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Abstract
Purpose:
We present a novel wheelchair posture support device (WPSD) and its clinical validation. It was
developed in order to assure correct sitting posture and to reduce caregiver time spent for repositioning of wheelchair-bound hospitalized post-acute stroke patients.
Method:
The device was validated with 16 subjects during a period of five days in which use of the device was
compared with regular care practice.
Results:
The device was used for the five consecutive days in 69% of patients, while for 6% it was not
suitable; 25% did not complete the five days for reasons unrelated to the device. Caregivers needed
to re-position the patients that used the device for the full five days (n=11) on average 52% less
times when using the device, as compared to regular practice. Furthermore, the device was rated as
usable and functional by the caregivers while significantly reducing perception of trunk pain in
patients during the use of it.
Conclusions:
The newly designed WPSD is a valuable system for the improvement in medical assistance of
hospitalized wheelchair-bound post-stroke patients by reducing pain and number of re-positioning
manoeuvres. The WPSD might be applicable to any group of patients who need posture control in
either wheelchair or common chair with arms support.
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Introduction
Cerebral Vascular Accident (CVA) or stroke is the second leading cause of disability worldwide, after
dementia. As a reference, in 2010, an estimated 16.9 million incidences of stroke occurred, 33
million prevalent stroke cases and 5.9 million stroke deaths were reported, and 102.2 million
disability-adjusted life years were lost [1]. A substantial percentage of acute stroke patients is
hospitalized and subsequently discharged to short-term rehabilitation hospitals or to long-term care
institutions. The burden of stroke will only rise over coming decades because of demographic
transitions of populations, particularly in developing countries. Survivors normally show a degree of
functional recovery after their stroke, and this recovery is typically supported by rehabilitation care,
depending on the severity of the stroke and the local health system. Taken together, these facts
pose a heavy and growing burden on health service providers worldwide. For this reason, ways are
sought to increase efficiency and effectivity of the provided care.
During the acute and sub-acute phases after stroke, proper positioning of the patient is considered
of paramount importance. Upright positioning like seating or standing is shown to be beneficial on a
number of aspects. During the acute phase, important effects are the support of cerebral
oxygenation, maintaining nutrition and hydration, as well as psychological benefits [2] [3] [4]. For the
sub-acute phase, the main benefits of upright positioning are related to supporting muscle tone and
promoting motor system recovery [5]; control of trunk posture while sitting is considered to be the
first step in motor rehabilitation [6]. For practical reasons, during the sub-acute institutional phase,
wheelchairs are widely used for upright sitting as well as mobility.
Stroke patients, however, typically suffer from hemiparesis and other motor control difficulties.
Often, especially in acute and sub-acute phases, they are not able to maintain a proper sitting
posture on a wheelchair [6]. Because these patients spend a considerable amount of time per day in
a wheelchair, it is important that they are able to correctly sit on the wheelchair without adverse
effects that may originate from a poor sitting posture. Typical adverse effects of improper sitting are
sensation of discomfort, development of muscular pain, development of back or shoulder injuries
and related pain, and pressure ulcers [7]. Additionally, in severe patients there is a risk of falling out
of the wheelchair. The clinically recommended proper sitting posture is characterized by: laterally
symmetric posture, upright trunk posture and hip and knee angles of around 90 degrees [8].
In a rehabilitation hospital, where patients temporarily live during the sub-acute stage, the following
methods and products are typically being used to assure safe and correct seating during wheelchair
use:
- Manual re-positioning by nurses, based on observation of posture
- Restraints, such as belts, mainly to prevent falling out of wheelchair
- Specifically designed cushions and pillows, for example a ‘pommel cushion’, to
correct sitting posture
- Table mounted on wheelchair that supports the arms
In some cases, specific high-end backward-tilting wheelchairs are being used [2] [7].
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In the Hospital Gorliz1, which was participating in this project, the common method is to have nurses
re-positioning patients when needed. Additionally, a (transparent) table is used in the wheelchair in
order to better position the hands, arms and shoulders. Belt-type restraints are used when needed
for safety. Main problem with this way of working is that it does not effectively prevent an improper
sitting posture so that it is required to (re-)position the patient, which is very time consuming and
laborious, especially with severe stroke patients.
In order to improve this practice, we developed a new type of positioning device for use in a basic
wheelchair, intended for sub-acute stroke patients. The main goal of this device is to reduce the
needed number of re-positionings (and thus nursing time) per patient, while achieving and
maintaining a safe, comfortable and rehabilitation-supporting sitting posture. The device should not
completely block the movement of the patient, but leave some space for trunk movement, both for
comfort (e.g. respiration) and to challenge the patient and thus train proper positioning by
encouraging their own remaining trunk control.
In this paper we explain the user-centred design of this device to achieve the goals and realization of
the device, which is based on a novel variable stiffness material, called Varstiff© [9] [10]. The
validation is based on the use of prototypes of the device in Hospital Gorliz, while measuring the
amount of caregiver time, usability and user comfort perception. First, we describe the development
of the Wheelchair Posture Support Device, followed by the methods and results of the validation2.
Finally, the discussion and conclusion are presented.

