
85

I ranian R ehabilitation Journal

Review Paper: Wheelchair Design and Its Influence on Physical 
Activity and Quality of Life Among Disabled Individuals

Ali Ebrahimi1*, Alireza Kazemi2, Azin Ebrahimi3

1. Department of Plastic Surgery, Faculty of Medicine, Baqiyatallah University of Medical Sciences, Tehran, Iran.
2. Faculty of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
3. Faculty of Medicine, Tehran University of Medical Sciences, Tehran, Iran.

* Corresponding Author: 
Ali Ebrahimi, MD, PhD
Address: Department of Plastic Surgery, Faculty of Medicine, Baqiyatallah University of Medical Sciences, Tehran, Iran.
Tel: +98 (21) 88053766
E-mail: ae_49341@yahoo.com

Encouraging an active lifestyle is an essential part of successful rehabilitation programs, and 
the link between physical activity and quality of life (QOL) is well established among patients 
with mobility disorders. Biomechanical aspects of wheelchair design play an important role in 
physical activity and social participation of disabled individuals. This review focuses on key 
biomechanical features of wheeled mobility devices including propulsion methods, overuse 
injuries, assistive technologies, prevention of pressure ulcers, and tire and frame design. 
We briefly review the role of design modifications in increasing the physical activity and 
improvement of QOL among wheelchair-bound adults. 
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1. Introduction

ccording to the latest global reports on dis-
ability, more than one billion individuals, 
who nearly constitute 14% of the world 
population, live with a form of disability 
[1]. Studies also indicate that approximately 

10% of these individuals have lower limb disabilities, and 
are dependent on manually propelled wheelchairs for am-
bulation and performing activities of daily living (ADLs). 
About 20 million of the disabled, however, do not have 
access to wheeled mobility devices [2]. Moreover, the 
prevalence of severe forms of disability, with consider-
able functional limitations, is estimated to be around 200 

million worldwide and an alarming increasing trend has 
been highlighted by the recent global health statistics [1]. 

Injury is the number one public health problem in the 
USA, with a price tag of over $260 billion annually [3]. 
People with impaired mobility and balance, including 
lower limb amputees, those with spinal cord injuries, os-
teoarthritis, degenerative muscle and neurologic diseas-
es are typical users of wheeled mobility devices. There 
is a growing body of evidence on the vital importance of 
physical activity among these individuals and having an 
active lifestyle is an essential part of successful rehabili-
tation programs for patients with ambulatory disabilities 
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[4-6]. Furthermore, the adverse consequences of physi-
cal inactivity and the wide range of secondary complica-
tions among the disabled are well studied [7-10]. Many 
studies have reported how low physical activity exacer-
bates cardiovascular risk factors including hypertension 
[7, 9, 10], type-2 diabetes [11] and obesity [12].

In addition, evidence is accumulating on the associa-
tion of a sedentary lifestyle and the increased risk of os-
teoporosis in people with physical disabilities [13, 14]. 
The link between physical inactivity and development of 
psychiatric disorders, particularly depression and stress, 
is also well established in this population [8]. Some stud-
ies have stated that lower physical activity might trigger 
the vicious cycle of less fitness and debilitating depen-
dence in wheelchair dependent individuals [15-17]. 

The influence of physical activity on quality of life 
(QOL) and psychological well-being has been thor-
oughly investigated among those with mobility disor-
ders [18-21]. Many studies have reported a significant 
positive association between QOL and higher levels of 
physical activity in these individuals [19, 22-24]. Fewer 
studies have, however, assessed the role of technological 
advances in wheelchair design in promoting QOL, level 
of participation and physical activity in those with lower 
limb disabilities [25-29]. 

Many aspects in wheelchair design affect the overall mobil-
ity efficiency and stability. Adapting all these features to the 
individual needs and preferences of a wide variety of users 
is a daunting task from a medical engineering perspective. 
Fortunately, there is a expanding body of research address-
ing these complex issues to provide wheelchair users with 
the best evidence-based design and optimize the fine-tuning 
of user wheelchair interface [26]. The current paper briefly 
reviews the important aspects of wheeled mobility devices 
that influence physical activity, participation and QOL in 
wheelchair-bound persons. This information is of great value 
to rehabilitation therapists who prescribe appropriate prod-
ucts for individuals in accordance with the latter’s needs. 

2. Methods

We extensively reviewed the published English literature 
after the year 2000, using the PubMed database. Different 
combinations of queries with the following keywords were 
used in PubMed; wheelchairs, physical activity, activities 
of daily living, disabled persons, amputees, paraplegia, 
quadriplegia, quality of life, social participation, cumula-
tive trauma disorders and overuse injuries. A total of 77 rel-
evant as well as original articles were finally selected and 
evaluated in detail for writing this narrative review.

