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INTRODUCTION 
In the past few years, there has been an abundance of evidence that is related to manual wheelchair selection, set-up, and 
consumer training.  While there are many accessible documents that summarize and give recommendations as part of the 
evidence-based practice (EBP) process, we must constantly update our database and remain current by reviewing new 
studies as they are published.  In order to meet the needs of persons with a disability, knowledge translation must occur 
from the research arena, through the experience and skills of the rehabilitation professional, directly to the client[1]–[3].   
 
In 2005, The Consortium for Spinal Cord Medicine published Preservation of Upper Limb Function Following Spinal Cord 
Injury: A Clinical Practice Guideline for Health-Care Professionals[4].  The guideline is accessible through the Paralyzed 
Veterans of America website (http://www.pva.org or http://go.osu.edu/PVA_CPG). It is an excellent document that 
systematically compiled the current research, produced guidance based on evidence-based practice, and provided access to 
a multitude of clinically relevant studies. The guidelines are an excellent example of knowledge translation, given that the 
results utilize the skills and experience of the rehabilitation professional and are directly applicable to the individual who 
uses a manual wheelchair. However, numerous peer reviewed articles and reports have been published since that systematic 
review of the literature was performed.  The most recent articles listed in the guidelines are from 2003. Since then, there 
have been a variety of studies that provide further insight into the appropriate configuration of manual wheelchairs and 
training for a person who uses a manual wheelchair.  Therefore, the goal is to apply evidence-based practice with a focus on 
the external evidence, specifically the scientific literature, to address the problems associated with upper limb pain and 
injury. The list of scientific literature is an update to the external evidence described at the past International Seating 
Symposiums [5]–[7]. 
 
FRAMEWORK 
The process utilized in collecting and reviewing the scientific literature is similar to the framework described by Sackett, et 
al. and re-printed below[1], specifically steps 1-3. 

1. Convert [the] information needs into answerable questions 
2. Track down, with maximum efficiency, the best evidence with which to answer them (whether from the clinical 

examination, the diagnostic laboratory, from research evidence or other sources). 
3. Critically appraise that evidence for its validity (closeness to the truth) and usefulness (clinical applicability) 
4. Apply the results of this appraisal in our clinical practice 
5. Evaluate our performance. 

Questions were developed based on the Guideline[4] recommendations that are most closely associated with manual 
wheelchair propulsion. 

• Ergonomic – Guideline recommendations 3-5. 
• Equipment Selection, Training, and Environmental Adaptations – Guideline recommendations 6-11 and 

14. 
• Exercise – Guideline recommendations 17 and 18. 

Furthermore, questions were developed in areas of interest to the authors based on their own clinical experience.  These 
include pediatrics, older adults, and outcome measures.  An update alerting service for PubMed  
(http://pubcrawler.gen.tcd.ie) was utilized to provide daily updates via email on any journal articles that matched a keyword 
search for “wheelchair”.  From this search, as well as the authors’ input on relevant conference proceedings, the authors 
reviewed over 350 citations that were published online or in print between January 1, 2012 and December 31, 2013. The 
authors removed papers that did not have a focus on manual wheelchairs.  Based on the authors’ review of the articles, 62 
journal articles were selected due to their usefulness (clinical applicability) and categorized based on their applicability to 
the specified questions.  It is important to note, that for efficiency purposes and to demonstrate real-world applications, a 
rigorous and systematic methodology was not implemented when performing the literature search or review.  The results of 
the review process and categorization are listed below. 
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• ERGONOMICS [8]–[17]  
o Minimize the frequency of repetitive upper limb tasks 
o Minimize the force to complete upper limb tasks 
o Minimize extreme or potentially injurious positions at all joints 

• EQUIPMENT SELECTION, TRIANING, AND ENVIRONMENTAL ADAPTATIONS 
o Equipment Selection[8]–[10], [18]–[30] 

