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Abstract 
Prehospital emergency care is facing a paradigm shift. Spinal motion restriction (SMR) is a way 
to treat trauma patients with symptoms of spinal injury. It was earlier entitled as ‘routine SMR’, 
and included spine board and cervical collar. During the 2000s, it has been noted that there is a 
lack of scientific evidence that proves the benefits with ‘routine SMR’. This led an expert group 
to the development of the national guidelines, that were published in 2019. The national guideli-
nes can be described as ‘selective SMR’, where the cervical collar and spine board is excluded. 
It means that the SMR shall be adapted to the patient and not the equipment. Furthermore, the 
patient should be involved as much as possible in the treatment. 

This master thesis has been conducted at the Luleå University of Technology (LTU), in colla-
boration with AB Germa. The objective was to enable paramedics (the users in this project) to 
provide trauma patients with safe and efficient SMR by improving the usability of available or 
future products for SMR. Therefore, the project aim was to deliver a conceptual suggestion with 
feedback from the users. Furthermore, a mapping with experienced problems was delivered, 
and a review of the available medical devices with recommendations on how the future product 
development of medical devices for SMR could head in a user-centred direction. The theoretical 
framework included both ergonomics, including anthropometry and anatomy, and semiotics to 
involve both the physical and cognitive aspects of good usability, as a complement to the contex-
tual immersion to be able to develop a thought through conceptual suggestion. 

The contextual immersion involved contact with Sweden’s 21 regions, and 16 paramedics. 
Through visits, interviews, and observations information was gathered about available medical 
devices for SMR, and challenges that paramedics are facing with them where mapped. This was 
compiled in a user need specification, which formed the basis for the idea generation. The idea-
tion resulted in over 200 ideas. Iterative feedback sessions together with the users generated five 
concepts, that by further feedback, and iterative work converged into one final concept. 

The project delivers a vest with vacuum technology that enables paramedics to perform safe and 
efficient SMR of trauma patients with various anatomy. The concept has the flexibility of a KED 
and the adaptability of a vacuum mattress. It enables ’selective SMR’ in confined spaces, and 
facilitates the patient to be more involved in the treatment. The project has generated insights 
about ’selective SMR’, and the meaning of it for future product development. Generally, we are 
moving towards medical devices for SMR that does not restrict movement as strictly as before. 
Many products in ambulance care have not been updated for a long time, and there is no doubt 
that there is a need for it. 

Keywords: Medical device, Prehospital emergency care, Spinal motion restriction, Para-
medics, Industrial design engineering, Human-centred design, Usability.

Sammanfattning
Inom prehospital akutsjukvård pågår just nu ett paradigmskifte. Spinal rörelsebegränsning 
(SRB) är ett sätt att vårda patienter som varit utsatta för trauma och som uppvisar symtom på 
spinal skada. Det benämndes till en början som ’rutinmässig SRB’ och inkluderade användning 
av spineboard och nackkrage. Under 2000-talet visade det sig finnas en avsaknad av vetenskap-
liga bevis som talade för fördelarna med ’rutinmässig SRB’, vilket ledde till att nackkrage och 
spineboard exkluderades. Det här föranledde en expertgrupp att ta fram nya nationella riktlinjer 
som publicerades 2019. De nationella riktlinjerna kan beskrivas som ’selektiv SRB’, vilket hand-
lar om att SRB ska anpassas utifrån patientens tillstånd och inte efter utrustningen. Patienten ska 
även involveras så mycket som möjligt i omhändertagandet.

Det här examensarbetet har utförts vid Luleå Tekniska Universitet (LTU), tillsammans med 
AB Germa. Syftet var att underlätta för ambulanssjukvårdare (användarna i det här projektet) 
att utföra säker och effektiv SRB på traumapatienter, genom att förbättra användbarheten hos 
befintliga eller framtida produkter för SRB. Målet var därför att leverera ett konceptuellt förslag 
med feedback från användarna. Utöver detta skulle en kartläggning av dagens utrustning och 
problem med dessa undersökas, med rekommendationer om hur den framtida utvecklingen 
kan gå mot en mer användarcentrerad riktning. För att få med de fysiska såväl som de kognitiva 
aspekterna av en god användbarhet så inkluderades både ergonomi, inkluderande antropometri 
och anatomi, samt semiotik i den teoretiska referensramen. Det här användes som ett komple-
ment till den kontextuella undersökningen för att försäkra sig om att det framtagna konceptet 
var väl genomtänkt. 