I.

Development of the Wheelchair Posture Support Device based on Varstiff©
through a user-centred design process

The idea for a Wheelchair Posture Support Device (WPSD) to assists sub-acute post stroke patients in
maintaining correct upright posture in a wheelchair originated from several interviews with medical
doctors and physiotherapists in Hospital Gorliz on identifying potential applications of the Varstiff©
technology.
1. Requirements
The collected requirements for the device after the interviews with Hospital Gorliz clinical staff are
divided in functionality and usability requirements, listed below.
Functionality requirements of the WPSD
-

It should facilitate the 90° rule [8] , which indicates that the patient should sit with hips,
knees and ankles flexed at 90°, in other words, prevent large inclination of a patient in side
directions as well as forward direction while it allows small movement in all directions to
avoid pressure ulcers.
It should prevent a patient from sliding down out of the wheelchair.
It should prevent pain in trunk and shoulder during the use.
It should allow proper respiration during the use.
Usability requirements of the WPSD
-

Cleanability: It should easily be cleanable with antiseptic as it is shared between different
patients in hospital.
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The basic ideas of the Wheelchair Posture Support Device were earlier presented at the TAR 2015
conference: Technically Assisted Rehabilitation [16], where the evaluation of a WPSD with one patient was
reported.
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-

Adaptability: It should encompass different body sizes of users, normally with fat
accumulation in the trunk, which is a common body characteristic of the target group.
Safety: All edges should be rounded and not sharp.
Manipulability: It should facilitate simple and easy manipulation by either clinical staff or
family caregiver whereas it should not allow users to change status of the device.
2. Overall system development through a user centred design process

Starting from these requirements, iteratively a number of prototypes was made and evaluated with
clinical users from Hospital Gorliz, in order to realize a user-centred design process and an eventual
prototype that would be usable for a clinical validation study. The resultant designed system consists
of five main elements: trunk support, seat cushion, connection element to wheelchair, table, and
portable electrical pump. The trunk support prevents the trunk from excessive bending forward as
well as to the right and left sides while allowing proper respiration and movement. This main
function is assured by the application of Varstiff© technology, which allows shaping of a supportive
structure to individual needs in a flexible state, and then can be switched to a rigid state in a decided
shape. The description starts with background information on Varstiff© as the material that
facilitates to fulfil the design goals. After that the design is described in more detail.
a. Description of Varstiff©
‘Varstiff©’ is a ‘material’ that is able to switch from a flexible textile-like state to a more rigid state
(similar to HDPE) by applying negative pressure (vacuum). This ‘material’ consists of a laminate of
flexible textile layers integrated in a hermetic flexible envelope suitable for pressure regulation
(Figure 1). When applying a vacuum, the layers are compressed, which decreases their mutual
distance and increases friction between them. This in turn increases the stiffness of the Varstiff© as a
material. Flexibility as well as rigidity under vacuum varies with material characteristics of layers and
the number of layers. Details of Varstiff© are described in [11]. Information can also be found in the
patents that were filed [9] [10].
Atmospheric pressure

(b)

(a)

(c)