3. Wheelchair Weight, Frame Materials and 
Propulsion Biomechanics

In the USA, wheelchair manufacturers must meet the 
American National Standards Institute/Rehabilitation 
Engineering Society of North America (ANSI/RESNA) 
standards before marketing their products. Wheelchair 
weight and the adjustable configurations can dramati-
cally affect the biomechanics of propulsion and users’ 
satisfaction [30, 31]. Wheelchairs are classified based 
on their weight and adjustability into standard or de-
pot, lightweight and ultralight wheelchairs [32]. Chair 
weight has been reported to be a reason for non-use 
among older adults. Energy expenditure and kinematic 
measurements have been investigated in correlation 
with wheelchair weight and floor surface. Weight addi-
tion in the range of 5 to10 kg has not been shown to sig-
nificantly affect propulsion kinematics on a tiled surface, 
yet weight-imposed differences might impact mobility 
over more fatiguing surfaces [30, 33]. 

According to some studies, wheelchair confined indi-
viduals have rated ultralight wheelchairs as more appro-
priate in providing a more comfortable ride due to supe-
rior ergonomic design [34]. Furthermore, some studies 
have observed a lack of interaction between axle posi-
tion and weight, suggesting reduction of peak propulsion 
force regardless of the axel position. The optimal combi-
nation of lightest wheelchair possible and most anterior 
axle position tolerated by the disabled person could pro-
vide efficiency while maintaining stability [30]. 

Endurance, durability, mass and stability of wheelchairs 
are dependent on the frame materials used. Wheelchairs’ 
durability and fatigue life have been the subject of rigorous 
investigations. Lightweight wheelchairs are typically made 
from steel, aluminum or a combination, while alloy steel, 
aluminum, titanium or composites are usually used to make 
ultralight wheelchairs. Studies indicate that frame material 
does not directly affect the wheelchair performance in dura-
bility standard tests, and design based on standard mechanical 
properties is more important [35]. Existing literature suggests 
that despite their higher price, ultralight wheelchairs are more 
cost-effective options compared with lightweight and depot 
wheelchairs due to their longer fatigue life [36]. In addition, 
the adjustable components of the ultralight wheelchairs make 
it more flexible to meet the users’ needs [35].

4. Tire Type and Biomechanics

A section of investigators have compared the cost-ef-
fectiveness and biomechanics of solid and conventional 
pneumatic tires. Problems like low back pain are com-
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mon implications of continuous shocks and vibration dur-
ing rides, and could be managed with the help of the use 
of appropriate tire and tire pressure. Compared with the 
pneumatic tires, ‘No-more flats’ solid tires have no risk 
of puncture as their name suggests, yet have decreased 
spring, less shock absorbance quality and higher rolling 
resistance on particular surfaces. Evidence points out to 
the fact that the benefits of pneumatic tires could out-
weigh their maintenance cost and time [37]. The proper 
inflation of pneumatic tires must be monitored regularly 
to minimize energy expenditure, and facilitate higher 
levels of physical activity and participation. Studies have 
shown a significant increase in energy expenditure when 
50% of the tire is deflated [38] and an additional 25% 
load is added if the tire pressure is below 50% [39].

5. Hand Rim Design and Propulsion Efficiency

Substantial multidisciplinary research has been dedi-
cated to ergonomic modifications, configurations for op-
timal performance and mobility of manual wheelchairs 
in sports [40]. Complex combinations of biomechanical, 
physiological and ergonomic factors have been studied 
under controlled conditions to maximize propulsion ef-
ficiency and prevent complications of chronic wheel-
chair use [27, 41]. The correct functionality of the upper 
extremities and biomechanics of propulsion are matters 
of ongoing investigation [42]. 

Hand rims are circular tubes, usually made of metal or 
plastic, attached to the outer surface of the wheels with 
a smaller diameter, which individuals use to move the 
wheelchair forward. Despite high mechanical load and low 
efficiency, hand rim propulsion remains the most common 
form of wheelchair ambulation. A considerable amount of 
research, with huge potential ergonomic implications, has 
been dedicated to the hand rim design and its biomechani-
cal aspects to optimize the propulsion efficiency and users’ 
satisfaction [43]. Not surprisingly, an enhanced QOL was 
confirmed, following reduction of the physical strain of 
wheelchair propulsion, by recent studies [42].

With the advent of new technologies and creation of 
multidisciplinary fields, studying the detailed biome-
chanics of wheelchair propulsion has become more 
feasible and new avenues of performance-related inves-
tigation have opened up. Small hand rim size has been 
attributed to reduced mechanical efficiency, increased 
muscle contraction and greater pressure on the contact 
surface [44]. Use of flexible hand rims with specific er-
gonomic design has been reported to improve maneuver-
ability and propulsion efficiency [45]. Other measures 
to improve the fitting of hand rim to fingers, including 

increasing rim diameter, have also been reported to de-
crease finger and wrist flexor activity and result in relief 
of upper extremity symptoms [46]. 

