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ABSTRACT

Nurses have the risk of experiencing work-related musculoskeletal disorders and also several
other health 1ssues due to patient-handling activities, such as lifting, moving, and reposition-
ing. This research aims to design a wheelchair that helps nurses reduce the risk of mjury
when carrying out patient transfer activities and assists patients during their hospital treat-
ment. The study integrates the Kano Model with Quality Function Deployment and tests the
transfer wheelchair design using static load analysis simulation using the Fusion 360 program
with 80kg patient loading. The research mvolved 188 respondents, including nurses and
patients, and discussions were also held with doctors to gather user needs in the design of
transfer wheelchairs. The three most significant values for wheelchair design priority are
transfer wheelchairs made of strong materials, which facilitate the transfer process from and
to the wheelchair, and transter wheelchairs that are comfortable to use. The design of this
transfer wheelchair has been tailored to the anthropometry of the Indonesian population and
the spatial constraints of hospital beds, bathroom doors, and toilets. The innovative features
of the developed design include a hydraulic system and a seat that can be opened and closed
to facilitate patient transfer activities.
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1. Introduction

Nursing provides care to individuals, families, and
groups mn both health and illness. Nursing services
are a form of professional service that 1s integral to
health services based on nursing science and skills for
mdividuals, groups, or communities in both healthy
and sick conditions [1]. Nurses are one of the hospi-
tal's resources and play a significant role in determin-
g the quality of a hospital's services.

Published by the University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia.

Nurses providing medical services to patients have
various tasks, one of which includes manual handling
activities. Manual patient handling 1s a critical chal-
lenge in the healthcare sector [2], [3] due to many
physical risk factors associated with work-related
musculoskeletal disorders (WMSDs), such as heavy
exertion (e.g., handling overweight and obese pa-
tients) and uncomfortable postures (e.g., deep bend-
g and twisting) during handling tasks [4]-[6].

Several studies indicate various complaints related
to nurses' activities. Patient handling activities, includ-
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g lifting, transferring, and repositioning, pose various
physical risks associated with Work-Related Musculo-
skeletal Disorders (WMSD) [6]-[9]. WMSD is very
common among healthcare workers. The total num-
ber of documents related to WMSD cases among
nurses in the United States 1s 17,240 or 140.5 per
10,000 workers, and the most affected body part is the
lower back, followed by the shoulder [10]. Other re-
search shows that Low Back Pain (LBP) 1s a common
1ssue In the nursing profession [11]. The research ex-
plains that the causes of LBP among nurses in Hong
Kong are psychological stress related to work and ac-
tivities in patient handling. The activities referred to
include transferring patients to wheelchairs, moving
patients from beds to chairs, positioning patients in
beds, and assisting patients in walking [11]. LBP 1s
one of the most common causes of musculoskeletal
disorders [12]. The complaints faced by nurses were
also obtained based on interviews with a rehabilitation
medicine specialist at a hospital in Semarang, Indone-
sia. Handling patients results in nurses having a high
risk (around 709%) of experiencing a Herniated Nucle-
us Pulposus (HNP), also known as a pinched nerve.

Patient transfer is one of the activities {requently
performed by nurses, often performed using wheel-
chairs. Based on interviews with several inpatient
nurses at the hospital, some medical conditions of
patients that necessitate moving them with the help
of a wheelchair include patients who will undergo
surgery, experience mild stroke symptoms, mothers
who will give birth, patients who will undergo exami-
nations in specialist clinics and patients that have mo-
bility impairments.

Mobility or mobilisation 1s the mdividual's ability
to move quickly, freely, and orderly to achieve a goal,
which 1s to meet their life needs, either independent-
ly or with the help of others and only with the aid
of tools [13]. Mobility impairment or immobility 1s a
condition in which a person cannot move freely due
to conditions that hinder movement (activity) [14].

