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ABSTRACT

Wheelchairs are the most common means of transportation for people with spinal cord injury (SCI). The needs,
requirements, functional capabilities and personal preferences of the SCI patient should be clarified in order to
obtain a wheelchair that will satisfactorily meet its particularities and will enjoy maximum comfort. The purpose
of this study is to review the designs of wheelchairs used in the rehabilitation of patients with SCI. In the PU-
BMED electronic database, a search was performed with the use of the following keywords: “wheelchair” AND
“spinal cord injury” AND “design”. Inclusion criteria were studies evaluating wheelchair design in patients
with SCI. The search revealed 573 papers. After checking titles and excluding papers, 48 studies were left for the
present review. The proper design of wheelchair is vital to the quality of life of SCI patient. The design character-
istics of the seat, the backrest, the wheels, the footrests, the cushions and other accessories may help SCI patients
increase their independence and functionality and prevent from pressure ulcers.
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Introduction

Patients with spinal cord injury (SCI) suffer from a loss
of mobility and sensation below the level of the injury.
Some patients with incomplete injury below T12 have
the ability to mobilize independently and self-care
indoors and / or outdoors. However, in many cases,
independent mobilization is impossible as the SCI
causes problems that significantly affect patients’ func-
tionality. Their functional outcome depends on many
factors such as the age of the patient, the level of the
lesion, the type of lesion (complete or incomplete), the
maintaining motor and sensation function, the body
type, etc. The most important of these patients’ prob-
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lems are severe lack of mobility, loss of balance, spas-
ticity as well as chronic pain and increased fatigue.
These are the most important factors that lead patients
to become partially or completely dependent on the
use of wheelchair for travel and performing functional
activities, as they have difficulty or are unable to move
comfortably, easily and without assistance.
Wheelchairs are the most common means of trans-
portation for people with SCI. The first wheeled device
is found in China and Greece around the 6th centu-
ry BC. Later, around 525 AD, the first wheelchairs for
people transportation appear in Greek and Chinese
works of art. In 1655, Stephen Farfler, a paraplegic
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watchmaker, made a self-promoted three-wheeled
chair. In 1783, John Dawson in Bath, England, invented
a wheelchair with two large wheels at the rear and a
small wheel at the front, surpassing all other wheel-
chairs invented by the early 19th century. In 1900, the
first radial wheels were added to wheelchairs. In 1916
the first motorized wheelchair was built in London. In
1933, the first folding, lightweight steel wheelchair was
invented by Harry Jennings and Herbert Everest who
had broken his back in an accident [1-2]. Since then, the
evolution of technology and the seasonal trends have
contributed to the construction of wheelchairs from
different materials and different designs in order to
meet different needs [3].

Wheelchair-dependent SCI patients use the power
and function of their upper limbs for the manual push
of the wheelchair and the performance of functional
activities such as moving from their chair and move-
ment of paralyzed body areas to avoid pressure ulcers
[4]. Transportation is necessary daily as patients have
to move to and from the bed, bathtub, toilet, car seat,
etc. They are one of the most important and determin-
ing factors for community involvement and quality of
life [5]. The number of daily transports varies widely,
with some studies reporting a low average of 8 trans-
fers per day, others estimating numbers that are closer
to 20 transfers per day. Taking all these into consid-
eration, the identification of the most suitable wheel-
chair is a difficult process and must be performed by
the rehabilitation team. More than 55% of wheelchair
has been found to be inappropriate for SCI patients [6].
The needs, requirements, functional capabilities and
personal preferences of the SCI patient should be clar-
ified in order to obtain a wheelchair that will satisfac-
torily meet its particularities and will enjoy maximum
comfort.

The purpose of this study is to review the designs of
wheelchairs used in the rehabilitation of patients with
SCI.

Materials and Methods

In the PUBMED electronic database, a search was
performed with the use of the following keywords:
“wheelchair” AND “spinal cord injury” AND “de-
sign”. Inclusion criteria were studies evaluating wheel-
chair design in patients with SCI.