§ Pros and cons of changing to a power wheelchair 
§ High strength fully customizable wheelchair made of the lightest material 
§ Rear axle horizontal placement 
§ Other 

o Training [31]–[45] 
§ Use long smooth strokes that limit high impacts on the pushrim 
§ Allow the hand to drift down naturally keeping it below the pushrim.  
§ Promote an appropriate seated posture and stabilization. 
§ Other – Wheelies; Education for the clinician; General 

o Environmental Adaptations [46]–[48] 
§ Complete a thorough assessment of the patient’s environment, obtain the appropriate equipment, 

and complete modifications to the home 
• EXERCISE – Health and wellness [49]–[55] 
• OUTCOMES – Outcome Measures [56]–[64] 
• PEDIATRICS [65], [66]  
• OLDER ADULT [67]–[69] 

 
SUMMARY 
The role of evidence-based practice within the service delivery process is increasing due to demand from consumers, 3rd 
party payers, government agencies and professionals working within the field of seating and wheeled mobility.  We have 
demonstrated the application of external evidence, specifically clinically relevant scientific literature, in providing an 
update on the Preservation of Upper Limb Function Following Spinal Cord Injury: A Clinical Practice Guideline for 
Health-Care Professionals.  Finally, we have demonstrated the process necessary to incorporate evidence-based practice 
into clinical practice. The clinically relevant literature review within the evidence-based practice framework provide 
rehabilitation professionals further guidance on how to improve the services they provide to individuals with disabilities. 
Given the increase in the amount of research with a focus on manual wheelchair propulsion over the past 10 years, a 
systematic review of the literature, and a revision of the clinical practice guidelines is necessary. 
 
Carmen DiGiovine and Theresa Berner have an affiliation (financial or otherwise) with an equipment, medical device or 
communications organization. The Ohio State University has received research funding from Dynamic Controls and 
Invacare Corporation. 
 
Tina Roesler has an affiliation (financial or otherwise (financial or otherwise) with an equipment, medical device or 
communications organization during the past two calendar years. Ms. Roesler works for TiLite, Inc. 
 
REFERENCES 
[1] D. L. Sackett, W. S. Richardson, W. M. Rosenberg, and R. B. Haynes, Evidence-based Medicine: How to Practice & 

Teach EBM. New York: Churchhill Linvingstone, 1997. 
[2] D. L. Sackett, W. M. Rosenberg, J. A. Gray, R. B. Haynes, and W. S. Richardson, “Evidence based medicine: what it 

is and what it isn’t,” BMJ, vol. 312, no. 7023, pp. 71–72, Jan. 1996. 
[3] S. Rappolt, “The role of professional expertise in evidence-based occupational therapy,” Am. J. Occup. Ther. Off. 

Publ. Am. Occup. Ther. Assoc., vol. 57, no. 5, pp. 589–593, Oct. 2003. 
[4] M. L. Boninger, R. L. Waters, T. Chase, M. P. J. M. Dijkers, H. Gellman, R. J. Gironda, B. Goldstein, S. Johnson-

Taylor, A. Koontz, and S. McDowell, Preservation of Upper Limb Function Following Spinal Cord Injury: A 
Clinical Practice Guideline for Health-Care Professionals. Consortium for Spinal Cord Medicine, 2005. 

[5] C. P. DiGiovine, T. Roesler, and T. Berner, “Manual Wheelchair Configuration and Training: An Update on the 
Evidence,” in 25th International Seating Symposium, Olando, FL, 2009, pp. 81–83. 

[6] T. F. Berner, C. P. DiGiovine, and T. L. Roesler, “Manual Wheelchair Configuration and Training: An Update on the 
Evidence,” presented at the 26th International Seating Symposium, 2010, vol. 26th, pp. 180–185. 

[7] T. Berner and T. Roesler, “Manual Wheelchair Configuration and Training: An Update on the Evidence 2012,” in 
28th International Seating Symposium, Vancouver, B. C., 2012, pp. 239–242. 