Den kontextuella undersökningen inkluderade kontakt med Sveriges 21 regioner och 16 ambu-
lanssjukvårdare. Genom besök, intervjuer och observationer samlades information om dagens 
utrustning för SRB, som utgjorde underlag för en kartläggning av de upplevda problemen. Allt 
sammanställdes som användarbehov i en lista. Det här kom att ligga till grund för den komman-
de idégenereingen, som resulterade i över 200 idéer. Iterativa feedbacksessioner tillsammans 
med användarna resulterade i fem koncept, som genom ännu mer feedback och iterativt arbete 
resulterade i ett slutgiltigt koncept.

Projektet levererar en väst med vakuumteknologi som möjliggör för användarna att utföra säker 
och effektiv SRB på traumapatienter med varierande anatomi. Konceptet har smidigheten av 
en KED och följsamheten av en vakuummadrass. Den möjliggör ’selektiv SRB’ i trånga utrym-
men och underlättar för patienten att vara deltagande i omhändertagandet. Projektet har också 
levererat insikter om vad ’selektiv SRB’ kan innebära för framtida produktutveckling. Det har 
visat sig att trenden går mot att utrustningen inte ska rörelsebegränsa lika mycket som den gjort 
tidigare. Många produkter inom ambulansen har inte uppdaterats på länge och det finns inga 
tvivel om att det finns ett behov för detta. 

Nyckelord: Medicinteknisk produkt, Prehospital akutsjukvård, Spinal rörelsebegränsning, 
Ambulanssjukvårdare, Teknisk design, Användarcentrerad design, Användbarhet. 
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TRAUMA LIFE SUPPORT WITHIN
PREHOSPITAL EMERGENCY CARE

Healthcare providers involved in this project

Hard stretchers Soft
stretcher

Extrication
device

Combi
CarrierII

National guidelines 2019 by: 
LÖF = County Councils' 
Mutual Insurance 
Company

SLAS = Sweden’s
Medically Responsible
Ambulance Physicians
in Cooperation

SMR = Spinal Motion 
Restriction

PHTLS = Prehospital 
Trauma Life Support

Healthcare  performed on trauma patients at the scene of accident and during transport to the hospital.

List of
abbrevations

Medical devices
According to the Swedish Medical Products Agency (n.d.), the medical device is a term that includes products that are used in all di�erent areas

of healthcare and self-care. Furthermore, the author argues that the products shall also be used on humans and have a medical purpose.

Scoop
EXL

Spine
board

Vacuum
mattress

KED

Other medical devices

Cervical
collar

Belt restraining
systems

Head
blocks

FROM IDEA 
TO REALITY

TECHNICAL 
VERIFICATION

What is the purpose of the product? 
Does it ful�l its technical requirements?

PRODUCT DEVELOPMENT
Context immersion, ideation, 

theoretical research, 
and validation with users.

CLINICAL
VALIDATION

Is it safe to use the product for its purpose? 
Are there any risks with the product?

EVALUATION

PRODUCT
IMPROVEMENT

IMPLEMENTATION

III

IIb

IIa

I

E.g. pacemakers 
& hip-joint implants

E.g. contact lenses & de�brillators

E.g. hearing aids & surgical gloves

E.g. stethoscope, hard and soft stretchers e.g. spine board, 
and vacuum mattress

HIGH
RISK

LOW
RISK

Medical Device Regulation (MDR)

CLASSIFICATION OF RISK
What are the requirements for safety testing

to continue the development?

Spinal Motion Restriction (SMR)
According to LÖF (2019), SMR is an approach for limiting the movement of the trauma patients spine. The purpose is to reduce the risk of
aggravating potential damage to the neck, chest, and lumbar spine. The goal is to move the patient as little as possible, and adaptation

must be made in consideration of the injured's anatomy and mobility.