Results

The search revealed 573 papers. After checking titles,
507 articles were rejected. Among the 67 publications
evaluated, 18 were excluded as they did not mention
wheelchair design or did not involve SCI patients,
leaving finally 48 studies for the present review.

Goals of the wheelchair design

Choosing the right wheelchair is of paramount impor-
tance, as the right type provides every possible facility
in the daily life of SCI patients. The wheelchair should
be designed in a way that it can be used easily and safe-
ly by SCI patients providing comfort, stability and er-
gonomics. It should be flexible and easy to move both
indoors and outdoors or at the patient’s workplace.
Additional goals include the possibility of adjusting
the individual sections, the installation of removable
covers to be washed and the use of ecological and re-
cyclable materials [7]. The right choice of wheelchair
makes the SCI patient more autonomous, sometimes
relieves him of the need to rely on other people and
increases his engagement with activities [8].

Wheelchair design characteristics

Seat

A proper wheelchair should provide a comfortable
seat, good support for the back and the entire muscu-
loskeletal system. This also helps in better breathing,
easier swallowing and reducing pain along with the
prevention of pressure ulcers [9-10]. The seat must be
detachable from the main frame in order to be washed
or cleaned [11]. Standard seat sizes are not suitable for
every person and every type of disability. The seat of
the wheelchair should be designed in order to allow
ventilation of the patient’s body, easy access, the pos-
sibility of aligning the backrest to allow physical ther-
apy, the folding of the seat for easy transport and easy
storage. It is important to calculate correctly [12-13]:

° The width of the seat, as it should be spacious
for the hips, but not so spacious for the hands to reach
the wheels.

. The depth of the seat should prevent lower
limb vasoconstriction.

o The height of the seat should be adjusted to
the body type of each patient to offer support and free-
dom. A lower seat position has been associated with
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Fig. 1 Study Flowchart.

Studies through search in
Pubmed electronic
database (n = 573)

Titles and abstracts
screened (n =573)

Studies not relevant with
the review (n = 507)

Full-text articles assessed
for eligibility (n = 66)
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Full-text articles excluded
for various reasons

Articles finally included in
this review (n = 48)

greater upper limb motions

Adding weight to the wheelchair can affect stability,
and therefore packages or backpacks ideally should be
located underneath the seat of the chair [14].

Backrest

The wheelchair backrest is manufactured by a flexible
material stretched between the two side frames which
are fixed with respect to the seat. The backrest should

v

(n =18)

Articles not mentioning
wheelchair design
(n=15)

Articles not mentioning
spinal cord injuries (n = 3)

be high enough to support the spinal curves without
inhibiting motion, yet not so low that the scapulae can
hang over the back of the wheelchair and cause dis-
comfort [7, 15]. A right detachable backrest may im-
prove upright posture, functionality and wheelchair
propulsion skills [16-17]. Changing wheelchair tilt
with an inclinable backrest may be beneficial in reliev-
ing the pressure at ischial tuberosities and sacrum, by
changing the intensity and direction of skin pressure,
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providing protection from pressure ulcers [18-21].

Footrests

The footrests are an essential and integral part of a
wheelchair as they provide support to the feet and cre-
ate a sense of security for SCI patients as they them-
selves may not control their feet. The type and length
of the footrest must be determined by the type of use.
In any case, the height of the feet should prevent the
legs from hanging down and on the other hand it
should not push upwards to create a slope in the pel-
vic area [22].

Cushions

Protective pads and soft, flexible cushions are impor-
tant for relieving pressure and the prevention of pres-
sure injuries [23-27].Cushions are also important for
stabilizing the pelvis and providing postural support
[28]. Therefore, patients with SCI should use an appro-
priate, regularly cleaned cushion for their wheelchairs
[29].