Page 3 of 5 

[8] J. S. Slowik and R. R. Neptune, “A theoretical analysis of the influence of wheelchair seat position on upper 
extremity demand,” Clin. Biomech. Bristol Avon, Apr. 2013. 

[9] R. J. Triolo, S. N. Bailey, L. M. Lombardo, M. E. Miller, K. Foglyano, and M. L. Audu, “Effects of Intramuscular 
Trunk Stimulation on Manual Wheelchair Propulsion Mechanics in Six Subjects with Spinal Cord Injury,” Arch. 
Phys. Med. Rehabil., Apr. 2013. 

[10] A. Faupin, B. Borel, C. Meyer, P. Gorce, and E. Watelain, “Effects of synchronous versus asynchronous mode of 
propulsion on wheelchair basketball sprinting,” Disabil. Rehabil. Assist. Technol., Jan. 2013. 

[11] F. Dellabiancia, G. Porcellini, and G. Merolla, “Instruments and techniques for the analysis of wheelchair propulsion 
and upper extremity involvement in patients with spinal cord injuries: current concept review,” Muscles Ligaments 
Tendons J., vol. 3, no. 3, pp. 150–156, 2013. 

[12] J. M. Munaretto, J. L. McNitt-Gray, H. Flashner, and P. S. Requejo, “Reconfiguration of the upper extremity relative 
to the pushrim affects load distribution during wheelchair propulsion,” Med. Eng. Phys., vol. 35, no. 8, pp. 1141–
1149, Aug. 2013. 

[13] I. M. Rice, C. Jayaraman, E. T. Hsiao-Wecksler, and J. J. Sosnoff, “Relationship Between Shoulder Pain and Kinetic 
and Temporal-Spatial Variability in Wheelchair Users,” Arch. Phys. Med. Rehabil., Nov. 2013. 

[14] M. Leary, J. Gruijters, M. Mazur, A. Subic, M. Burton, and F. K. Fuss, “A fundamental model of quasi-static 
wheelchair biomechanics,” Med. Eng. Phys., 2012. 

[15] A. M. Koontz, L. A. Worobey, I. M. Rice, J. L. Collinger, and M. L. Boninger, “Comparison between overground 
and dynamometer manual wheelchair propulsion,” J. Appl. Biomech., vol. 28, no. 4, pp. 412–419, Aug. 2012. 

[16] S. Raina, J. L. McNitt-Gray, S. Mulroy, and P. S. Requejo, “Effect of increased load on scapular kinematics during 
manual wheelchair propulsion in individuals with paraplegia and tetraplegia,” Hum. Mov. Sci., vol. 31, no. 2, pp. 
397–407, Apr. 2012. 

[17] J. P. Lenton, L. H. van der Woude, N. E. Fowler, G. Nicholson, K. Tolfrey, and V. L. Goosey-Tolfrey, “Hand-rim 
Forces and Gross Mechanical Efficiency at Various Frequencies of Wheelchair Propulsion,” Int. J. Sports Med., 
2012. 

[18] C. Sauret, P. Vaslin, J. Bascou, H. Pillet, and F. Lavaste, “Proposal of an index for evaluating pitch instability during 
actual locomotion with a manual wheelchair,” Comput. Methods Biomech. Biomed. Engin., vol. 16 Suppl 1, pp. 130–
131, 2013. 

[19] J. Bascou, C. Sauret, H. Pillet, P. Vaslin, P. Thoreux, and F. Lavaste, “A method for the field assessment of rolling 
resistance properties of manual wheelchairs,” Comput. Methods Biomech. Biomed. Engin., vol. 16, no. 4, 2012. 

[20] M. G. M. Kloosterman, G. J. Snoek, L. H. V. van der Woude, J. H. Buurke, and J. S. Rietman, “A systematic review 
on the pros and cons of using a pushrim-activated power-assisted wheelchair,” Clin. Rehabil., vol. 27, no. 4, pp. 299–
313, Apr. 2013. 