A traumatic injury is a life-threatening injury that 
has exposed the human body with intense violence
which could be both physical and mental. Some
examples of traumatic injuries are spinal cord injuries, 
spine fractures, amputation, broken bones or
loss of relatives.  

The paramedics are the ones who arrive �rst at the 
scene of the accident. Their primary task is to take care 
of patients and to provide them with healthcare during
transport to the hospital. A paramedic explained their 
purpose like this:

”Paramedics buy time; physicians save lives.”

Patient with a
traumatic injury

Paramedics
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1. Introduction 
Prehospital emergency care is facing a para-
digm shift in how trauma life support should 
be performed1. From the 1900s until today, the 
recommendations of trauma life support has 
gone through significant changes. After the 
introduction of the concept Prehospital Trau-
ma Life Support (PHTLS) in Sweden, it was 
recommended to use the spine board together 
with a cervical collar on trauma patients with 
symptoms of spinal injury2. During the 2000s, 
it has been noted that there is a lack of scienti-
fic evidence that proves the benefits of perfor-
ming trauma life support with the spine board 
and cervical collar. Instead, several different 
drawbacks were noted in scientific publica-
tions, which lead to the development of the 
new national guidelines for Spinal Motion 
Restriction (SMR), published by an expert 
group 2019 (LÖF, 2019).

Because of the ongoing shift within prehospital 
emergency care, it is highly relevant to evalua-
te how available medical devices relates to the 
new national guidelines. If the medical devices 
are not well adapted, there is a high risk for 
paramedics to be injured at work, which can 
1 Specialist Nurse with Specialisation Anesthesia and Business Developer of Ambulance Service, 20th of February 2020
2 B. Eriksson, Consultant anaesthetist/ICU physician and National CMD PHTLS & AMLS, 12th of February 2020

lead to sick leave and high costs for society. 
Generally, the ambulance alarms has increa-
sed since 2012, which results in high demands 
on paramedics to work efficiently (SKR, n.d.). 
It is essential to provide patients with adequate 
nursing and safe transport to the hospital. To 
do that, it is crucial to continuously develop 
medical devices that facilitate the paramedic’s 
work both today and in the future due to the 
national and global environmental chang-
es. This is what the constituent AB Germa, 
located in Kristianstad, aims to do, and their 
goal is to develop user-friendly products. AB 
Germa is operative within multiple market 
segments. This project is within their largest 
market, which is the ambulance and emergen-
cy care. Because AB Germas desires to deve-
lop user-friendly products, it is considered to 
be valuable to have a user-centred approach in 
the project. 

This project is covered by a master thesis that 
is performed during the spring of 2020 at the 
Industrial Design Engineering (IDE) program 
at Luleå University of Technology (LTU). The 
focus of the project is to develop a conceptual 
suggestion of a new or available medical de-
vice.
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Figure 1. Timeline shows the different medical devices used for SMR and when 
each medical device was launched on the market.

1.1 Background 
In Sweden, trauma is the most common cause 
of death of people under 45 years old (Lenn-
quist, 2017). Every year, 3000 people die of 
injuries, distributed on self-inflicted injuries, 
intentional violence, as well as accidents, e.g., 
fall-, and traffic accidents (Lennquist, 2017). 
Jansson (2017) states that “in Sweden, approx-
imately 4,000 patients are affected each year by 
fractures of the neck, chest, and lumbar spine” 
(p. 397). The most common accidents repre-
sented when it comes to fractures of the spine 
are transport accidents, where vehicle crashes 
dominates (Jansson, 2017). Other common 
accidents in the case of spine injuries are fall 
accidents, damage due to recreational activi-
ties, and self-destructive behaviour, and im-
pulsive handling (Jansson, 2017).