Wheels and tires

The basic type of wheelchair has two 24-inch diameter
rear wheels and two 8 inch caster wheels in the front.
The tires may be pneumatic, semi-pneumatic, or solid.
Solid rubber tires are suitable for use on smooth sur-
face and indoors. The semi-pneumatic and pneumatic
tires are more suitable for rough surfaces and outdoor
use as they provide shock absorption. Tire pressure
affects wheelchair durability. Pneumatic tires provide
a smoother ride and their shock absorber action may
increase the life duration of a wheelchair under proper
inflation [30-31].

Wheelchair accessories

The use of the table is essential as it allows the patient
to dine, read and more. The table should not obstruct
the patient with its position, so it should be folded or
detachable. Ergonomic hand rims improve SCI pa-
tients” symptoms, functionality and independence
[32]. Wheelchair arms should be light and detachable,
providing support and facilitating the transfer into and
from the wheelchair. The rear axle should be moved
forward incrementally, provided the wheelchair user
feels stable [14, 33]. Wheelchair rear-suspension sys-

tems may improve wheelchair mobility by providing
comfort at higher speeds, and by minimizing the seat
forces and head accelerations experienced by the SCI
patients [34].

Types of wheelchair
Wheelchairs are classified into the following types:
Manual wheelchairs (simple type wheelchairs, special
type wheelchairs), electric wheelchairs, lightweight
wheelchairs, scooters, standing power wheelchairs,
bath-toilet wheelchairs and sea wheelchairs

The standard manual wheelchair has two side
frames linked by a cross-bar that is pivoted about its
intersection and a flexible and foldable seat and back-
rest, two large driving wheels at the rear, and two
caster wheels at the front. Manual wheelchairs may be
used by patients with paraplegia who have the ability
to move the upper limbs or by patients who use the
wheelchair occasionally [35-36]. Repairs completed on
the wheels and casters were the most frequent repairs
to manual wheelchairs [37].

Simple-type wheelchairs

Simple wheelchairs may be used at almost every type
of disability. They include (a) wheelchairs with large
rear wheels (intended for outdoor use), (b) wheel-
chairs with medium rear wheels (suitable for both
outdoor and indoor), (c) wheelchairs with small rear
wheels (recommended only for indoors) and (d) spe-
cial types [38-39].

The first type is a wheelchair with two large wheels
at the rear and two smaller ones at the front. It is used
outdoors as it is more flexible, easy to use and offers
the patient the opportunity to put it at an angle, so that
he can climb stairs and pass over obstacles. Many times
a second, auxiliary frame is applied to the main frame
of the wheelchair, which smoothens the weight distri-
bution and prevents the overturning of the wheelchair
[39]. Various anti-rollback devices may assist manual
wheelchair users to ascend ramps and inclines [40].

The second type is a wheelchair with two medium
wheels at the rear and two smaller ones at the front.
These wheelchairs are ideal for movement inside or
outside the house, but always with the help of an at-
tendant since the patient cannot move alone. Moving
around a house is easier, but it puts a lot of restrictions
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on transportation and is not practical, especially when
it comes to obstacles [39].

The third type is a wheelchair with 4 small identical
wheels at the rear and at the front. These wheelchairs
are ideal for indoor use only, as the size of the rear
wheel does not allow them to move outdoors. Patients
with this type of wheelchair need the help of an at-
tendant in order to move, while there are usually no
extra amenities. Their big advantage, however, is their
extremely small width, which allows them to fit even
in very narrow spaces [39].

Special categories of simple wheelchairs may offer
greater comforts and include folding wheelchairs,
wheelchairs with braking assistance, wheelchairs with
separated backrest, recliner wheelchairs, wheelchairs
with retractable sides, wheelchairs with retractable
footrests [41].