[21] C. Sauret, J. Bascou, N. de Saint Rémy, H. Pillet, P. Vaslin, and F. Lavaste, “Assessment of field rolling resistance of 
manual wheelchairs,” J. Rehabil. Res. Dev., vol. 49, no. 1, pp. 63–74, 2012. 

[22] D. Bashton, A. Mandy, D. Haines, and J. Cameron, “Comparison of activities of daily living in two different one arm 
drive wheelchairs: a controlled trial,” Disabil Rehabil Assist Technol, vol. 7, no. 1, pp. 75–81, 2012. 

[23] M. G. M. Kloosterman, H. Eising, L. Schaake, J. H. Buurke, and J. S. Rietman, “Comparison of shoulder load during 
power-assisted and purely hand-rim wheelchair propulsion,” Clin. Biomech. Bristol Avon, vol. 27, no. 5, pp. 428–
435, Jun. 2012. 

[24] Y.-S. Yang, A. M. Koontz, S.-J. Yeh, and J.-J. Chang, “Effect of backrest height on wheelchair propulsion 
biomechanics for level and uphill conditions,” Arch. Phys. Med. Rehabil., vol. 93, no. 4, pp. 654–659, Apr. 2012. 

[25] B. Mason, L. van der Woude, K. Tolfrey, J. Lenton, and V. Goosey-Tolfrey, “Effects of Wheel and Hand-Rim Size 
on Submaximal Propulsion in Wheelchair Athletes,” Med Sci Sports Exerc, vol. 44, no. 1, pp. 126–34, Jan. 2012. 

[26] L. Moody, A. Woodcock, M. Heelis, C. Chichi, S. Fielden, and D. Stefanov, “Improving wheelchair prescription: an 
analysis of user needs and existing tools,” Work Read. Mass, vol. 41, pp. 1980–1984, 2012. 

[27] U. Arnet, S. van Drongelen, A. Scheel-Sailer, L. H. V. van der Woude, and D. H. E. J. Veeger, “Shoulder load during 
synchronous handcycling and handrim wheelchair propulsion in persons with paraplegia,” J. Rehabil. Med. Off. J. 
UEMS Eur. Board Phys. Rehabil. Med., vol. 44, no. 3, pp. 222–228, Mar. 2012. 

[28] B. Mason, L. van der Woude, J. P. Lenton, and V. Goosey-Tolfrey, “The Effect of Wheel Size on Mobility 
Performance in Wheelchair Athletes,” Int. J. Sports Med., 2012. 

[29] C.-Y. Tsai, C.-J. Lin, Y.-C. Huang, P.-C. Lin, and F.-C. Su, “The effects of rear-wheel camber on the kinematics of 
upper extremity during wheelchair propulsion,” Biomed. Eng. Online, vol. 11, p. 87, 2012. 

[30] P. Gorce and N. Louis, “Wheelchair propulsion kinematics in beginners and expert users: Influence of wheelchair 
settings,” Clin. Biomech., vol. 27, no. 1, pp. 7–15, Jan. 2012. 

[31] B. Mason, J. Lenton, C. Leicht, and V. Goosey-Tolfrey, “A physiological and biomechanical comparison of over-
ground, treadmill and ergometer wheelchair propulsion,” J. Sports Sci., Jul. 2013. 



Page 4 of 5 

[32] L. Qi, J. Wakeling, S. Grange, and M. Ferguson-Pell, “Coordination patterns of shoulder muscles during level-
ground and incline wheelchair propulsion,” J. Rehabil. Res. Dev., vol. 50, no. 5, pp. 651–662, Aug. 2013. 

[33] C. Sauret, P. Vaslin, F. Lavaste, N. de Saint Remy, and M. Cid, “Effects of user’s actions on rolling resistance and 
wheelchair stability during handrim wheelchair propulsion in the field,” Med. Eng. Phys., vol. 35, no. 3, pp. 289–297, 
Mar. 2013. 