6. Overuse Injuries

A wheelchair confined life and long-term use of these 
devices for mobility could result in musculoskeletal 
problems. Upper body overuse injuries have been a fo-
cus of rehabilitation research and significant efforts have 
been made to address the prolonged imbalance of physi-
cal strain and propulsion mechanics [47-49]. To prevent 
upper extremity musculoskeletal pain, wheelchair depen-
dent individuals may choose a more sedentary lifestyle 
and this could start a debilitating vicious cycle leading to 
further secondary complications [26, 50]. Some studies 
have reported wheelchair skills’ training as a predictor of 
QOL due to its preventive role against overuse injuries 
[51]. There is also mounting evidence on improvement 
of confidence and community participation following 
wheelchair skills’ training programs, particularly among 
inexperienced elderly adults [52, 53]. 

Repetitive strain injuries mostly affect shoulders and 
wrists, but back and neck muscles might get involved 
as well [48, 54, 55]. A variety of design modifications 
have been suggested to reduce the impact of repetitive 
tension on the upper limbs. Important, biomechanically 
studied modifications include use of different configura-
tions for hand rim [44, 56], rear wheel angle and incli-
nation [57] and seat position [58]. The additive effects 
of daily activities, repetitive strains and dose-response 
relationships in developing overuse injuries are issues of 
ongoing research [43, 59].

7. Alternative Propulsion Methods

Due to a high prevalence of overuse injuries and over-
whelming consequent problems, many researchers have 
proposed other propulsion mechanisms to prevent re-
petitive strain of the upper extremities. Lever and crank-
propelled wheelchairs are among the most studied al-
ternative wheelchair ambulation methods. Some studies 
have observed the beneficial aspects of these alternative 
propulsion modes in terms of less straining, reduced 
shoulder muscular demand and more efficiency among 
the wheelchair using population [60]. Arm crank and 
lever-propelled wheeled mobility devices are more suit-
able on rough terrain and outdoor surfaces that are not 
proper for the conventional push rim wheelchairs and as 
a result their use in some developing countries like India 
are more frequent [60-62]. 
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Hand bike is another alternative to the conventional, 
manually propelled wheelchairs. Longitudinal studies 
and multicenter randomized clinical trials have con-
firmed that regular hand cycling training has a posi-
tive influence on aerobic physical capacity and muscle 
strength, without reported shoulder pain [63-65]. 

8. Powered Wheelchairs and Assistive Tech-
nologies

To increase independence and QOL of persons with 
disabilities, various assistive technologies have been in-
troduced, and rehabilitation professionals must update 
themselves on the available systems and their benefits 
[66]. Regardless of concerns over reduction in physi-
cal activity and subsequent secondary complications of 
a less active lifestyle, use of powered wheelchairs has 
certain benefits and indications. The dramatic techno-
logical advances in the past decade has revolutionized 
and diversified powered, wheeled mobility devices [67]. 
Power assisted wheelchairs provide for mobility of a less 
physiologically stressful kind and less energy expendi-
ture during propulsion [68]. 

Assistive devices have so evolved that it allow persons 
with severe forms of physical disability to complete their 
activities of daily living and gain an acceptable level of 
independence; the most important examples include joy-
stick, voice recognition systems and other computer user 
interface technologies [69]. Recent advancements in the 
field of powered wheelchair design has been revolution-
ized by the ever-growing research on joystick interface 
technologies, yet users might face driving difficulties if 
not appropriately trained [70].

Another advanced technology is the Tongue Drive 
System (TDS) that has proved successful in patients 
with high-level spinal cord injury. TDS is a wireless and 
wearable assistive device that translates specific tongue 
gestures into motor commands sent to the powered 
wheelchairs [71]. In the future, assistive technologies 
in the form of brain machine interface would enable the 
permanently disabled patients to gain more indepen-
dence in steering wheelchairs using their brain signals 
and completing the activities of their daily lives [72]. 

Active participation in sports is of great therapeutic 
value for disabled individuals and that is why attempts 
have been made to optimize wheelchair design and con-
figuration for disabled athletes. The ever-growing need 
of professional athletes has been a driving force for in-
novation and technological advances to address the bio-
mechanical aspects of wheeled mobility devices [73]. 

Modifications of wheelchair design have not remained 
confined to court sports but have also extended to the 
realm of water sports such as swimming. Considering 
the benefits of aqua therapy among disabled individu-
als, various patented wheelchairs and personal floatation 
devices have been introduced to encourage a more inten-
sive participation in water sports even for patients with 
severe physical or mental disability [74, 75]. The need 
for a safe and reliable floating mechanism should, how-
ever, be addressed to protect against potential drowning 
or other water-related accidents.

Currently, it should be emphasized that very few in-
dividuals have access to these sophisticated and expen-
sive technologies, and insurance companies in many 
countries do not cover them. Since recent studies have 
highlighted the facets of increased sense of self-esteem, 
greater independence and improved mobility among 
wheelchair bound individuals, analyses concerning cost-
effectiveness should be conducted to further elucidate 
the costs and benefits of these technologies [76]. 

9. Preventing the Development of Pressure Ulcers

Prolonged sitting in wheeled mobility devices could 
lead to leg edema, tissue ischemia and development of 
pressure ulcers. These conditions highlight the impor-
tance of designing optimal support surfaces and cushions 
for wheelchairs. Patients with spinal cord injuries and 
disabled victims of chemical warfare who are more prone 
to neuropathy are at particular risk of developing pres-
sure ulcers [77]. A bioengineering challenge is adaptation 
to individual differences in anatomy, and the postural and 
ischemic tissue changes following prolonged sitting [78].