Figure 1: Varstiff© ‘material’; several representations of a sheet of Varstiff©, consisting of a hermetic
bag, containing a number of layers. (a) Schematic representation of a Varstiff© sheet, (b) 3D
representation of a Varstiff© piece, with layer compression due to vacuum inside the bag, (c)
rectangular sample of Varstiff© with air evacuation valve under vacuum. Used with permission from
[10].
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b. Detailed design and implementation
Thanks to Varstiff© properties, the trunk support enables to switch its state from flexible to rigid and
vice versa. In the flexible state, the trunk support is easily conformed to patient´s trunk; once the
support is placed in the correct position, it is rigidified by a vacuum pump. The conceptual design of
the trunk support is shown in figure 2. The Varstiff© contains nine inner layers made of the patented
composition [9]. The dimension of the trunk support was decided in accordance with human
anthropometric data [12], as well as feedback from clinicians in Hospital Gorliz. A manual operated
valve was welded in order to evacuate the air. A vest made of soft and skin-friendly material was
added to prevent direct contact of skin to the outer bag.

Figure 2: Trunk support of the Wheelchair Posture Support Device. 3D design (Left figure) shows the
trunk support, containing the Varstiff© material, and it’s covering washable comfortable vest. The
rightmost picture shows the trunk support alone inside a wheelchair.

The actual trunk support, including additional parts, as was implemented is shown in Figure 2 and 3.
The vest shown in the conceptual design was replaced with flexible forms which are directly
attached to the main cushion for simplicity of implementation. As closing mechanism of right and
left segments, a plastic buckle was utilized.
The seat cushion is composed of two parts, one is a silicone seating cushion and the other a soft pad
that is placed between thighs (also called ‘pommel cushion’) (Figure 3). The silicone cushion provides
comfortable sitting while the soft pad prevents excessive hip abduction, which is likely to result in
incorrect sitting posture.
The trunk support is connected to the wheelchair through an element that is placed between
handlebars of the wheelchair. It aims to maintain the trunk support in initial position which is set by
the caregiver. In addition, it allows the patient´s limited movement in front, right and left directions
instead of completely restraining the patient.
A connective element was designed to secure the trunk support to the wheelchair. This is a type of
belt made of a non-elastic textile. It has a buckle for easy connection/disconnection to the
wheelchair handles and a hook that is used to secure the trunk support. High friction materials are
used for contact surfaces to further prevent sliding of the trunk support inside the wheelchair.
The supportive table plate is a part that was already in use in Hospital Gorliz, in order to support the
hemiplegic upper limb. As shown in figure 3, it is a square table made of transparent plastic material
and is placed on the armrests of the wheelchair. The affected arm is positioned on the table and the
patient is asked to try to keep the (possibly) spastic hand open on the table. The table aims to
maintain the affected arm in correct position, supporting upright position and correct shoulder
position. It´s worth noting that only use of the table is not enough to achieve the aims as affected
hand and arm easily change their originally set location due to unintended motion of the patient.
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A prototype portable electrical pump unit is included to evacuate air from the trunk support in order
to make the trunk support rigid enough to maintain upright posture. The pump unit can be handheld
and consists of a vacuum pump, valves, a battery, and a battery level indicator. It enables to reach a
negative pressure of 700 mbar which is required for the trunk support to have an adequate rigidity,
preventing large deformation of the WPSD caused by the patient´s trunk motion.

Trunk support
and vest
Table

Seat cushion

Figure 3: Final prototype of the Wheelchair Posture Support Device. Left: WPSD installed in a
wheelchair – trunk support containing Varstiff© covered with a ‘vest’, seat cushion with ‘pommel’,
transparent arm support table. Right: Person seated with a correct posture due to WPSD and
transparent table.

3. Procedure of operation
The procedure of operating the WPSD is:
- Connect the WPSD to the wheelchair with straps
- Help the patient sit down in the wheelchair equipped with WPSDShape the device (in
flexible state) to the size and shape of the patient
- Attach the supportive table when needed
- With the vacuum pump, provide a vacuum through the back valve
- Provide the normal activities to or by the patient
- Re-position the patient in case of a poor sitting posture
- Re-apply the vacuum and shaping when needed, by opening and closing the valve

II.