Advanced Trauma Life Support (ATLS) is an 
American concept that was established in the 
late 1970s to improve trauma life support in 
rural areas (Mohammad et al., 2013). Accor-
ding to Johansson et al. (2012), PHTLS was 
established in U.S. 1983 with ATLS as a star-

3 B. Eriksson, Consultant anaesthetist/ICU physician and National CMD PHTLS & AMLS, 12th of February 2020
4 National coordinator PHTLS Sweden, 27th of February 2020
5 Specialist Nurse with Specialisation Anesthesia and Business Developer of Ambulance Service, 20th of February 2020

ting point, which NAEMT U.S. (2014) argues, 
is a training program for physicians. PHTLS 
is a course to educate paramedics in caring 
for trauma patients and advocates paramedics 
to have critical thinking in the treatment of 
trauma patients (NAEMT U.S., 2014). PHTLS 
was introduced in Sweden 1998, see figure 1, 
by Bengt Eriksson and three of his colleagues. 
Bengt is a national course medical director 
(CMD), he has national responsibility of PHT-
LS in Sweden3. PHTLS was brought to Sweden 
because there was no standardised approach 
to deal with trauma patients. PHTLS is a trau-
ma program for all prehospital personnel, and 
a part of it includes SMR4. SMR was earlier en-
titled as ‘routine SMR’, and included spine bo-
ard and cervical collar according to the PHTLS 
concept5. During the 2000s, it has been noted 
that there is a lack of scientific evidence that 
proves the benefits with ‘routine SMR’, see fi-
gure 1. Instead, several drawbacks were noted 
in scientific publications, which led an expert 
group to the development of the national gui-
delines that were published in 2019, see figu-
re 1. The national guidelines, included in the 
PHTLS concept, was developed by an expert 

group that was appointed on Bengt Eriksson 
Eriksson’s initiative and in collaboration with 
Löf:s project “Safe Trauma Care”6. Bengt Eriks-
son has had several responsibilities regarding 
the project. Prehospital trauma life support 
is now facing a paradigm shift where it goes 
from ‘routine SMR’ to ‘selective SMR’ which 
means that the cervical collar and spine board 
are excluded7. Selective SMR has the approach 
to adapt the SMR to each patient and current 
circumstances. This paradigm shift confirms 
the relevance of this master thesis and the rele-
vance of evaluating available medical devices 
for SMR.

In today’s prehospital emergency care, the 
paramedics use different medical devices to 
perform SMR of trauma patients. Two of the 
leading medical devices recommended in the 
national guidelines are the vacuum mattress 
and the scoop stretcher. The constituent initi-
ated a thought about combining the two medi-
cal devices. The main reason is that the patient 
should not lay too long on a scoop stretcher, 
because there is a risk of getting pressure so-
res. That is why they in current situations, 
depending on the transport time and the pa-
tient’s condition, sometimes have to move the 
patient from the scoop stretcher to the vacu-
um mattress. It is time-consuming to move 
the patient, and it is not desirable to move the 
patient more than necessary. Therefore, the 
scoop stretcher is mostly used all the way to 
the hospital. The patient may have unknown 
injuries in the neck and spine which could 
aggravate because of many transfers between 
medical devices when performing SMR. The-
refore, it is requested to find out whether 
there is a value of combining the properties 
from both the vacuum mattress and the scoop 
stretcher or not. That will reduce the risk of 
doing more harm to the spine because the pa-
tient do not need to be transferred between 

6 B. Eriksson, Consultant anaesthetist/ICU physician and National CMD PHTLS & AMLS, personal communication, 7th of February 2020
7 Specialist Nurse with Specialisation Anesthesia and Business Developer of Ambulance Service, 20th of February 2020
8 B. Holmqvist, 12th of February 2020

the scoop stretcher and the vacuum mattress, 
all in accordance with the minimal handling 
strategy.

1.2 Stakeholders
A mapping of the project’s stakeholders was 
created to facilitate the understanding of re-
levant knowledge, problems, requirements, 
and desires within the project. The stakehol-
der map is divided into three circles, accor-
ding to Cramer (2020): essential, important, 
and interesting, see figure 2. The three circles 
entails an understanding of each stakeholder’s 
importance, their role in the project, and their 
relation to each other.

1.2.1 Essential
The paramedics who perform SMR are consi-
dered to be the users and target group for this 
project. Their voices will form the basis of 
most decisions within this project. Other es-
sential stakeholders are the company AB Ger-
ma that are the constituent, and personas.