According to an imterview with a rehabilitation
medicine specialist, a wheelchair 1s necessary to care
for patients who are immobilized. The need for a
wheelchair arises from transfer activities, which in-
volve moving the patient from one location to anoth-
er, such as from a bed to another bed, wheelchair,
bathtub, or toilet [8]. A wheelchair 1s one of the
health aids that 1s utilized for enhancing mobility for
people with disabilities, such as patients who are not
allowed to engage in much physical activity, individu-
als with physical disabilities (especially those with leg
disabilities), people who are at high risk of injury if
they are walking alone, persons with disabilities, and

the elderly, allowing them to move from one place
to another, whether on flat surfaces or from lower
places to higher ones [15].

A preliminary study, conducted through inter-
views with patients, doctors, and nurses, revealed
several complaints about the wheelchairs currently
used in the hospital. The complaints include difficul-
ties during patient transfer (from bed to chair, chair
to toilet or shower), the wheelchair still shifting even
when locked, no place to put an infusion, lack of
comfort, and the wheelchair remaiming heavy, espe-
cially when pushing uphill or downhill.

Several previous studies have shown the condition
of wheelchair users because some users can transfer
themselves, while others need assistance from others
[16], barriers in the transfer process for wheelchair us-
ers [17], [18] the transfer process for elderly patients
[19] the risk of nurses experiencing musculoskeletal
mjuries due to their work when moving patients [20],
and several designs of assistive devices to facilitate the
patient transfer process [9], [16], [21], [22].

The wheelchair used m hospitals today cannot
be used when patients want to take a shower or use
the toilet, because it cannot fit through the bathroom
door, and the height of the wheelchair is different
from the height of the toilet. Additionally, nurses
must assist patients when transferring them if they use
the current wheelchair.

This research aims to develop a transfer wheel-
chair that facilitates the movement of patients, nurs-
es, and doctors when transferring from one location
to another, according to their individual preferences.
The wheelchair to be developed is a manual wheel-
chair that requires assistance from another person,
such as a nurse, to push or move. The specific objec-
tive of this research is to develop a transfer wheel-
chair for hospitalized patients, assisting nurses in
transferring patients between the bed and wheelchair,
as well as between the wheelchair and the toilet. This
design enhances the current hospital wheelchair by
considering the desires of its users, specifically nurses
and patients.

2. Literature Review

2.1 Kano Model

The Kano model, developed by Noriaki Kano,
1s a two-dimensional diagram that categorises prod-
uct attributes based on how well the product satis-
fies customer needs [23]. Kano model, starting with
identifying user needs and translating them into at-
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tributes, then these attributes are used in the Kano
questionnaire and categorised based on must be (M),
one dimensional (O), attractive (A), and indifferent
(I) using tabulation of surveys. From those categories,
the better and worse values will then be calculated to
determine the position of the attributes in the Kano
diagram.

2.2 Quality Function Deployment (QFD)

Quality Function Deployment (QFD) 1s a meth-
od used to enhance the quality of goods and services
by understanding customer needs and linking them
to technical specifications. The QFD method com-
prises four phases: the first phase is product plan-
ning (house of quality), which translates to customer
needs. The second phase 1s product design, which
converts technical characteristics mto measurable
component characteristics. The third phase 1s pro-
cess planning, which identifies manufacturing process
stages and translates them into parameters for each
process. The fourth phase is process control plan-
ning, which designs a system to monitor and manage
the production process [24]. The matrix house of
quality (HOQ) is the most widely recognized form of
QFD representation. HOQ 1s a structured, system-
atic expression of a product or process to understand
aspects of the entire new product planning process,
service, or process [25].

2.3 Integration of the Kano Model and QFD

QFD 1s a powerful and structured method for
capturing the voice of the customer and ensuring
that quality 1s built nto the product. As the ulti-
mate goal of QFD, customer satisfaction must be
achieved totally and effectively, and the Kano mod-
el can be utilized to differentiate customer needs
and gain a more imaginative understanding of these
needs [26]. To achieve total customer satisfaction,
it 1s essential to determine the attention required
for each attribute to reach the desired satisfaction
levels. Figure 1 illustrates a process model demon-
strating how the Kano model can be integrated with
QFD [27].