Special-type wheelchairs

They are wheelchairs for specialized uses, specially
designed for SCI patients with sports disabilities, who
have lower backrests and extra features, mainly to of-
fer safety and balance during use. Most of them have
areclining backrest, reinforced mechanisms and many
practical adjustments that ensure complete comfort
and cover every need. They are reinforced with large
inflatable rear wheels, inflatable front wheels, folding
or fixed frame, with brakes, adjustable backrest and
seat, removable and adjustable footrests and push
handles [39].

Electric wheelchairs

Electric wheelchairs are designed to be used by SCI
patients who cannot move wheelchairs manually or
who would have to waste too much energy doing so.
This involves patients with very limited mobility of
the upper extremities and especially in cases of quad-
riplegia and SCI above C7 level. It moves with two
motors with battery lithium 12V, speed up to 10 km/
hr and carrying capacity up to 100 kg [42-43].

The electric wheelchair has a high backrest, with
specialized head or hand controls, with front wheels,
with detachable legs, either with high support in the
gastrocnemius area or with support at the height of
the heel, with a seat and with cushions [43-44]. Elec-
tric wheelchairs allow tilt and recline maneuvers,

redistributing loads away from coccyx and ischium,
preventing ulcers [45]. However, using a motorized
wheelchair has certain disadvantages, such as poten-
tial weight gain, increased rate of electrical failures
and repairs, deconditioning and increased cost. Elec-
tric wheelchairs are also associated with decreased
transportability and increased maintenance [6, 46-48].

Lightweight wheelchair

The standard lightweight wheelchairs are manufac-
tured by most companies as a variant of the standard
models. They are wheelchairs with a light frame and
accessories that contributes to easy movement. They
are wheeled with brakes, manufactured by light alloy
frame (aluminum, titanium or magnesium) with ad-
justable center of gravity, angulated seat and backrest,
removable 24-inch rear wheels and footrests, swing-
ing detachable footrests and with high support in the
gastrocnemius area. Its maximum weight is up to 12
kg without rear wheels, about the 2/3 of the standard
model. Lightweight wheelchairs, generally preferred
by patients with paraplegia, they may be easily placed
in cars and contribute to increased mobility and free-
dom of movement, independence and enhanced so-
cialization [49].

The sports wheelchair is a very lightweight wheel-
chair, with a weight less than 12.5 kg and is designed
for intense use in sports activities with wheelchairs. Its
frame is disassembled and stored in a special box [50].
Development of this lightweight, high-performance,
sports chair has led to racing among wheelchair users
and has made playing sports from wheelchairs prac-
tical and enjoyable. These wheelchairs have also been
found useful in non-competitive recreation, such as
camping and mountain climbing. Recently, ultralight
wheelchairs have been manufactured by titanium and
aluminum, improving the efficiency of propulsion [30,
44].

Scooters

They are designed for SCI patients with incomplete le-
sions who can walk, but also who have very good con-
trol of the body. They are dynamic, electric-powered
systems, with four or three wheels, folding seat and
they are driven by steering wheel. Their main feature
is their rotating properties, facilitating entrance and
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exit of rooms [51].

Standing power wheelchair

The standing power wheelchair is an important aid
that helps patients with incomplete SCI and inability
to walk to stand in an upright position with the help
of a controller by simply pressing a button without
the need for adjustments or external assistance. These
wheelchairs offer the user the ability to automatically-
and safely-move from a sitting position into a standing
one [52].

Bathroom - Toilet wheelchair

It facilitates SCI patients as it has a toilet bowl, soft
seat, removable or folding legs, solid wheels, lifting
and fixed arms, brakes on the rear wheels and in some
cases a special waterproof lining suitable for bathing.

Sea wheelchairs
They are specially designed wheelchairs for easy roll-
ing in the sand, waterproof and durable.

Dangers from improper wheelchair designs
The right wheelchair can help prevent injuries related
to balance and instability. There are possible dangers
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from wheelchairs which are not properly fitted in SCI
patients. The pelvis and spine can be misplaced in the
wheelchair and at a later stage there is an increased
chance of serious health problems (such as fatigue,
pain, infections, tissue damage, respiratory problems
and permanent injuries). Simple wheelchairs provide
limited options and do not effectively serve everyone’s
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deformations, and the patient to gain maximum stabil-
ity for independent activity [53].