1.2.2 Important
Important stakeholders are the chief physi-
cians responsible for the ambulance service, 
and they have the highest competence within 
the area. They also have the most significant 
impact when purchasing equipment for usa-
ge within the ambulance service8. Other im-
portant stakeholders are the County Councils 
Mutual Insurance Company (LÖF) and the 
workgroup SLAS (Sweden’s Medically Respon-
sible Ambulance Physicians in Cooperation). 
They collaborated during the development of 
the national guidelines. Healthcare providers, 
which is the link between Swedish regions and 
the paramedics, are also considered as impor-
tant. Swedish medical product agency has an 
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Healthcare providers: 
Falck, Samariten, 
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Premedic & AISAB

Service
technicians

Design team
Persona

Paramedics

AB Germa

Swedish regions

Chief physician

LÖF/SLAS
National guidelines

Patient

Manufacturing
sta�

Swedish medical
product agency

The national board
of health and welfare

Requirements

Guidelines

Product

Regulations

Nursing/transport

Knowledge

Service

Manufacturing

Requirements

Guidelines

Product

Regulations

Nursing/transport

Knowledge

Service

Manufacturing

Figure 2. The illustration shows the stakeholders and their 
correlation with each other.

important role together with European phar-
maceutical authorities in controlling whether 
medical devices comply with prevailing laws 
and regulations or not. The design team lies in 
the boundary between essential and important 
stakeholders as they have an important role in 
running the project.

1.2.3 Interesting
Interesting stakeholders are the Swedish re-
gions who decide what medical devices to be 
available for SMR in the ambulances within 
prehospital emergency care. The National Bo-
ard of Health and Welfare has a connection 
to the Swedish medicals product agency and 

prevailing laws and regulations. Other inte-
resting stakeholders are the patient, service 
technicians, and the manufacturing staff. Pa-
tients are considered as interesting and not es-
sential because they do not get in touch with 
the products so often that their impact can be 
considered as important for successful pro-
duct development within this project. Other 
parameters, such as medical requirements, 
and the patient’s anatomy, will be included in 
the product development. The only knowled-
ge about them that is considered as important 
to their health benefits is gathered from staff 
within healthcare, which is both paramedics 
and chief physicians who know what is best for 
a traumatised patient.

1.3 Objective and aims 
The objective of the project is to enable para-
medics to provide trauma patients with safe 
and efficient SMR by improving the usability 
of available or future products for SMR. That 
will reduce the risk of aggravating unknown 
injuries in the neck, chest, and lumbar spine. 
The project will increase knowledge about the 
challenges that paramedics are facing when 
using available medical devices to perform 
SMR, and how existing devices relate to the 
current paradigm shift and the national gui-
delines within prehospital emergency care. 
The knowledge gathered within the project 
will be usable for other product developers 
who are at the forefront of the development of 
future medical devices for SMR. The knowled-
ge will provide a bridge between health care 
and IDE. IDE together with Human-Centred 
Design  (HCD) are both essential research 
areas for understanding the problems and 
needs of people. Therefore, the project will 
have a user-centred approach to ensure that 
the users’ thoughts and desires are taken into 
account. In order to achieve the objective of 
the project, the following aims will be deliv-
ered:

1.3.1 Research questions
In order to achieve the aims and objectives of 
the project, the following research questions 
must be answered:

AIM 1
Review the available medical devices and deliver recommendations on how the future 
product development of medical devices for SMR could head in a user-centred direc-
tion.

AIM 2
Mapping paramedics experienced problems with available medical devices.

AIM 3
Deliver a conceptual suggestion with feedback from users that meets the project’s ob-
jective. 

How can the SMR be described 
in Sweden today?

What challenges are the para-
medics facing regarding avai-
lable medical devices and its 
usability, both today and after 
implementation of the national 
guidelines?

How can a product be developed 
to eliminate those challenges?

1.

2.