The first step in this process is to gather custom-
er requirements or the voice of the customer and
customer complaints through interviews, the distri-
bution of questionnaires, or brainstorming sessions.
These inputs are then interpreted by researchers
into need attributes. The next step is to analyze
which attributes would be beneficial if developed.
Then, the Kano model continues to classify needs
statements nto attractive, one-dimensional, and
must-be categories. These attributes are then in-
cluded in the HOQ matrix to translate them into
technical characteristics. The integration of Kano
and QFD can be seen in Figure 1[27].

Gathering customer needs

*

Competitive analysis

Classifying into

Kano categaries

Setting target
* Choosing transfor
Raw Improvement ratioj mation function
importance l‘ |
Adjusting
improvement ratio
Other adjustment]
methods

Final importance

Figure 1. Integration of Kano and QFD

International Journal of Industrial Engineering and Management



Puspitasari et al.

2.4 Finite Element Method

An object consists of an infinite number of ele-
ments. With infinite elements, analysing the stress or
deformation will be challenging. It can be assumed
that an object consists of finite elements to facilitate
the analysis. The finite element method 1s a method
that approximates by assuming an object consists of a
finite number of elements. The elements are consid-
ered separate and connected by points called nodal
points, forming a mesh. The smaller the element's
size, the smaller the error that occurs.

Figure 2 illustrates the principles of the finite ele-
ment method. In the image, an object consisting of an
mfiite number of elements (continuum elements) 1s
made into a finite number of elements, also known as
discretisation. Despite being divided mto small com-
ponents, the object is still treated as a whole part [28].

@m
FEM
continuous
structure

Figure 2. Element Discretization Process with the Element
Method

discrete
structure

Table 2. Complaints of Wheelchair Users in the Hospital

3. Materials and Methods

This research uses a non-random sampling tech-
nique with a purposive sampling model. Based on the
Lemeshow formula calculation [29], the minimum
number of respondents required for data process-
g 1s 138, and this research used 188 respondents,
including patients and nurses. The profile of the re-
search respondents can be seen in Table 1. Based on
mterviews with nurses and hospital patients regard-
ing the utilization of wheelchairs during transfer ac-
tivities, there are several complaints. The complaints
can be seen in Table 2.

Table 1. Profile of Research Respondents

Description Total Percentage
Respondent Type

Patient 89 47 34%
Nurse 99 52,66%
Gender

Female 130 69,15%
Male 58 30,85%
Number of respondents 188

The results of in-depth follow-up interviews to
identify user needs will then be interpreted into user
needs, which will be used as attributes in constructing

Users Complaint
Patient Sitting too long makes my butt and back sore.
I'm not comfortable with the wheelchair seat because it's not cushioned.
It would feel safer if the wheelchair were equipped with a seatbelt.
The wheelchair cannot be used when wanting to use the bathroom/toilet.
The wheelchair cannot be adjusted in height, making it difficult to change positions.
It does not have a place to hang an infuse
Wanting a wheelchair to have a storage compartment
The wheelchair still often shifts even when it is in lock mode.
Nurse Transferring from the bed to the wheelchair (or vice versa) while embracing the patient becomes very heavy due

to the load on the nurse's back.

The existing wheelchair is still heavy when used to push patients up or down the stairs.

It does not have a place to hang an infuse

The size of the chair seat needs to be increased for patients who are overweight.

The height of the wheelchair cannot be adjusted to the size of the bed or toilet, making the transfer process

difficult.

The backrest height is insufficient for stroke patients.

The current size of the wheelchair cannot fit through the bathroom/toilet door.

Not having a place to store patient medical records.