Conclusions

The choice of the proper wheelchair is of paramount
importance in SCI patients, as the right type provides
every possible facility in the daily life. The wheelchair
should be designed in a way that it can be used easily
and safely by SCI patients providing comfort, stability
and ergonomics. The right type of wheelchair makes
the SCI patient more independent, sometimes relieves
him of the need to rely on other people and increases
his engagement with activities.

ish experience. Spinal Cord 2014; 52(12): 901-4.

7. Sprigle S, Wootten M, Sawacha Z, et al. Relationships
among cushion type, backrest height, seated posture, and
reach of wheelchair users with spinal cord injury. J Spinal
Cord Med 2003; 26(3): 236-43.

8. Bayley MT, Kirby RL, Farahani F, et al. Development of
Wheeled Mobility indicators to advance the quality of
spinal cord injury rehabilitation: SCI-High Project. ] Spi-
nal Cord Med 2019; 42(sup1): 130-40.

9. Ferguson JE, Wittig BL, Payette M, et al. Pilot study of
strap-based custom wheelchair seating system in persons
with spinal cord injury. ] Rehabil Res Dev 2014; 51(8):
1255-64.

10. Kernozek TW, Lewin JE. Seat interface pressures of in-
dividuals with paraplegia: influence of dynamic wheel-

chair locomotion compared with static seated measure-

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Kouzelis A, et al. Wheelchair design for patients with spinal cord injuries

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ments. Arch Phys Med Rehabil 1998; 79(3): 313-6.
Hughes CJ, Weimar WH, Sheth PN, et al. Biomechanics
of wheelchair propulsion as a function of seat position
and user-to-chair interface. Arch Phys Med Rehabil 1992;
73(3): 263-9.

van der Woude LH, Veeger DJ, Rozendal RH, et al. Seat
height in handrim wheelchair propulsion. ] Rehabil Res
Dev 1989; 26(4): 31-50.

Boninger ML, Baldwin M, Cooper RA, et al. Manual
wheelchair pushrim biomechanics and axle position.
Arch Phys Med Rehabil 2000; 81(5): 608-13.

Kirby RL, Ashton BD, Ackroyd-Stolarz SA, et al. Adding
loads to occupied wheelchairs: effect on static rear and
forward stability. Arch Phys Med Rehabil 1996; 77(2):
183-6.

Hastings JD, Fanucchi ER, Burns SP. Wheelchair config-
uration and postural alignment in persons with spinal
cord injury. Arch Phys Med Rehabil 2003; 84(4): 528-34.
Presperin Pedersen J, Smith C, Dahlin M, et al. Wheel-
chair backs that support the spinal curves: Assessing
postural and functional changes. ] Spinal Cord Med 2020:
1-10.

May LA, Butt C, Kolbinson K, et al. Wheelchair back-sup-
port options: functional outcomes for persons with recent
spinal cord injury. Arch Phys Med Rehabil 2004; 85(7):
1146-50.

Giesbrecht EM, Ethans KD, Staley D. Measuring the ef-
fect of incremental angles of wheelchair tilt on interface
pressure among individuals with spinal cord injury. Spi-
nal Cord 2011; 49(7): 827-31.

Lung CW, Yang TD, Liau BY, et al. Dynamic changes in
seating pressure gradient in wheelchair users with spinal
cord injury. Assist Technol 2020; 32(5): 277-86.

Jan YK, Crane BA. Wheelchair tilt-in-space and recline
does not reduce sacral skin perfusion as changing from
the upright to the tilted and reclined position in people
with spinal cord injury. Arch Phys Med Rehabil 2013;
94(6): 1207-10.