[34] I. M. Rice, R. T. Pohlig, J. D. Gallagher, and M. L. Boninger, “Handrim wheelchair propulsion training effect on 
overground propulsion using biomechanical real-time visual feedback,” Arch. Phys. Med. Rehabil., vol. 94, no. 2, pp. 
256–263, Feb. 2013. 

[35] L. A. Rice, I. Smith, A. R. Kelleher, K. Greenwald, and M. L. Boninger, “Impact of a Wheelchair Education Protocol 
based on Practice Guidelines for Preservation of Upper Limb Function: A Randomized Trial,” Arch. Phys. Med. 
Rehabil., Jul. 2013. 

[36] R. Vegter, S. de Groot, C. Lamoth, D. Veeger, and L. Van der Woude, “Initial Skill Acquisition of Handrim 
Wheelchair Propulsion: A New Perspective,” IEEE Trans. Neural Syst. Rehabil. Eng. Publ. IEEE Eng. Med. Biol. 
Soc., Oct. 2013. 

[37] R. Charbonneau, R. L. Kirby, and K. Thompson, “Manual wheelchair propulsion by people with hemiplegia: within-
participant comparisons of forward versus backward techniques,” Arch. Phys. Med. Rehabil., vol. 94, no. 9, pp. 
1707–1713, Sep. 2013. 

[38] L. Qi, J. Wakeling, S. Grange, and M. Ferguson-Pell, “Patterns of Shoulder Muscle Coordination Vary Between 
Wheelchair Propulsion Techniques,” IEEE Trans. Neural Syst. Rehabil. Eng. Publ. IEEE Eng. Med. Biol. Soc., Jun. 
2013. 

[39] S. V. Hiremath, D. Ding, J. Farringdon, N. Vyas, and R. A. Cooper, “Physical activity classification utilizing 
SenseWear activity monitor in manual wheelchair users with spinal cord injury,” Spinal Cord, vol. 51, no. 9, pp. 
705–709, Sep. 2013. 

[40] B. M. Sakakibara, W. C. Miller, J. J. Eng, C. L. Backman, and F. Routhier, “Preliminary examination of the relation 
between participation and confidence in older manual wheelchair users,” Arch. Phys. Med. Rehabil., vol. 94, no. 4, 
pp. 791–794, Apr. 2013. 

[41] P. Starrs, A. Chohan, D. Fewtrell, J. Richards, and J. Selfe, “Biomechanical differences between experienced and 
inexperienced wheelchair users during sport,” Prosthet. Orthot. Int., vol. 36, no. 3, pp. 324–331, 2012. 

[42] L. Qi, J. Wakeling, S. Grange, and M. Ferguson-Pell, “Changes in surface electromyography signals and kinetics 
associated with progression of fatigue at two speeds during wheelchair propulsion,” J. Rehabil. Res. Dev., vol. 49, no. 
1, pp. 23–34, 2012. 

[43] M. Lalumiere, D. Gagnon, F. Routhier, G. Desroches, J. Hassan, and L. J. Bouyer, “Effects of rolling resistances on 
handrim kinetics during the performance of wheelies among manual wheelchair users with a spinal cord injury,” 
Spinal Cord, vol. 51, no. 3, pp. 245–251, Mar. 2013. 

[44] A. M. Kwarciak, J. T. Turner, L. Guo, and W. M. Richter, “The effects of four different stroke patterns on manual 
wheelchair propulsion and upper limb muscle strain,” Disabil. Rehabil. Assist. Technol., vol. 7, no. 6, pp. 459–463, 
Nov. 2012. 

[45] J. W. Rankin, A. M. Kwarciak, W. M. Richter, and R. R. Neptune, “The influence of wheelchair propulsion 
technique on upper extremity muscle demand: a simulation study,” Clin. Biomech. Bristol Avon, vol. 27, no. 9, pp. 
879–886, Nov. 2012. 

[46] C. Sauret, V. Faye, J. Bascou, H. Pillet, and F. Lavaste, “Handrim mechanical power during wheelchair propulsion 
on level and cross-slope surfaces: a preliminary study,” Comput. Methods Biomech. Biomed. Engin., vol. 16 Suppl 1, 
pp. 124–125, Jul. 2013. 