There has been no height adjustment when the patient occupies the chair.
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the Kano Model questionnaire and as input in the
HOQ matrix. The research variables for the Kano
questionnaire can be seen in Table 3.

The subsequent stage mvolves constructing the
HOQ matrix to prioritize attributes, which will then
mform product design. The QFD methodology is ex-
tensively employed to ascertain the design attributes
of newly conceived or enhanced items. The pivotal
phase in QFD is the formulation of the HOQ. The
outcomes derived from the Kano Model are mcor-
porated mto the HOQ.

3. Result

3.1 Kano Model Results

This study mvolved 188 participants, including
nurses and inpatients who used wheelchairs during
hospital treatment. Of the 188 respondents, 47%
were patients, and 53% were nurses. The percentage
of nurses in this study was more significant because
research into the design of transfer wheelchairs began
with nurses' complaints regarding handling patients,
mcluding lifting, moving and repositioning, which
caused various physical risks related to work-related
musculoskeletal disorders.

Table 3. Kano Indicators

The results of the KANO model processing re-
vealed that 14 attributes fall into the Must-be category,
while seven fall into the One-dimensional category.
Respondents in the must-be category will feel dissatis-
fied if the performance of those attributes is poor or
not met. However, satisfaction will not increase if the
attributes are met because consumers consider those
attributes to be a given. Therefore, the organization
must maintain the characteristics that fall into the
must-be category. Figure 3 shows the Kano diagram
resulting from the data processing.

Based on the Kano diagram m Figure 3, all in-
dicators fall into the one-dimensional and must-be
quadrants, indicating that all indicators proceed to
the following data processing stage because they are
essential for nurses and patients.

3.2 QFD Results

The questionnaire used in the preparation of
QFD 1s divided into two parts, the first meaures the
level of importance and the second measures the lev-
el of satisfaction using a 1 to 5 measurement scale. A
score of 1 represents very unimportant or very dissat-
1sfied, 2 represents unimportant or dissatisfied, 3 rep-
resents somewhat important or somewhat satisfied,

No Indicators Reference
1 Difficulty during the transfer process from/to a wheelchair [30]

2 The problem when standing up after sitting down

3 Problems with performing toilet/bathroom activities

4 Uncomfortable seating

5 Not easy to carry/not practical

6 Heavy when pushed

7 There is no safety feature (seat belt).

8 Bad backrest angle

9 The wheelchair does not fit the body's dimensions.

10 The wheelchair is not light.

1 Cost/price of a wheelchair [30], [31]
12 Ease of maintenance

13 Ease of use [31]

14 Comfortable when used

15 Strong material

16 Movable/portable facilities

17 Wheelchair locking mode Interview with the user
18 Adjustable wheelchair height

19 The size of the wheelchair that fits the bathroom/toilet door

20 A place to put the infusion

21 A place to put documents
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Figure 3. Kano Diagram

4 represents necessary or satisfied, and 5 represents
very important or very satisfied. The outcome of the
QFD method is the House of Quality (HOQ), which
generates absolute importance values that determine
the order of priority for technical responses to be pri-
oritised in terms of quality. Thus, it 1s expected that
there will be a significant increase n user satisfaction.
The HOQ of this research is depicted in Figure 4.

3.3 Determination of Anthropometric Data

Anthropometry, the measurement of physical
characteristics and capabilities of people, provides

Table 4. Design Wheelchair Dimension Data

critical information for designing both work and non-
work environments, as well as consumer products,
clothing, tools, and equipment [32]. The transfer
wheelchair design incorporates anthropometric data
of Indonesian men adjusted to various percentiles
[33]. Table 4 shows the dimension data of the trans-
fer wheelchair based on Indonesian anthropometry.
This study uses adult male anthropometry to guar-
antee comfort for both male and female users. The
50th percentile, reflecting average body size, 1s pre-
dominantly utilized. This wheelchair 1s not designed
for overweight individuals, with a maximum weight
limit of 80 kg for users.