3.
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1.4 Project scope 
This is a master thesis project that is covered 
by 30 ECTS and a product development work 
that was conducted by two students during 20 
weeks of full-time work. The work included 
practical development work which involved 
selection and application of different design 
methods that was considered to contribu-
te with relevant information to the product 
development. It involved scientific work that 
was covered by a literature review within re-
levant areas to both IDE and the project itself. 
The delimitations of the project was that vi-
sualisations, drawings and prototypes were 
only used for visual presentation, representa-
tion of technical functions, and usage of the 
product. The project has not performed any 
strength calculations, but how the medical 
device should be manufactured and designed 
was discussed. A drawing for a physical hi-fi 
prototype was delivered. However, due to the 
time limit, the prototype was not evaluated 
within this project. Instead, it was delivered to 
AB Germa for further development. AB Ger-
ma distributes products in 60 countries, and 
the project was delimited within Sweden. The 
project provided recommendations of impor-
tant laws and regulations for further product 
development. The final concept within this 
project does not fulfil all recommended laws 
and regulations.

1.5 Thesis outline
In this section, a description of the thesis out-
line is explained. The thesis outline consists 
of seven chapters followed by references and 
appendices. Current state

Benchmarking
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 C

O
N
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Chapter 1: Introduction
Chapter 1 includes an introduction and 
an overview of the project. The chapter 
covers background information, objec-
tive and aims, stakeholders within the 
project, and the project scope. 

Chapter 2: Context
Chapter 2 includes the context, and 
consists of information about the cur-
rent state within prehospital emergency 
care, a future vision, and a benchmark. 

Chapter 3: Theoretical 
framework
Chapter 3 includes both design and pro-
ject-related research areas, such as IDE, 
regulations for medical devices, and pro-
duct development, and forms the scien-
tific base for the project. 

Chapter 4: Method
Chapter 4 includes the project planning 
and process. The chapter consists of des-
criptions and arguments for the chosen 
methods within the project. 

Chapter 5: Results
Chapter 5 includes the result from each 
phase (inspiration, ideation, and imple-
mentation) followed by the final result. 

Chapter 6: Discussion
Chapter 6 includes a discussion about 
the final result with the theoretical 
framework in mind. The chapter also 
consists of reflections, and recommen-
dations for future development.

Chapter 7: Conclusions
Chapter 7 includes a conclusion with an-
swers to the research questions.
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2. Context
This chapter includes a description of the cur-
rent state within prehospital emergency care, 
a description of SMR, a future vision from AB 
Germa’s perspective, and a benchmarking that 
includes a review of available medical devices 
used for SMR on today’s market.

2.1 Current state
In this section, the current state within pre-
hospital emergency care is presented. It in-
volves information about the historical de-
velopment of prehospital emergency care, 
paramedics, prehospital emergency vehicles, 
trauma life support, SMR, national guidelines 
2019, and the future vision. 

2.1.1 Prehospital emergency 
care
Before the 1980s, healthcare was minimal 
during transport to the hospital, from the sce-
ne of the accident, the ambulances were main-
ly used as a transport service (Björnstig, 2004). 
Furthermore, the author states that during this 
time, the understanding of the importance of 
early treatment of trauma patients grew. The 
U.S., especially, had data about the importan-
ce of correct and professional handling within 
the first hour of the accident, called “The gol-
den hour” (Björnstig, 2004). The developme-
nt of prehospital emergency care increased 
during the 1980s and 1990s, in terms of orga-
nisation, education, and competence (Björn-
stig, 2004). The National Board of Health and 
Welfare describes prehospital emergency care 
as “Immediate medical act that is widened 
by healthcare professionals outside hospitals” 
(SOSFS 2009:10, p. 3).

1 B. Eriksson, Consultant anaesthetist/ICU physician and National CMD PHTLS & AMLS, personal communication, 25th of May 2020

2.1.1.1 Paramedics 
The people working in the ambulance have a 
varying and demanding working environment 
(RAS, 2012). Every scene of accident is unique, 
and they meet people at all stages of life and 
with varying physical conditions, e.g., varying 
anatomy (RAS, 2012). It requires a skill of the 
paramedics to be able to quickly adjust and 
perform the healthcare for different situations 
and environments (Soreide & Grande, 2001). 
The paramedics are trained to make quick de-
cisions and to provide the patient with the best 
possible care with limited resources (Soreide 
& Grande, 2001). According to FLISA (2018), 
the paramedics should have a primary educa-
tion as an assistant nurse, nurse, or physician. 
Besides, they must have adequate training in 
ambulance healthcare, and in each ambulan-
ce, there must be at least one registered nurse 
(FLISA, 2018). To provide paramedics with 
high-quality knowledge in trauma life support 
in ambulance healthcare, the program PHTLS 
is used together with SLAS guidelines1.