According to recent reviews, the current literature re-
garding the most cost-effective wheelchair cushioning is 
inconsistent and further randomized trials are required 
to address this issue [79]. An assistive technology added 
in recent years is the passive standing option in some of 
these wheelchairs that have been documented to be ef-
fective in decreasing seating pressure and formation of 
pressure ulcers, and preventing osteoporosis and loss of 
muscular tone, thereby playing a positive role in the im-
provement of QOL of the physically disabled [80]. 

10. Conclusion

Modifications in wheelchair design and biomechanics 
could play a crucial role in promoting physical activity, 
QOL and level of participation among physically dis-
abled individuals. Further research is necessary on cost-
effectiveness of advanced design features, interventions 
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to prevent overuse injuries and strategies to address the 
secondary complications of a sedentary lifestyle.

Acknowledgments

The current research hasn't received any financial support

Conflict of Interest

The authors had no conflicting interests, financial or 
otherwise.

References

[1] World Health Organization. World Report on Disability: 
Summary. Geneva: World Health Organization; 2011.

[2] Sheldon SJN. Report of a Consensus Conference on Wheel-
chairs for Developing Countries; 2006 November 61-11; Ban-
galore, India. Copenhagen: International Society for Prosthet-
ics and Orthotics; 2007.

[3] Ebrahimi A. Treatment of Trauma Victims: Consideration of 
the Whole Perspective. Trauma. 2012; 17(2):265. doi: 10.5812/
traumamon.5249

[4] van der Ploeg HP, van der Beek AJ, van der Woude LH, 
van Mechelen W. Physical activity for people with a disabil-
ity: a conceptual model. Sports Medicine. 2004; 34(10):639-49. 
PMID: 15335241

[5] Ravenek KE, Ravenek MJ, Hitzig SL, Wolfe DL. Assessing 
quality of life in relation to physical activity participation in 
persons with spinal cord injury: a systematic review. Dis-
ability and Health Journal. 2012; 5(4):213-23. doi: 10.1016/j.
dhjo.2012.05.005

[6] Durstine J, Moore G. ACSM’s Exercise management for per-
sons with chronic diseases and disabilities. Chapaign, I. L.: 
Human Kintec; 2003.

[7] Hitzig SL, Tonack M, Campbell KA, McGillivray CF, 
Boschen KA, Richards K, et al. Secondary health complica-
tions in an aging Canadian spinal cord injury sample. Ameri-
can Journal of Physical Medicine & Rehabilitation. 2008; 
87(7):545-55. doi: 10.1097/phm.0b013e31817c16d6

[8] Macfarlane J. Other physical consequences of disabil-
ity. Handbook of Clinical Neurology. 2013; 110:315-22. doi: 
10.1016/b978-0-444-52901-5.00026-5

[9] Hoeven TA, Leening MJ, Bindels PJ, Castano-Betancourt M, 
van Meurs JB, Franco OH, et al. Disability and not osteoarthri-
tis predicts cardiovascular disease: A prospective population-
based cohort study. Annals of the Rheumatic Diseases. 2015; 
74(4):752-56. doi: 10.1136/annrheumdis-2013-204388

[10] Rosso AL, Wisdom JP, Horner-Johnson W, McGee MG, 
Michael YL. Aging with a disability: a systematic review of 
cardiovascular disease and osteoporosis among women ag-
ing with a physical disability. Maturitas. 2011; 68(1):65-72. 
doi: 10.1016/j.maturitas.2010.10.004

[11] Puts MT, Deeg DJ, Hoeymans N, Nusselder WJ, Schelle-
vis FG. Changes in the prevalence of chronic disease and the 
association with disability in the older Dutch population be-
tween 1987 and 2001. Age and Ageing. 2008; 37(2):187-93. doi: 
10.1093/ageing/afm185

[12] Wong E, Backholer K, Gearon E, Harding J, Freak-Poli R, 
Stevenson C, et al. Diabetes and risk of physical disability in 
adults: a systematic review and meta-analysis. Lancet Diabe-
tes and Endocrinology. 2013; 1(2):106-14. doi: 10.1016/s2213-
8587(13)70046-9

[13] Yaghoubi M, Esmailzadeh H, Yaghoubi G. Relationship 
between Physical Activity and Prevalence of Obesity and 
Overweight in the Disabled and Veterans. Journal of Military 
Medicine. 2013; 14(4):245-48.

[14] Piechota G, Malkiewicz J, Karwat ID. Obesity as a cause 
and result of disability. Przegląd Epidemiologiczny. 2005; 
59(1):155-61. PMID: 16013421

[15] Karami G, Ahmadi K, Nejati V, Masumi M. Better mental 
component of quality of life in amputee. Iranian Journal of 
Public Health. 2012; 41(7):53-58.