[47] R. A. Cooper, A. M. Molinero, A. Souza, D. M. Collins, A. Karmarkar, E. Teodorski, and M. Sporner, “Effects of 
cross slopes and varying surface characteristics on the mobility of manual wheelchair users,” Assist. Technol. Off. J. 
RESNA, vol. 24, no. 2, pp. 102–109, 2012. 

[48] J. Nagy, A. Winslow, J. M. Brown, L. Adams, K. O’Brien, M. Boninger, and G. Nemunaitis, “Pushrim kinetics 
during advanced wheelchair skills in manual wheelchair users with spinal cord injury,” Top. Spinal Cord Inj. 
Rehabil., vol. 18, no. 2, pp. 140–142, 2012. 

[49] M. Lalumiere, D. H. Gagnon, J. Hassan, G. Desroches, R. Zory, and D. Pradon, “Ascending curbs of progressively 
higher height increases forward trunk flexion along with upper extremity mechanical and muscular demands in 
manual wheelchair users with a spinal cord injury,” J. Electromyogr. Kinesiol. Off. J. Int. Soc. Electrophysiol. 
Kinesiol., Jul. 2013. 

[50] A. C. B. Coutinho, F. R. Neto, and C. E. V. Perna, “Determination of normative values for 20  min exercise of 
wheelchair propulsion by spinal cord injury patients,” Spinal Cord, vol. 51, no. 10, Sep. 2013. 

[51] U. Arnet, S. van Drongelen, D. H. Veeger, and H. V. van der Woude L, “Force Application during Handcycling and 
Handrim Wheelchair Propulsion: an Initial Comparison,” J. Appl. Biomech., Jan. 2013. 



Page 5 of 5 

[52] L. Croft, J. Lenton, K. Tolfrey, and V. Goosey-Tolfrey, “The effects of experience on the energy cost of wheelchair 
propulsion,” Eur. J. Phys. Rehabil. Med., Apr. 2013. 

[53] M. A. Moreno, J. V. Paris, K. J. Sarro, A. Lodovico, A. P. Silvatti, and R. M. L. Barros, “Wheelchair rugby improves 
pulmonary function in people with tetraplegia after 1 year of training,” J. Strength Cond. Res. Natl. Strength Cond. 
Assoc., vol. 27, no. 1, pp. 50–56, Jan. 2013. 

[54] J. W. van der Scheer, S. de Groot, K. Postema, D. H. E. J. Veeger, and L. H. V. van der Woude, “Design of a 
randomized-controlled trial on low-intensity aerobic wheelchair exercise for inactive persons with chronic spinal 
cord injury,” Disabil. Rehabil., vol. 35, no. 13, pp. 1119–1126, Jun. 2013. 

[55] M. A. Moreno, A. R. Zamuner, J. V. Paris, R. M. Teodori, and R. M. Barros, “Effects of wheelchair sports on 
respiratory muscle strength and thoracic mobility of individuals with spinal cord injury,” Am. J. Phys. Med. Rehabil. 
Assoc. Acad. Physiatr., vol. 91, no. 6, pp. 470–477, 2012. 

[56] O. Verschuren, M. Zwinkels, J. Obeid, N. Kerkhof, M. Ketelaar, and T. Takken, “Reliability and validity of short-
term performance tests for wheelchair-using children and adolescents with cerebral palsy,” Dev. Med. Child Neurol., 
vol. 55, no. 12, pp. 1129–1135, Dec. 2013. 

[57] O. Verschuren, M. Zwinkels, M. Ketelaar, F. Reijnders-van Son, and T. Takken, “Reproducibility and validity of the 
10-meter shuttle ride test in wheelchair-using children and adolescents with cerebral palsy,” Phys. Ther., vol. 93, no. 
7, pp. 967–974, Jul. 2013. 

