Table 2 shows the durability 
testing exposure. The testing was 
limited to an exposure equivalent to 
6 years of wheelchair use as 
majority of the bearings fail within 
the time period in adverse 
environments and need 
replacement as per our data collection studies. Durability was determined by the number of shock testing cycles 
completed and cost-effectiveness was calculated as a test cycles-to-dollar cost ratio. The cost included combined 
cost of stem and axle bearing. Testing was discontinued following a bearing/bushing failure. 
 
Table 2. ISWP durability testing protocol simulating 2 years of outdoor use 

RESULTS 

Figures 3 and 4 show the durability testing conducted with the caster models in this study. Results of the testing 
study are shown in Figure 5 below. All of the axle bearings survived the test without a failure. Minor material wear 
was noticed after testing the bushings, but it had no noticeable effect on their function. Figure 6 shows the stem 
fracture observed with the manufacturer’s bottom stem bearing. These fracture failures with the bearing model are 
typical and have been observed during previous testing studies. 

 

Figure 4. ISWP Shock and Abrasion Testing 
 

Exposure Testing cycles Equivalent Test 
Cycles 

Slat 
Height 

Number of 
Slats 

Speed 

Wet Corrosion 200 hours 400 hours of 
corrosion testing 

NA NA NA 

Dry Corrosion 200 hours NA NA NA 

Low Magnitude Shocks and 
Abrasion 

9000 turntable 
rotations 

18000 
equivalent test 
cycles  

0.5 in n = 2 1 m/s 

High Magnitude Shocks and 
Abrasion 

3000 turntable 
rotations 

0.75 in n = 1 1 m/s 

Figure 2. ISWP Chakra (left) and salt-fog chamber (right) 

Figure 3. ISWP Corrosion Testing 
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Figure 5. Comparative Bearing and Bushing Testing Results 
 

DISCUSSION 

Results from the comparative bearing and bushing testing study show that 
bushings can be a cost-effective alternative to bearings used on wheelchair 
casters. We found additionally that the polymer bushings were resistant to 
corrosion as compared to the metallic bearings which suffered from obstruction 
to rolling. 

Based our findings, bushings may offer a low-cost alternative because they can 
be mass produced using injection molding which reduces the total product cost 
and improves part availability especially in LMICs where access to wheelchair 
parts is challenging. Additionally, bushings can be manufactured using 3D 
printing technology that is gaining traction in the global assistive technology 
sector and will further facilitate easy access.   

In this study, the standard caster stem bearings failed to meet the minimum test 
cycle requirements. These bearings may be suitable for wheelchairs used in institutional settings and for less-
active users. To ensure user safety and avoid breakdowns, routine servicing and replacement of such bearing 
models is necessary. The high-quality bearing products are used on certain wheelchairs in high-income settings 
and they certainly exceed the strength requirements of a typical manual wheelchair caster bearing.  

The ISWP caster testing protocol has been instrumental in generating design improvements and guidelines for 
the wheelchair manufacturers. [11] The study results indicate a positive impact with employment of bushings 
however, there is additional work required to reinforce the findings. Testing with additional bearing and bushing 
samples is in progress to improve the power of our research study and building further evidence. There are 
additional environmental conditions that must be examined to fully evaluate bearing and bushing performance. 
Tests for dirt and dust contamination will be conducted soon to evaluate the efficiency of bearings and bushings. 

CONCLUSION 

Wheelchair caster breakdowns due to bearing failures are commonplace in adverse environments. This 
comparative testing study demonstrated that bushings could serve as a durable, cost-effective alternative to 
bearings. With ongoing studies at the University of Pittsburgh, we are developing additional evidence with bushing 
and bearing evaluations to inform bushing and bearing selection based on the application of use and thereby, 
reduce bearing failures and wheelchair breakdowns in the community.   
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Figure 6. Standard 
caster bearing failure   
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