[16] Motl RW, McAuley E. Physical activity, disability, and 
quality of life in older adults. Physical Medicine and Reha-
bilitation Clinics of North America. 2010; 21(2):299-308. doi: 
10.1016/j.pmr.2009.12.006

[17] Ginis KAM, Latimer AE, McKechnie K, Ditor DS, McCart-
ney N, Hicks AL, et al. Using exercise to enhance subjective 
well-being among people with spinal cord injury: The medi-
ating influences of stress and pain. Rehabilitation Psychology. 
2003; 48(3):157-64. doi: 10.1037/0090-5550.48.3.157

[18] Tasiemski T, Kennedy P, Gardner BP, Taylor N. The asso-
ciation of sports and physical recreation with life satisfaction 
in a community sample of people with spinal cord injuries. 
Neurorehabilitation. 2005; 20(4):253-65. PMID: 16403994

[19] McVeigh SA, Hitzig SL, Craven BC. Influence of sport 
participation on community integration and quality of life: A 
comparison between sport participants and non-sport partici-
pants with spinal cord injury. Journal of Spinal Cord Medi-
cine. 2009; 32(2):115-24. doi: 10.1080/10790268.2009.11760762

[20] Yazicioglu K, Yavuz F, Goktepe AS, Tan AK. Influence of 
adapted sports on quality of life and life satisfaction in sport 
participants and non-sport participants with physical dis-
abilities. Disability and Health Journal. 2012; 5(4):249-53. doi: 
10.1016/j.dhjo.2012.05.003

[21] Perrier M-J, Sweet SN, Strachan SM, Latimer-Cheung AE. 
I act, therefore I am: Athletic identity and the health action 
process approach predict sport participation among indi-
viduals with acquired physical disabilities. Psychology of 
Sport and Exercise. 2012; 13(6):713-20. doi: 10.1016/j.psych-
sport.2012.04.011

[22] Semerjian TZ, Montague SM, Dominguez JF, Davidian 
AM, de Leon RD. Enhancement of quality of life and body 
satisfaction through the use of adapted exercise devices for 
individuals with spinal cord injuries. Topics in Spinal Cord 
Injury Rehabilitation. 2005; 11(2):95-108. doi: 10.1310/bxe2-
mtku-yl15-429a

[23] Anneken V, Hanssen-Doose A, Hirschfeld S, Scheuer 
T, Thietje R. Influence of physical exercise on quality of life 
in individuals with spinal cord injury. Spinal Cord. 2009; 
48(5):393-99. doi: 10.1038/sc.2009.137

Ebrahimi A, et al. (2016). Wheelchair Design and Its influence on Physical Activity & Quality of Life. Iranian Rehabilitation Journal. 14(2), 85-92.

Summer 2016, Volume 14, Number 2



[24] Kawanishi CY, Greguol M. Physical activity, quality of life, 
and functional autonomy of adults with spinal cord injuries. 
Adapted Physical Activity Quarterly. 2013; 30(4):317-37. doi: 
10.1123/apaq.30.4.317

[25] Shore S, Juillerat S. The impact of a low cost wheelchair 
on the quality of life of the disabled in the developing world. 
Medical Science Monitor. 2012; 18(9):533-42. doi: 10.12659/
msm.883348

[26] van der Woude LH, de Groot S, Janssen TW. Manual 
wheelchairs: Research and innovation in rehabilitation, 
sports, daily life and health. Medical Engineering & Physics. 
2006; 28(9):905-15. doi: 10.1016/j.medengphy.2005.12.001

[27] Mason BS, van der Woude LH, Goosey-Tolfrey VL. The 
ergonomics of wheelchair configuration for optimal perfor-
mance in the wheelchair court sports. Sports Medicine. 2013; 
43(1):23-38. doi: 10.1007/s40279-012-0005-x

[28] Cooper RA, Cooper R. Quality-of-life technology for 
people with spinal cord injuries. Physical Medicine and Re-
habilitation Clinics of North America. 2010; 21(1):1-13. doi: 
10.1016/j.pmr.2009.07.004

[29] Salminen AL, Brandt A, Samuelsson K, Toytari O, 
Malmivaara A. Mobility devices to promote activity and 
participation: A systematic review. Journal of Rehabilitation 
Medicine. 2009; 41(9):697-706. doi: 10.2340/16501977-0427

[30] Cowan RE, Nash MS, Collinger JL, Koontz AM, Boninger 
ML. Impact of surface type, wheelchair weight, and axle 
position on wheelchair propulsion by novice older adults. 
Archives of Physical Medicine and Rehabilitation. 2009; 
90(7):1076-083. doi: 10.1016/j.apmr.2008.10.034

[31] Sprigle S. On impact of surface type, wheelchair weight, 
and axle position on wheelchair propulsion by novice older 
adults. Archives of Physical Medicine and Rehabilitation. 
2009; 90(7):1073-075. doi: 10.1016/j.apmr.2009.04.002