Jan YK, Liao F, Jones MA, et al. Effect of durations of
wheelchair tilt-in-space and recline on skin perfusion
over the ischial tuberosity in people with spinal cord in-
jury. Arch Phys Med Rehabil 2013; 94(4): 667-72.
Janssen-Potten Y], Seelen HA, Drukker J, et al. The effect

of footrests on sitting balance in paraplegic subjects. Arch

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Phys Med Rehabil 2002; 83(5): 642-8.

Yuen HK, Garrett D. Comparison of three wheelchair
cushions for effectiveness of pressure relief. Am ] Occup
Ther 2001; 55(4): 470-5.

Mendes PVB, Gradim LCC, Silva NS, et al. Pressure dis-
tribution analysis in three wheelchairs cushions of sub-
jects with spinal cord injury. Disabil Rehabil Assist Tech-
nol 2019; 14(6): 555-60.

Sonenblum SE, Vonk TE, Janssen TW, et al. Effects of
wheelchair cushions and pressure relief maneuvers on
ischial interface pressure and blood flow in people with
spinal cord injury. Arch Phys Med Rehabil 2014; 95(7):
1350-7.

Brienza D, Vallely J, Karg P, et al. An MRI investigation
of the effects of user anatomy and wheelchair cushion
type on tissue deformation. J Tissue Viability 2018; 27(1):
42-53.

Burns SP, Betz KL. Seating pressures with conventional
and dynamic wheelchair cushions in tetraplegia. Arch
Phys Med Rehabil 1999; 80(5): 566-71.

Garber SL. Wheelchair cushions for spinal cord-injured
individuals. Am ] Occup Ther 1985; 39(11): 722-5.
Vilchis-Aranguren R, Gayol-Mérida D, Quinzafios-Fres-
nedo J, et al. A prospective, longitudinal, descriptive
study of the effect of a customized wheelchair cushion on
clinical variables, satisfaction, and functionality among
patients with spinal cord injury. Ostomy Wound Manage
2015; 61(2): 26-36.

Liu HY, Pearlman J, Cooper R, et al. Evaluation of alumi-
num ultralight rigid wheelchairs versus other ultralight
wheelchairs using ANSI/RESNA standards. ] Rehabil
Res Dev 2010; 47(5): 441-55.

Vorrink SN, Van der Woude LH, Messenberg A, et al.
Comparison of wheelchair wheels in terms of vibration
and spasticity in people with spinal cord injury. ] Rehabil
Res Dev 2008; 45(9): 1269-79.

Dieruf K, Ewer L, Boninger D. The natural-fit handrim:
factors related to improvement in symptoms and func-
tion in wheelchair users. ] Spinal Cord Med 2008; 31(5):
578-85.

Majaess GG, Kirby RL, Ackroyd-Stolarz SA, et al. Influ-
ence of seat position on the static and dynamic forward
and rear stability of occupied wheelchairs. Arch Phys
Med Rehabil 1993; 74(9): 977-82.

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA



Kouzelis A, et al. Wheelchair design for patients with spinal cord injuries

34.

35.

36.

37.

38.

39.

40.

41.

42.

READY -
CITATION c

Requejo PS, Kerdanyan G, Minkel J, et al. Effect of rear
suspension and speed on seat forces and head acceler-
ations experienced by manual wheelchair riders with
spinal cord injury. ] Rehabil Res Dev 2008; 45(7): 985-96.
de Groot S, Post MW, Bongers-Janssen HV, et al. Is man-
ual wheelchair satisfaction related to active lifestyle and
participation in people with a spinal cord injury? Spinal
Cord 2011; 49(4): 560-5.

Rushton PW, Miller WC, Mortenson WB, et al. Satis-
faction with participation using a manual wheelchair
among individuals with spinal cord injury. Spinal Cord
2010; 48(9): 691-6.