Anthropometry Percentiles Anthropometric Dimensions Dimensions Size
Seat seating length 50% Popliteal length 42
Seat width 50% Hip width 45
Backrest height 50% Shoulder height in a sitting position 58
Armrest height from the seat 50% Elbow height in a sitting position 26
Headrest height 50% Head length 19
Headrest width 50% Head width 25
Leg rest height 50% Popliteal height 44
Leg rest length 5% Footprint length 15
Footrest width 50% Footprint width 14
Handle length 50% Palm width 10
Handle height 50% Standing elbow height 93
Armrest 95% Forearm length-hand length 34
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Symbol Value Definition
0 No relationship
‘ 1 ‘Weak relationship .
. 3 Medium relationship . T .
o 9 Strong relationship +. 2
Simbol Definition WA . g
. Very Strong Positive Influence §
=+ Moderately Strong Positive Influence g_ e § §
No Influence é) Eﬂ = " § & '§ § § § §
— Moderately Strong Negative Influence T‘} gl 2 g ﬁ § 3 § ‘§ ?:O g L§ § § S
. Very Strong Negative Influence % 'g ;é ::g; . TZ; g g .T"; ﬁ ,.? S % % “ § é § g
Q Q —_
Requirement Attributes = g E § E E 5% E S % § ; % é % g‘ ;§ ;‘%
Transfer wheelchairs can make it easier to transfer from/to a wheelchair O . 418/ O | 1 (3.90| 4 |0.84|1.03| 189|791
The transfer wheelchair can make it easier when standing up after a seated o o 4100 O | 1 (374| 3 |0.80]0.80| 144|592
The transfer wheelchair can facilitate in doing toilet/bathroom activities o o . o 428 M | 05(3.65| 4 |0.78]1.09| 1.46| 6.25
The transfer wheelchair has a comfortable seat O o . 4211 O | 1 |3.94] 3 |0.81|0.76| 1.38] 5.79
The transfer wheelchair is easy to carry/practical O o o 424| M | 05|3.88] 2 |0.68]0.52|0.67|2.84
The transfer wheelchair is lightweight when pushed o o . 427 M | 05(3.90| 4 |0.71|1.03| 1.34] 5.73
The transfer wheelchair has safety features (seat belt) ‘ o 407| M | 05(3.59] 2 |0.72]0.56| 0.73| 2.98
The transfer wheelchair has a headrest headrest O . O 422| M | 05(3.57| 3 |0.67|0.84| 1.08| 4.58
The transfer wheelchair fits the body dimensions o 426) M | 05(3.86| 4 |0.68]1.04| 1.35(5.73
The transfer wheelchair is lightweight when carried o o ‘ 407 M | 05(3.90| 4 |0.80|1.02| 1.37|5.60
The price of the transfer wheelchair is low . o . 415| M | 05 |3.74| 4 |0.65]1.07| 1.37| 5.69
The transfer wheelchair is easy to maintain o ‘ 440| M | 05 |3.84| 2 |0.67]0.52| 0.67| 2.96
The transfer wheelchair is easy to use O 445/ 0 | 1 407 3 |080]0.74| 1.33] 5.92
The transfer wheelchair is comfortable to use o o . ‘ 445 0 | 1 1406 4 [0.790.98| 1.76| 7.83
The transfer wheelchair has strong materials o ' 444/ O | 1 1402 4 |0383]099]1.82(8.08
The transfer wheelchair is easy to move o . o O 448 M | 05|4.03| 4 |0.76]0.99| 1.32| 5.89
The transfer wheelchair has a locking mode . o 4290 O | 1 |402| 4 |0.81/0.99]| 1.80| 7.60
Has adjustable height while the patient is still seated in the wheelchair o o . 4220 M | 05361 4 |0.65|1.11| 1.42( 6.00
The transfer wheelchair size fit with bathroom/toilet doors O . o 434 M 105 (372 4 |0.70| 1.07| 1.40| 6.07
The transfer wheelchair has a place to put an infusion o . o 431) M | 05|3.65| 4 |0.71|1.09| 1.43| 6.16
The transfer wheelchair has a place to put documents O . o 390 M | 05[3.89] 1 |0.68]0.77| 1.00| 3.90|
Absolute Weight 498.83|130.37(449.52 | 139.28| 8330 | 3801 | 7755 211.50
Absolute Importance 673.13| 158.88|606.83 | 193.19| 120.66| 5402 (11092 261.73
Ranking 1s5|2]4|6|8|7]|3