[32] Mann WC, Goodall S, Justiss MD, Tomita M. Dis-
satisfaction and nonuse of assistive devices among frail 
elders. Assistive Technology. 2002; 14(2):130-39. doi: 
10.1080/10400435.2002.10132062

[33] Bednarczyk JH, Sanderson DJ. Limitations of kinematics 
in the assessment of wheelchair propulsion in adults and 
children with spinal cord injury. Physical Therapy. 1995; 
75(4):281-89. PMID: 7899486

[34] DiGiovine MM, Cooper RA, Boninger ML, Lawrence BM, 
VanSickle DP, Rentschler AJ. User assessment of manual 
wheelchair ride comfort and ergonomics. Archives of Physi-
cal Medicine and Rehabilitation. 2000; 81(4):490-94. doi: 
10.1053/mr.2000.3845

[35] Liu HY, Pearlman J, Cooper R, Hong EK, Wang H, Salatin 
B, et al. Evaluation of aluminum ultralight rigid wheelchairs 
versus other ultralight wheelchairs using ANSI/RESNA 
standards. Journal of Rehabilitation Research and Develop-
ment. 2010; 47(5):441-55. doi: 10.1682/jrrd.2009.08.0137

[36] Fitzgerald SG, Cooper RA, Boninger ML, Rentschler AJ. 
Comparison of fatigue life for 3 types of manual wheelchairs. 
Archives of Physical Medicine and Rehabilitation. 2001; 
82(10):1484-488. doi: 10.1053/apmr.2001.26139

[37] Sawatzky BJ, Kim WO, Denison I. The ergonom-
ics of different tyres and tyre pressure during wheel-

chair propulsion. Ergonomics. 2004; 47(14):1475-483. doi: 
10.1080/00140130412331290862

[38] Sawatzky BJ, Denison I. Wheeling efficiency: the ef-
fects of varying tyre pressure with children and ado-
lescents. Pediatric Rehabilitation. 2006; 9(2):122-26. doi: 
10.1080/13638490500126707

[39] Sawatzky BJ, Miller WC, Denison I. Measuring energy ex-
penditure using heart rate to assess the effects of wheelchair 
tyre pressure. Clinical Rehabilitation. 2005; 19(2):182-87. doi: 
10.1191/0269215505cr823oa

[40] Koontz AM, Brindle ED, Kankipati P, Feathers D, Cooper 
RA. Design features that affect the maneuverability of wheel-
chairs and scooters. Archives of Physical Medicine and Reha-
bilitation. 2010; 91(5):759-64. doi: 10.1016/j.apmr.2010.01.009

[41] Sprigle S, Cohen L, Davis K. Establishing seating and 
wheeled mobility research priorities. Disability and Re-
habilitation: Assistive Technology. 2007; 2(3):169-72. doi: 
10.1080/17483100701381715

[42] Chow JW, Levy CE. Wheelchair propulsion biomechanics 
and wheelers’ quality of life: An exploratory review. Disabil-
ity and Rehabilitation: Assistive Technology. 2011; 6(5):365-
77. doi: 10.3109/17483107.2010.525290

[43] Medola FO, Elui VM, Santana Cda S, Fortulan CA. Aspects 
of manual wheelchair configuration affecting mobility: A re-
view. Journal of Physical Therapy Science. 2014; 26(2):313-18. 
doi: 10.1589/jpts.26.313

[44] van der Woude LH, Formanoy M, de Groot S. Hand rim 
configuration: effects on physical strain and technique in 
unimpaired subjects? Medical Engineering & Physics. 2003; 
25(9):765-74. doi: 10.1016/s1350-4533(03)00102-4

[45] Medola FO, Fortulan CA, Purquerio Bde M, Elui VM. A 
new design for an old concept of wheelchair pushrim. Dis-
ability and Rehabilitation: Assistive Technology. 2012; 
7(3):234-41. doi: 10.3109/17483107.2011.629327

[46] Dieruf K, Ewer L, Boninger D. The natural-fit handrim: 
factors related to improvement in symptoms and function 
in wheelchair users. Journal of Spinal Cord Medicine. 2008; 
31(5):578-85. doi: 10.1080/10790268.2008.11754605

[47] Sawatzky BJ, Slobogean GP, Reilly CW, Chambers CT, Hol 
AT. Prevalence of shoulder pain in adult- versus childhood-
onset wheelchair users: A pilot study. Journal of Rehabilita-
tion Research and Development. 2005; 42(3):1-8. doi: 10.1682/
jrrd.2004.06.0070

[48] van Drongelen S, de Groot S, Veeger HE, Angenot EL, 
Dallmeijer AJ, Post MW, et al. Upper extremity musculo-
skeletal pain during and after rehabilitation in wheelchair-
using persons with a spinal cord injury. Spinal Cord. 2006; 
44(3):152-59. doi: 10.1038/sj.sc.3101826

[49] Munaretto JM, McNitt-Gray JL, Flashner H, Requejo PS. 
Reconfiguration of the upper extremity relative to the push-
rim affects load distribution during wheelchair propulsion. 
Medical Engineering & Physics. 2013; 35(8):1141-149. doi: 
10.1016/j.medengphy.2012.12.002