Toro ML, Worobey L, Boninger ML, et al. Type and Fre-
quency of Reported Wheelchair Repairs and Related
Adverse Consequences Among People With Spinal Cord
Injury. Arch Phys Med Rehabil 2016; 97(10): 1753-60.
Nitz JC, Bullock MI. Wheelchair design for people with
neuromuscular disability. Aust ] Physiother 1983; 29(2):
43-7.

Flemmer CL, Flemmer RC. A review of manual wheel-
chairs. Disabil Rehabil Assist Technol 2016; 11(3): 177-87.
Deems-Dluhy SL, Jayaraman C, Green S, et al. Evaluat-
ing the Functionality and Usability of Two Novel Wheel-
chair Anti-Rollback Devices for Ramp Ascent in Manual
Wheelchair Users With Spinal Cord Injury. PM R 2017;
9(5): 483-93.

Simpson RC, LoPresti EF, Cooper RA. How many peo-
ple would benefit from a smart wheelchair? ] Rehabil Res
Dev 2008; 45(1): 53-71.

Newsam CJ, Mulroy SJ, Gronley JK, et al. Temporal-spa-
tial characteristics of wheelchair propulsion. Effects of
level of spinal cord injury, terrain, and propulsion rate.
Am ] Phys Med Rehabil 1996; 75(4): 292-9.

Cooper RA, Fitzgerald SG, Boninger ML, et al. Evalua-
tion of a pushrim-activated, power-assisted wheelchair.
Arch Phys Med Rehabil 2001; 82(5): 702-8.

N

45.

46.

47.

48.

49.

50.

51.

52.

53.

VOLUME 73 | ISSUE 3 | JULY - SEPTEMBER 2022

Beekman CE, Miller-Porter L, Schoneberger M. Energy
cost of propulsion in standard and ultralight wheelchairs
in people with spinal cord injuries. Phys Ther 1999; 79(2):
146-58.

Chen Y, Wang J, Lung CW, et al. Effect of tilt and recline
on ischial and coccygeal interface pressures in people
with spinal cord injury. Am ] Phys Med Rehabil 2014;
93(12): 1019-30.

Worobey L, Oyster M, Pearlman J, et al. Differences
between manufacturers in reported power wheelchair
repairs and adverse consequences among people with
spinal cord injury. Arch Phys Med Rehabil 2014; 95(4):
597-603.

Worobey L, Oyster M, Nemunaitis G, et al. Increases
in wheelchair breakdowns, repairs, and adverse conse-
quences for people with traumatic spinal cord injury. Am
J Phys Med Rehabil 2012; 91(6): 463-9.

Jan YK, Jones MA, Rabadi MH, et al. Effect of wheelchair
tilt-in-space and recline angles on skin perfusion over the
ischial tuberosity in people with spinal cord injury. Arch
Phys Med Rehabil 2010; 91(11): 1758-64.

Brubaker CE. Wheelchair prescription: an analysis of fac-
tors that affect mobility and performance. ] Rehabil Res
Dev 1986; 23(4): 19-26.

Marszalek ] PhD PT, Kosmol AP, Mroz AP, et al. Physi-
ological parameters depending on two different types of
manual wheelchair propulsion. Assist Technol 2018: 1-7.
Tsai IH, Graves DE, Lai CH. The association of assistive
mobility devices and social participation in people with
spinal cord injuries. Spinal Cord 2014; 52(3): 209-15.
Preservation of upper limb function following spinal
cord injury: a clinical practice guideline for health-care
professionals. ] Spinal Cord Med 2005; 28(5): 434-70.
Bolin I, Bodin P, Kreuter M. Sitting position - posture and
performance in C5 - C6 tetraplegia. Spinal Cord 2000;
38(7): 425-34.

Kouzelis A, Vlamis I. Wheelchair design for patients with spinal cord injuries. Acta
Orthop Trauma Hell 2022; 73(3): 276-283.

ACTA ORTHOPAEDICA ET TRAUMATOLOGICA HELLENICA

28!

)]
)