Figure 4. House of Quality Matrix

3.4 Product Planning

In this study, the design of the transfer chair 1s in-
tended to meet users' needs and desires. Patients and
nurses are expected to be satisfied and comfortable
during transfer activities. Figure 5 shows the design
of the transfer wheelchair based on the integration of
Kano with QFD.

Based on the three wheelchair designs created,
the designs were presented to experts for selection
and feedback. The selected experts are two Directors
of Government Hospitals located in Central Java, In-
donesia. The two responders were selected due to
over a decade of expertise and positions as directors
at a government hospital.

Based on discussions with these experts, the first
wheelchair design was chosen, with several recom-
mendations. The rationale for selecting the first
wheelchair design 1s that 1t can be used by patients
from both the front and rear, and its solid seat de-
void of openings enhances patient safety by mitigat-
ing the risk of falls. The first recommendation was
to ensure that the wheelchair backrest fully covers
the buttocks area, as patients may feel uncomfort-
able if this area 1s exposed while seated. The second
recommendation was to enhance the strength of the
wheelchair frame by adding elbow supports. The re-
sults of the expert's recommendation can be seen in
Figure 6.
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Figure 6. Design of the Transfer Wheelchair Prototype

4. Discussion

This research aims to design a wheelchair that
makes it easier for nurses to assist patients with trans-
fer activities during inpatient treatment at the hos-
pital. This 1s supported by research by Barbareschi
& Holloway [18], which states that wheelchair users
who require assistance from others will have more
significant difficulties than users who can carry out
transfer activities independently.

The analysis of the questionnaire administered
to 188 respondents, utilizing the Kano technique,
identified 21 critical factors for nurses and patients
m selecting a wheelchair. The processing results
with Kano show that all indicators fall into the one-
dimensional and must be quadrants, meaning that all
mdicators are included i the following data process-
g stage because they are essential for nurses and
patients. These indicators become attributes of user
needs i data processing with QFD. QFD compiles
need attributes classified as attractive, must-be, and
one-dimensional in the Kano model with importance

level, satisfaction level, k-value, goals, adjustment fac-
tor, improvement ratio, adjusted improvement ratio,
and adjustment importance.

The adjustment importance value 1s used to pro-
vide the designer with information to prioritize the
attributes of user needs; the higher the value, the
higher the priority of the attribute needs according
to the user. The three most significant values for ad-
Justment importance that show priority in designing
wheelchairs are transfer wheelchairs made of strong
materials, ease of transfer process from / and to the
wheelchair, and transfer wheelchairs are comfortable
to use. The results from this QFD are used as input
when designing the transfer wheelchair.

The priority is that this transfer wheelchair is
made of strong materials. This transfer wheelchair
uses material made of 304 stainless steel, which has
the properties of corrosion resistance, temperature
resistance, and strength, and can be used in medi-
cal devices. Medical-grade stainless steel (SS) 1s com-
monly used in manufacturing biomedical devices and
mmplants. Corrosion 1s the' gradual degradation and
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destruction of metals due to their electrochemical
mnteraction with the surrounding environment. Stain-
less steel used in the medical sector must exhibit
enhanced corrosion resistance and biocompatibility
compared to other industries [34]. Over the past cen-
tury, researchers have persistently endeavoured to
mprove the corrosion resistance of stainless steel.
In the 1920s, a type of stainless steel known as 304
austenitic stainless steel, containing 18% chromium
and 8% nickel, was used for orthopaedic implants
[35], [86]. The challenge in implementing a transfer
wheelchair is to create a transfer wheelchair that 1s
strong yet lightweight and waterproof, because it can
be used when the patient is in the toilet.