Validation of the Wheelchair Posture Support Device based on Varstiff©

After fabricating a number of prototypes based on the described design, a validation study was
performed in Hospital Gorliz. First we describe the methods of this study, followed by the results.
1. Methods:
For comparison of the situation between using the device and using the conventional methods, a
single-subject design was selected, where subjects serve as their own control. The advantage of such
a design is that it allows demonstrating effects that are not visible when group based statistics are
used, especially when there are large variations between subjects – as can be expected in this study.
The evaluation period for each subject was five consecutive days, from Monday to Friday. This
period was considered adequate because the status of this type of patients may evolve rapidly and
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their situation while sitting might change considerably from one week to the next. Each patient
tested the prototype three hours per day during five days, alternating periods using the prototype
and routine caregiving practice without using the device on the same day, and daily alternating
mornings and afternoons of use during on subsequence days to avoid influences.
Table 1 shows a typical Wheelchair Posture Support Device usage sequence for a patient.

Sequence
option 1
Sequence
option 2

Day 1

Day 2

Day 3

Day 4

Day 5

Morning (3 hrs)

WPSD

Usual care

WPSD

Usual care

WPSD

Afternoon(3 hrs)

Usual care

WPSD

Usual care

WPSD

Usual care

Morning (3 hrs)

Usual care

WPSD

Usual care

WPSD

Usual care

Afternoon(3 hrs)

WPSD

Usual care

WPSD

Usual care

WPSD

Table 1: The randomly assigned two optional sequences of Wheelchair Posture Support Device
(‘WPSD’) use and usual care during the WPSD validation in one patient during five consecutive days.
Both options were randomly assigned as there may be structural difference between morning and
afternoon behaviour, for example due to fatigue

A total of sixteen patients were included in the study. For subject recruitment the following inclusion
criteria were established:
-

Patients admitted in Hospital Gorliz

-

Patients with difficulties to maintain upright position of the trunk while sitting in a
wheelchair

-

Informed consent signed by the patient or his/her legal representative

Patients that could not be seated on a chair were excluded for this study. The study started in
October 2013 and finished in August 2014.
2. Data Collection:
Per included subject the following demographic and clinical data was collected: gender, age,
constitution (underweight, normal, obese, according to Body Mass Index (BMI)), weight, height,
pathology, admission date, date when injury occurred.
During the study as primary variables were collected: a) the feasibility to use the device for five half
days in one week according to the study’s usage protocol, b) the number of re-positioning
incidences; time, date and name of the healthcare professional performing the re-positioning, and c)
perceived pain; pain in this type of patients is usually a postural pain that can be classified in
shoulder postural pain and trunk postural pain [13] [14]. Patients with sufficient cognitive skills
answered using a 10 grade visual scale ranging from ‘no pain’ to ‘unbearable pain’ [15]. In the rest of
the cases, healthcare professionals assessed this variable interpreting patient’s gestures, as it is done
in common clinical praxis, d) perceived comfort; patients with sufficient cognitive skills answered
this question by means of a 10 grade visual scale. In the rest of the cases, healthcare professionals
assessed this variable interpreting patient’s gestures, as it is done in common clinical praxis.
Each of these variables was collected every day / every session of use of the device, and then
averaged per patient over the five days of use in order to obtain the score for that specific patient.
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As secondary outcome, the opinions of the professional caregivers operationally involved in the
study were collected. This was split in two aspects:
a) Ease of use of the prototype was scored on a numeric scale from 1 to 5 (from easiest to most
difficult) on the following aspects ‘ease to put the prototype on the wheelchair’, ‘ease to apply the
device to the patient’, ‘ease to apply vacuum to the device’, ‘ease to re-position the patient’, ‘ease
to take out the prototype from the wheelchair’, ‘hygiene’, b) functionality; functionality of the
prototype was scored on several aspects, scored on predefined options per aspect and scored per
application of the WPSD on a specific patient. The scored aspects of functionality were: ‘rigidity for
support’, scored as ‘adequate’ versus ‘need of repeated application of vacuum’ versus ‘insufficient’;
‘adaptability of shape to patient’, scored as ‘adequate’ versus ‘insufficient at some places’ versus
‘overall insufficient’; ‘difficulties while transferring patients from bed to wheelchair and vice versa’,
scored as ‘with difficulties’ versus ‘without difficulties’ ‘time needed to perform a re-positioning’,
scored as ‘low’ versus ‘medium’ versus ‘high’.
The primary data collected within the study were anonymized and identified by a code (G+number,
e.g. G01), so that the identity of the patient was not disclosed to any person, unless when one of
following situations occurred: medical emergency situation, requirement of healthcare
administration or legal requirement. Treatment, communication and transfer of personal data of
patients participating in the study were done according to the Organic Law 15/1999 of 13 December
on the Protection of Personal Data.
The data relevant to this study were collected by the caregivers of Hospital Gorliz by means of a Case
Report Form (CRF) located at the back of the wheelchair within an opaque bag.
3. Data analysis:
Qualitative or categorical variables, such as sex, constitution or characteristics of the device, were
described as percentage of total, whereas quantitative variables (mainly number of re-positioning
manoeuvres, comfort, trunk pain and shoulder pain) were analysed by computing the mean and
standard deviation. The Shapiro-Wilk test was used to test the normality of each set of quantitative
data, for both “with WPSD” and “without WPSD”. Differences between groups (with and without
WPSD) were contrasted by means of the t of Student test. Statistical differences were further tested
by using the nonparametric Mann-Whitney U test. A confidence interval of 95% was used, with a
significance level of 5% (p-value of 0.05). For data analysis, the SPSS 19.0 software was used.
4. Ethical considerations:
The protocol of the study was written in May 2013 and was submitted for ethical approval to the
Ethical Committee of the Cruces University Hospital, which issued a favourable opinion in July 2013.
In June 2013, the protocol was also sent to the Spanish Agency of Medicines and Medical Devices
(AEMPS), which determined that the device under study was not classified as a medical device.
No patient was included in the study and no procedure related to the study was performed before
patients and family caregivers were given oral and written explanations about the study and the
informed consent was signed.