[58] S. Askari, R. L. Kirby, K. Parker, K. Thompson, and J. O’Neill, “Wheelchair propulsion test: development and 
measurement properties of a new test for manual wheelchair users,” Arch. Phys. Med. Rehabil., vol. 94, no. 9, pp. 
1690–1698, Sep. 2013. 

[59] O. Fliess-Douer, Y. C. Vanlandewijck, M. W. M. Post, L. H. V. Van Der Woude, and S. De Groot, “Wheelchair 
skills performance between discharge and one year after inpatient rehabilitation in hand-rim wheelchair users with 
spinal cord injury,” J. Rehabil. Med. Off. J. UEMS Eur. Board Phys. Rehabil. Med., vol. 45, no. 6, pp. 553–559, Jun. 
2013. 

[60] H. M. Dumas, M. A. Fragala-Pinkham, T. Feng, and S. M. Haley, “A preliminary evaluation of the PEDI-CAT 
Mobility item bank for children using walking aids and wheelchairs,” J. Pediatr. Rehabil. Med., vol. 5, no. 1, pp. 29–
35, 2012. 

[61] D. Pradon, N. Pinsault, R. Zory, and F. Routhier, “Could mobilty performance measures be used to evaluate 
wheelchair skills?,” J. Rehabil. Med., vol. 44, no. 3, pp. 276–279, 2012. 

[62] F. Routhier, R. L. Kirby, L. Demers, M. Depa, and K. Thompson, “Efficacy and Retention of the French-Canadian 
Version of the Wheelchair Skills Training Program for Manual Wheelchair Users: A Randomized Controlled Trial,” 
Arch. Phys. Med. Rehabil., 2012. 

[63] M. Vereecken, G. Vanderstraeten, and S. Ilsbroukx, “From ‘Wheelchair Circuit’ to ‘Wheelchair Assessment 
Instrument for People with Multiple Sclerosis’: Reliability and Validity Analysis of a Test to Assess Driving Skills in 
Manual Wheelchair Users With Multiple Sclerosis,” Arch. Phys. Med. Rehabil., 2012. 

[64] O. Verschuren, M. Ketelaar, J. De Groot, F. Vila Nova, and T. Takken, “Reproducibility of two functional field 
exercise tests for children with cerebral palsy who self-propel a manual wheelchair,” Dev. Med. Child Neurol., vol. 
55, no. 2, pp. 185–190, Feb. 2013. 

[65] C. Maher, “Anaerobic tests for wheelchair-using children with cerebral palsy: the ‘scroll saw’ of the exercise test 
toolbox?,” Dev. Med. Child Neurol., Jul. 2013. 

[66] C. I. Kerfeld, B. J. Dudgeon, J. M. Engel, and D. Kartin, “Development of items that assess physical function in 
children who use wheelchairs,” Pediatr. Phys. Ther. Off. Publ. Sect. Pediatr. Am. Phys. Ther. Assoc., vol. 25, no. 2, 
pp. 158–166, 2013. 

[67] B. M. Sakakibara, W. C. Miller, M. Souza, V. Nikolova, and K. L. Best, “Wheelchair skills training to improve 
confidence with using a manual wheelchair among older adults: a pilot study,” Arch. Phys. Med. Rehabil., vol. 94, 
no. 6, pp. 1031–1037, Jun. 2013. 

[68] W. B. Mortenson, W. C. Miller, C. L. Backman, and J. L. Oliffe, “Association Between Mobility, Participation, and 
Wheelchair-Related Factors in Long-Term Care Residents Who Use Wheelchairs as Their Primary Means of 
Mobility,” J. Am. Geriatr. Soc., vol. 60, no. 7, pp. 1310–1315, Jul. 2012. 

[69] A. M. Karmarkar, B. E. Dicianno, J. E. Graham, R. Cooper, A. Kelleher, and R. A. Cooper, “Factors associated with 
provision of wheelchairs in older adults,” Assist. Technol. Off. J. RESNA, vol. 24, no. 3, pp. 155–167, 2012. 