[50] Boninger ML, Impink BG, Cooper RA, Koontz AM. Rela-
tion between median and ulnar nerve function and wrist 
kinematics during wheelchair propulsion. Archives of Physi-
cal Medicine and Rehabilitation. 2004; 85(7):1141-145. doi: 
10.1016/j.apmr.2003.11.016

Ebrahimi A, et al. (2016). Wheelchair Design and Its influence on Physical Activity & Quality of Life. Iranian Rehabilitation Journal. 14(2), 85-92.
90



91

I ranian R ehabilitation Journal

[51] Hosseini SM, Oyster ML, Kirby RL, Harrington AL, Bon-
inger ML. Manual wheelchair skills capacity predicts quality 
of life and community integration in persons with spinal cord 
injury. Archives of Physical Medicine and Rehabilitation. 
2012; 93(12):2237-243. doi: 10.1016/j.apmr.2012.05.021

[52] Reid D, Laliberte-Rudman D, Hebert D. Impact of wheeled 
seated mobility devices on adult users’ and their caregivers’ 
occupational performance: A critical literature review. Cana-
dian Journal of Occupational Therapy. 2002; 69(5):261-80. doi: 
10.1177/000841740206900503

[53] Ganesh S, Hayter A, Kim J, Sanford J, Sprigle S, Hoenig 
H. Wheelchair use by veterans newly prescribed a manual 
wheelchair. Archives of Physical Medicine and Rehabilita-
tion. 2007; 88(4):434-39. doi: 10.1016/j.apmr.2006.12.045

[54] van Drongelen S, van der Woude LH, Janssen TW, An-
genot EL, Chadwick EK, Veeger DH. Glenohumeral contact 
forces and muscle forces evaluated in wheelchair-related ac-
tivities of daily living in able-bodied subjects versus subjects 
with paraplegia and tetraplegia. Archives of Physical Medi-
cine and Rehabilitation. 2005; 86(7):1434-40. doi: 10.1016/j.
apmr.2005.03.014

[55] Julien MC, Morgan K, Stephens CL, Standeven J, Engsberg 
J. Trunk and neck kinematics during overground manual 
wheelchair propulsion in persons with tetraplegia. Disability 
and Rehabilitation: Assistive Technology. 2014; 9(3):213-18. 
doi: 10.3109/17483107.2013.775362

[56] Richter WM, Axelson PW. Low-impact wheelchair pro-
pulsion: achievable and acceptable. Journal of Rehabilitation 
Research and Development. 2005; 42(3):21-33. doi: 10.1682/
jrrd.2004.06.0074

[57] Tsai CY, Lin CJ, Huang YC, Lin PC, Su FC. The effects of 
rear-wheel camber on the kinematics of upper extremity dur-
ing wheelchair propulsion. BioMedical Engineering OnLine. 
2012; 11(1):87. doi: 10.1186/1475-925x-11-87

[58] Gorce P, Louis N. Wheelchair propulsion kinematics in 
beginners and expert users: Influence of wheelchair settings. 
Clinical Biomechanics. 2012; 27(1):7-15. doi: 10.1016/j.clinbio-
mech.2011.07.011

[59] Lalumiere M, Gagnon DH, Routhier F, Bouyer L, Desroch-
es G. Upper Extremity Kinematics and Kinetics During the 
Performance of a Stationary Wheelie in Manual Wheelchair 
Users with a Spinal Cord Injury. Journal of Applied Biome-
chanics. 2014; 30(4):574-80. doi: 10.1123/jab.2013-0333

[60] van der Woude LH, Dallmeijer AJ, Janssen TW, Veeger 
D. Alternative modes of manual wheelchair ambulation: An 
overview. American Journal of Physical Medicine & Rehabili-
tation. 2001; 80(10):765-77. doi: 10.1097/00002060-200110000-
00012

[61] Mukherjee G, Samanta A. Arm-crank propelled three-
wheeled chair: Physiological evaluation of the propul-
sion using one arm and both arm patterns. International 
Journal of Rehabilitation Research. 2004; 27(4):321-24. doi: 
10.1097/00004356-200412000-00012

[62] Requejo PS, Lee SE, Mulroy SJ, Haubert LL, Bontrager EL, 
Gronley JK, et al. Shoulder muscular demand during lever-
activated vs pushrim wheelchair propulsion in persons with 
spinal cord injury. Journal of Spinal Cord Medicine. 2008; 
31(5):568-77. doi: 10.1080/10790268.2008.11754604

[63] Valent LJ, Dallmeijer AJ, Houdijk H, Slootman HJ, Post 
MW, van der Woude LH. Influence of hand cycling on physi-
cal capacity in the rehabilitation of persons with a spinal cord 
injury: a longitudinal cohort study. Archives of Physical Med-
icine and Rehabilitation. 2008; 89(6):1016-022. doi: 10.1016/j.
apmr.2007.10.034