III.

Results

1. Demographic characteristics of participants
Sixteen patients were recruited for participation in the study, of which nine male (56%) and seven
female (44%), with ages ranging from 40 to 86 years (69.3 SD 12.1). Most of the participants (44%)
had a normal constitution, followed by underweight participants (37%) and overweight (obese)
participants (19%). The lightest constitution was 50 kg at 156 cm (BMI= 20.55); the heaviest
constitution was 79 kg at 150 cm (BMI=35.11). Except for the youngest participant (40 years old)
that suffered a generalized hypoxia, all participants had suffered a stroke episode.
8

Applicability of WPSD for included participants.
Of the sixteen patients, admitted to the study, eleven finished the study as planned. Five patients
used the device for a shorter period than the planned five days, for various reasons:
-

-

One patient quit after two days because the device was not adequate for this patient; even
with the device patient could not maintain a proper seating position, mainly caused by sliding
of the WPSD inside the wheelchair
One patient quit after three days because of transfer to another hospital for urgency treatment
unrelated to the study
One patient quit after four days, translated to another hospital for urgency treatment
unrelated to the study
One patient quit after four days because of pain and discomfort and was diagnosed with a back
lesion unrelated to the study
One patient quit after four days because family bought a specially adapted chair, which did not
allow use of the device under study.

This means that of the sixteen patients fulfilling the inclusion criteria, for 1 patient (6%) the device
was not suitable, 4 patients (25%) used it shorter than planned due to reasons unrelated to the
device, and 11 patients (69%) completed the follow-up of 5 days successfully.
The statistics that compare the situation without posture support and the situation with posture
support are based on the 69% of included participants that indeed completed the study fully, as
intended.
2. Results of Analysis
Primary outcomes
In the patients that completely fulfilled the follow-up of five days (n=11), usage of the device
resulted in an average reduction in number of re-positionings per half day from 4.6 to 2.2 (reduction
of 52%), an increase of perceived comfort from 3.9 to 6.9 (increase of 77%), a decrease of perceived
shoulder pain from 3.4 to 2.5 (decrease of 26%, no statistically significant) and a decrease of
perceived trunk pain from 4.7 to 3.7 (decrease of 43%). All these changes were statistically
significant, considering the group of eleven that finished the study, except for the shoulder pain
result. Detailed results are shown in table 2 and in figure 4.
Experimental
Shapiro-Wilk test
parameter value
Parameter