To ensure the strength of the transfer wheelcharir,
the transfer wheelchair was tested using static load
analysis simulation in the Fusion 360 program with a
load of 80kg. The calculation simulation was divided
into three parts: von Mises stress, deformation, and
safety factor [37]. Based on the test results, it was
found that the maximum Von Mises stress value oc-
curred with an 80kg load at the connection location
between the wheelchair and the wheel with a stress of
187.624 MPa. The transfer wheelchair frame mate-
rial uses 304 stainless steel (AISI 304) with a yield
strength of 215 MPa, which shows that the wheel-
chair design 1s safe to use. Testing the centre stabil-
ity results in a maximum deformation value of 0.158
mm and a safety factor value of 1.146. This means
the transfer wheelchair 1s safe because it has a value
greater than 1. The results of the FEM simulation
can be seen in Figure 7.

The second priority 1s that the transfer wheel-
chair can facilitate the transfer process to and from
the wheelchair. To facilitate the transfer process, this

designed wheelchair has additional features that dif-
ferentiate it from ordinary wheelchairs. The first fea-
ture 1s that this transfer wheelchair can be opened and
closed on the seat, making it easier for nurses to move
patients from wheelchairs to beds and toilets during
patient transfer activities. Nurses no longer need to lift
the patient manually if they want to move the patient;
they open the seat, and after the patient moves to the
desired place, the seat can be locked again. Addition-
ally, Owen et al. [38] discovered that the compression
forces were significant while patients were being trans-
ferred from their beds to wheelchairs and from their
toilets to wheelchairs, with loads typically exceeding
3600 N. It was discovered that the patient's bed place-
ment was significantly decreased to just 107 N.

The second feature is that this transfer wheelchair
has a hydraulic lever that can go up and down. At
the same time, the patient 1s seated, making it easier
for nurses to adjust to the height of the bed, chair, or
toilet when moving the patient to a different position.
Often, transferring a patient to a bed, chair, or toilet 1s
at a height different from that of a wheelchair, so the
nurse has to carry the patient and increasing the risk
of injury. Toro et al. [39] measured the effect of vari-
ous environmental factors such as height differences,
gap dimensions, presence of obstructions, and pres-
ence and height of front or side handles on wheel-
chair transfer performance. The results showed how
the height difference between the wheelchair and the
target seat, both higher and lower, had the most sig-
nificant impact on the patient's ability to transfer. So,
this transfer wheelchair has a hydraulic pump that
can adjust to different heights. This hydraulic pump
has a lever the caregiver can use to change the height
as needed.

Figure 7. Stress, Deformation, and Safety Factors for Transfer Wheelchairs
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The third feature 1s the smaller wheel size, which
allows the wheelchair to fit under hospital beds and
bathroom doors making it easier for nurses to assist
patients during transfer activities. Although the wheel
size 1s smaller, it 1s still strong enough to withstand a
patient load of 80 kg. The current wheelchairs used
mn hospitals have a wheel size of 58.42 cm and a width
of 64 cm, while the rear wheels of the designed trans-
fer wheelchair have a diameter of 8.3 cm and a width
of 53 ecm. This smaller size enables nurses to more
easily assist patients in transferring to a bed or toilet.

Because of these additional features, specific
wheelchair components require routine maintenance
and replacement [40]. Wheelchair maintenance in-
volves routine examination and repair. Regular lu-
brication 1s essential for the hydraulic component to
facilitate the raising and lowering process.