[64] Valent LJ, Dallmeijer AJ, Houdijk H, Slootman HJ, Janssen 
TW, Post MW, et al. Effects of hand cycle training on physical 
capacity in individuals with tetraplegia: A clinical trial. Physi-
cal Therapy. 2009; 89(10):1051-060. doi: 10.2522/ptj.20080340

[65] Bakkum AJ, de Groot S, van der Woude LH, Janssen TW. 
The effects of hybrid cycle training in inactive people with 
long-term spinal cord injury: Design of a multicenter rand-
omized controlled trial. Disability and Rehabilitation. 2013; 
35(13):1127-132. doi: 10.3109/09638288.2012.715719

[66] Brose SW, Weber DJ, Salatin BA, Grindle GG, Wang H, 
Vazquez JJ, et al. The role of assistive robotics in the lives 
of persons with disability. American Journal of Physical 
Medicine & Rehabilitation. 2010; 89(6):509-21. doi: 10.1097/
phm.0b013e3181cf569b

[67] Edlich RF, Nelson KP, Foley ML, Buschbacher RM, Long 
WB, Ma EK. Technological advances in powered wheelchairs. 
Journal of Long-Term Effects of Medical Implants. 2004; 
14(2):107-30. doi: 10.1615/jlongtermeffmedimplants.v14.i2.40

[68] Cooper RA, Fitzgerald SG, Boninger ML, Prins K, Rent-
schler AJ, Arva J, et al. Evaluation of a pushrim-activated, 
power-assisted wheelchair. Archives of Physical Medi-
cine and Rehabilitation. 2001; 82(5):702-08. doi: 10.1053/
apmr.2001.20836

[69] Ding D, Cooper RA, Kaminski BA, Kanaly JR, Allegretti A, 
Chaves E, et al. Integrated control and related technology of 
assistive devices. Assistive Technology. 2003; 15(2):89-97. doi: 
10.1080/10400435.2003.10131892

[70] Dicianno BE, Cooper RA, Coltellaro J. Joystick control 
for powered mobility: Current state of technology and fu-
ture directions. Physical Medicine and Rehabilitation Clin-
ics of North America. 2010; 21(1):79-86. doi: 10.1016/j.
pmr.2009.07.013

[71] Kim J, Park H, Bruce J, Rowles D, Holbrook J, Nardone B, et 
al. Qualitative assessment of Tongue Drive System by people 
with high-level spinal cord injury. Journal of Rehabilitation 
Research and Development. 2014; 51(3):451-66. doi: 10.1682/
jrrd.2013.08.0178

[72] Khare M, Singh A, Zamboni P. Prospect of brain-machine 
interface in motor disabilities: The future support for mul-
tiple sclerosis patient to improve quality of life. Annals of 
Medical and Health Sciences Research. 2014; 4(3):305-12. doi: 
10.4103/2141-9248.133447

[73] Cooper RA, De Luigi AJ. Adaptive sports technology and 
biomechanics: wheelchairs. PM&R. 2014; 6(8):31-39. doi: 
10.1016/j.pmrj.2014.05.020

[74] Volk M, Alderman H, Blumenthal KR, Cooperman B, 
Henry D, Herman LA, et al. Dignified broad footprint beach 
wheelchair. Washington, D. C.: United States patent; 2005.

[75] Jackson BB, Jackson RW. Water walker assistant for physi-
cally challenged and rehabilitation patients. Washington, D. 
C.: United States patent; 2005.

Ebrahimi A, et al. (2016). Wheelchair Design and Its influence on Physical Activity & Quality of Life. Iranian Rehabilitation Journal. 14(2), 85-92.

Summer 2016, Volume 14, Number 2



[76] Samuelsson K, Wressle E. Powered wheelchairs and scoot-
ers for outdoor mobility: A pilot study on costs and benefits. 
Disability and Rehabilitation: Assistive Technology. 2014; 
9(4):330-34. doi: 10.3109/17483107.2013.827244

[77] Holisaz MT, Rayegani SM, Hafezy R, Khedmat H, Mota-
medi MH. Screening for peripheral neuropathy in chemical 
warfare victims. International Journal of Rehabilitation Re-
search. 2007; 30(1):71-74. doi: 10.1097/mrr.0b013e3280143c49

[78] Murata J, Murata S, Ohyama M, Kogo H, Matsubara S. Ef-
fect of a Dynamic Air Cushion on the Development of Leg 
Edema during Wheelchair Sitting. Journal of Physical Thera-
py Science. 2014; 26(6):911-13. doi: 10.1589/jpts.26.911

[79] Gefen A. Tissue changes in patients following spinal cord 
injury and implications for wheelchair cushions and tissue 
loading: A literature review. Ostomy Wound Management. 
2014; 60(2):34-45. PMID: 24515983

[80] Kuiken TA. Manually operable standing wheelchair. 
Washington, D. C.: United States patent; 2006. Available 
from: https://www.google.com/patents/US7165778

Ebrahimi A, et al. (2016). Wheelchair Design and Its influence on Physical Activity & Quality of Life. Iranian Rehabilitation Journal. 14(2), 85-92.
92