Mean ± SD

W

Number of
WD 2.2227 SD 1.2485 0.9077
repositionings
per half day WOD 4.6394 SD 2.4085 0.9344
7.8544 SD 2.0141 0.8531

p

Mean
95% confid.
diference

WOD 4.8727 SD 1.7089 0.9172

0.2962

Trunk Pain
Rating

WD

0.1125
0.7376

Shoulder Pain WD 2.4727 SD 1.1637 0.9549
Rating
WOD 3.4391 SD 1.5887 0.9450

0.7064

p

U

p

-2.9545

0.0078

18

0.0056

Statistically
significant
difference

2.9818

1.3205 4.6431

-3.7441

0.0013

16.5

0.0042

Statistically
significant
difference

2.0027

0.4278 3.5776

-2.6526

0.0153

24.5

0.0192

Statistically
significant
difference

0.9664

-0.2722 2.2049

-1.6275

0.1193

37

0.1294

No statistically
significant
difference

0.2135

WOD 4.6755 SD 1.8188 0.9573

t

Interpretation
p =0.05 (5%)

0.7104 4.1229

0.4567

WD

Mann-Whitney test

2.4167

0.2293

Comfort
Rating

2.6727 SD 1.7211 0.8827

t-test

0.5814

Table 2: Statistical test results on the primary outcome measures, tested in the group that
successfully finished the study (n=11).WD=’with device’; WOD=’without device’. Detailed explanation
of the statistical tests can be found in the “Data Analysis” section.
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(a) Repositionings

(b) Comfort

(b) Trunk pain

(d) Shoulder pain

Figure 4: Individual group changes in the primary outcome measures, comparing regular care
practice (WOD=’without device’) with the novel posture support (WD=’with device’), within the same
eleven successful users in Hospital Gorliz (n=11), alternatively undergoing both modalities of care, (a)
number of re-positioning by caregivers during a day, (b) perceived comfort (c) perceived trunk pain,
and (d) perceived shoulder pain. All four differences between WOD and WD condition were
significant (p<0.05) in paired testing of differences; for significance levels see Table 2.

As noted before, the WPSD appeared to be not suitable for one of the patients included in the study.
This patient used the WPSD still for two days. Four other patients used the device conveniently, even
though they did not complete the follow-up of five days because of reasons unrelated to the study
or the device. Table 3 presents the results of these patients (n=5). These are valid results, but could
not be included in the overall statistics, because they did not fulfil the study design. Nevertheless,
this group shows the same trends for all scores as the group that fully completed the study.
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Experimental parameter value
Parameter
Number of repositioning per half day

Mean ± Standard Deviation
WD
2.0667 SD 1.7504
WOD
3.6833 SD 0.3249
WD
7.3000 SD 2.7749
Comfort Rating
WOD
5.4000 SD 1.3874
WD
3.7000 SD 2.9496
Trunk Pain Rating
WOD
4.3000 SD 2.1679
WD
1.9000 SD 1.0247
Shoulder Pain Rating
WOD
3.7000 SD 2.0548
Table 3: Results on the primary outcome measures, for the group that did not successfully finish the
follow-up of five days for reasons unrelated to the study, but that could conveniently use the
device(n=5).WD=’with device’; WOD=’without device’. Although statistical methods cannot be
applied on this group, it is clear that the trends for all scores are exactly the same as in the group
that completed the study.

Secondary outcomes
The overall ease of use was assessed by the professional caregivers that were operationally involved
in using the device under study (n=28), as 4.17 SD 0.78 out of 5 (with 1 very difficult to use, 5 very
easy to use), scored on separate items as shown in table 4.
Mean ± Standard Deviation
(1= very difficult / inconvenient … 5= very
easy / convenient)
Ease to put the device on the wheelchair
4.31 SD 0.48
Ease to apply the device to the patient
3.88 SD 0.81
Ease to apply vacuum to the device
3.88 SD 0.81
Ease to perform a re-positioning
2.94 SD 0.44
Ease to take out the patient from wheelchair
5 SD 0
Hygiene
5 SD 0
Table 4: Scores on perceived usability of the WPSD under professional caregivers operationally
involved in the study (n=28).
Usability Item