The third priority 1s that the transfer wheelchair is
comfortable to use. This transfer wheelchair design
has a removable headrest and seat belt. The headrest
helps users feel more relaxed and reduces discom-
fort in the head, while the seat belt function prevents
the patient's body from falling forward or even due to
body weakness. There are locks on the front wheels
of the transfer wheelchair, thus increasing the com-
fort of patients and caregivers during transfer activi-
ties because the chair will not move.

The current wheelchair dimensions prevent pa-
tients from using it in the bathroom due to their size
exceeding that of the bathroom doors. This increases
the risk of nurses experiencing work-related musculo-
skeletal disorders (WMSD) when assisting patients in
bathroom activities. With the new transfer wheelchair
design, the dimensions have been adjusted to anthro-
pometry of Indonesian people as well as the size of
bathroom doors and toilets in hospitals. According to
Hwang et al. [8], nurses commonly perform manual
handling activities, including lifting, repositioning, and
moving patients from one bed to another (e.g., an-
other bed, wheelchair, bathtub, or toilet).

The transfer wheelchair has a space to put the in-
fuser and the patient's medical record. Some existing
wheelchairs do not have a place to put the infusion
and the patient's medical record, causing nurses to
place it on the patient's thigh. This can lead to uneven
mfusion fluid flow, making the patient uncomfort-
able. User needs in designing wheelchairs to support
health service facilities, when based on ergonomic as-
pects with practical attributes, namely available infu-
sion bottle and available document storage [41].

This wheelchair design primarily facilitates nurses
n patient transfer tasks, incorporates a foldable back-
rest and seat, includes a hydraulic pump for height

adjustment, and provides storage for infusions and
patient paperwork. A standard wheelchair in a hospi-
tal solely serves to carry patients and lacks elements
to assist in the transfer procedure.

5. Conclusion

The Kano Analysis processing results show that
all indicators fall into the one dimensional and must
be quadrant, meaning that all indicators are included
in the following data processing stage because they
are essential for both nurses and patients. These n-
dicators become attributes of user needs in data pro-
cessing with QFD. The adjustment importance value
1s used as information for the designer to prioritize
the user need characteristics; the higher the value,
the higher the priority of attribute needs according
to users. The three most significant values for adjust-
ment importance indicate the priorities in designing
the wheelchair.

The priority is that this transfer wheelchair should
be made of strong materials. This transfer wheelchair
uses material made of 304 stainless steel, which has
the properties of corrosion resistance, temperature
resistance, and strength, and can be used in medi-
cal devices. The second priority is that the transfer
wheelchair should facilitate the transfer from / and
to the wheelchair. To facilitate the transfer process,
this wheelchair has additional features different from
ordinary wheelchairs. The first feature 1s that this
transfer wheelchair can be opened and closed on
the seat, making it easier for nurses to move patients
from wheelchairs to beds and toilets during patient
transfer activities. The second feature is that the
transfer wheelchair has a hydraulic lever that adjusts
the height when the patient is seated, allowing the
nurses to adjust to the height of the bed, chair, or
toilet when moving the patient to a different position.
The third feature 1s the smaller wheel size, which al-
lows the wheelchair to fit under hospital beds and
bathroom doors, helping nurses assist patients more
easily during transfers.

The third priority is that the transfer wheelchair
must be comfortable to use. This transfer wheelchair
design has a removable headrest and seat belt. The
dimensions have been adjusted to the Indonesian an-
thropometry and the size of the hospital's bathroom
doors and toilets. Additionally, the transfer wheel-
chair has a place to put an infusion bottle and the
patient's medical records. This wheelchair possesses
commercial viability due to its utihzation of readily
available materials and its cost-effectiveness.
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This transfer wheelchair has the potential to miti-
gate nurses' accidents associated with patient transfer
operations. It features an open and closed seat and
adjustable height capabilities. Further research that
can be conducted includes testing the transfer wheel-
chair with users and adding new, more attractive fea-
tures. Like having hand brakes and using patterned
backrest materials that can breathe.
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