The relatively low score on performing a re-positioning was explained as that a number of times it
was needed to operate the valve, and re-apply a vacuum, make the device flexible and again apply a
vacuum, which was considered as relatively cumbersome.
The functionality was assessed for all 16 patients that initially started the study, and not only for the
11 who completed the 5 days follow-up. The rigidity of the WPSD was considered adequate in the
majority (81.25%) of cases. In the rest of cases (18.75%) vacuum had to be applied repeatedly during
operation to maintain functional rigidity. In none of the cases the rigidity was considered
insufficient. The device could be adequately adapted to shape in 87.5% of cases. In two patients
(12.5%) the adaptation of shape was considered overall insufficient, one was a very slim patient, that
also had to stop the study because of an unrelated back lesion, whereas in the other patient the
device did not achieve a functional performance. The device did allow a transfer without difficulties
of patients into and out of the wheelchair in all cases (100%). The amount of time needed to apply
and adjust the device was perceived as low in 56% of cases and as medium in 44% of cases, and as
high in 0% of cases.
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IV.

Discussions and conclusion

In this article, we presented a novel Wheelchair Posture Support Device (WPSD) to assist sub-acute
post stroke patients in maintaining a correct upright sitting posture in a wheelchair during their
hospitalization. A user-centred design process and a novel material technology referred to as
Varstiff©, were employed to achieve the demanded specifications.
A prototype of the WPSD was clinically validated with 16 patients in Hospital Gorliz, a rehabilitation
centre for stroke patients of the Basque Public Health System. To carry out the clinical study, it was
necessary to take into consideration some limitations. A first limitation was that the Wheelchair
Posture Support Device was compared only with the conventional care practice in Hospital Gorliz
since no other products similar to WPSD were available. To our knowledge, only cushions and
supports specifically designed for one single user, or backward-tilting wheelchairs are existing
solutions that could provide comparable results. However, these solutions are high-end and
expensive solutions, and typically not used in the target group of the WPSD, that only stays for a
limited time in a hospital setting. When feasible alternative solutions are available or identified, a
study similar to the work presented here could identify the relative performance of WPSD versus
that specific product. A second limitation of the study was that the WPSD was designed for the basic
wheelchair in use in Hospital Gorliz (figures 2 and 3), and was only validated with this type of
wheelchair, which means that it may not be possible to install the WPSD in other kinds of wheelchair
without adaptations to the design.
Notwithstanding aforementioned limitations, the clinical validation clearly demonstrated that the
developed Wheelchair Posture Support Device, based on Varstiff© technology, is able to improve
sitting posture of post-acute stroke patients when seated in a wheelchair during hospitalized daycare, and leads to a reduction of caregiver involvement in assuring proper sitting posture by 52%,
when applied in a standard real care environment, according to the reduction of number of times a
patient has to be re-positioned during a set time duration. The WPSD device was rated as
comfortable and as reducing pain complaints (only statistically significant for trunk pain, not for
shoulder pain), rated by the patients (or caregivers when not feasible). As secondary outcome, the
professional caregivers subjectively rated the device as highly easy to use, and positively rated the
functionality of the device in the majority of patient cases. Only in one patient the WPSD was not
applicable, since the device appeared to slide inside the wheelchair. However, relatively simple
material improvements may prevent such sliding from happening, even in such cases where patients
exercise a high force on the seating surface.
With these results, the WPSD provides an example that the Varstiff© technology can be effectively
applied for improving supports and assistances in stroke care, because of its typical capacity to be
shaped in a flexible state according to the needs of a specific user, and to be switched to a rigid state
once formed to a functional shape in order to provide proper support.
Additionally, the WPSD may be applicable to other user groups, outside of hospitalized post-acute
stroke patients, for any patient group in which there is an apparent risk of poor sitting posture or
falling out of the wheelchair, especially in groups that spend considerable time of the day seated.
In conclusion, the novel WPSD arises as a valuable system for the improvement in medical assistance
of hospitalized wheelchair-bound post-stroke patients, by reducing pain and number of repositioning manoeuvres, which might be also applicable to any group of patients who need posture
control.
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