2.1.1.2 Prehospital emergency 
vehicles 
There are many different vehicles involved 
in prehospital emergency care with different 
purposes, e.g., ambulance helicopter, emer-
gency doctor’s car, on-call doctor’s, and dif-
ferent types of road ambulances (A1, A2, B, 
C), see page 9. This project focuses on type B, 
which is called an emergency ambulance, see 
figure 3. It is suited for primary transport and 
basic treatment of patients in need of emer-
gency care according to the standard SS-EN 
1789:2007+A2:2014 (Medical vehicles and 
their equipment - Road ambulances Standard, 
2014). Furthermore, another type of road 
ambulance is A which is a patient transport 
ambulance that is used to transport patients 
whom are not in need of emergency care. A1 
is for one patient and A2 is for two patients, 
see figure 4. The last type of road ambulan-

Figure 3. Emergency ambulance (B).

Figure 4. Patient transport ambulance (A2). Figure 5. Mobile intensive care unit (C).
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ce is type C which is a mobile intensive care 
unit, see figure 5, which is suited for transport 
and advanced treatment of patients in need 
of emergency care. There are several limita-
tions when driving the road ambulances. The 
Swedish Transport Agency (n.d.) writes, with 
a B driver’s license, it is allowed to drive private 
cars and light trucks with a maximum weight 
of 3500 kg. Therefore, the most ambulances 
weight is limited to that. It affects the ambu-
lances, and each medical device needs a clear 
function and a reasonable weight. Therefore, 
minimising the weight of the medical product 
is advantageous. 

2.1.1.3 Trauma life support
Trauma is a common cause of death within 
prehospital emergency care in Sweden (Lenn-
quist, 2017). Trauma injuries are mostly cau-
sed by vehicle crashes, falls, and recreational 
activities. A traumatic injury is commonly di-
vided into three categories: homicide, suicide, 
and unintentional (Soreide & Grande, 2001). 
NAEMT U.S. (2014) argues that trauma is not 
an accident and divides it into two categories: 
intentional and unintentional. It is, therefore, 
possible to assume that homicide and suicide 
2 Paramedic, personal communication, 18th of February 2020
3 Paramedic, personal communication, 18th of February 2020
4 Section Director of Ambulance Service, personal communication, 12th of February 2020
5 Chief Physician of Ambulance Service, personal communication, 7th of February 2020

go under the category intentional, see figure 6. 
Furthermore, NAEMT U.S. (2014) argues that 
the intentional injuries result from intentio-
nal actions e.g., people with the will to harm 
oneself or another person. That unintentional 
injuries occur unforeseen, see figure 6. 

When the paramedics have been assigned to 
an alarm, they hurry to the ambulance. Then 
they read about the case they are going on 
while on their way there2. When they arrive at 
the scene of the accident, they get an overview 
of the situation and apply triage, see figure 7. 
The triage is a tool that helps the paramedics 
to evaluate whether SMR is needed or not3. In 
Sweden, the decisions are based on an assess-
ment according to NEXUS criteria4. NEXUS 
is a triage used within emergency care (LÖF, 
2019).

2.1.1.4 Spinal motion restriction
SMR is used in trauma life support to prevent 
spinal injuries from an unstable fracture. Ac-
cording to the national guidelines, it should 
be referred to as SMR, which better relates 
to what is accomplished5. Immobilisation of 
an unstable spine fracture can only be fix-

Homicide Tra�c Fall Recreational
activities

Unintentional
Injuries that occur unforeseen NAEMT U.S. (2014).

Intentional
Planned or done hastily with the will-power to

harm oneself or another person NAEMT U.S. (2014).

Traumatic injury
An injury which exposes the human body with intense violence which is divided into two categories: psychiatrical trauma and 

pathological trauma (Trauma, 2020). Psychiatrical trauma is an injury that has a�ected the patient mentally, e.g., an experience that has caused
mental pain (Trauma, 2020). Pathological trauma is an injury that has physically damaged the human body, e.g., from violence (Trauma, 2020). 

Some examples of traumatic injuries are spinal cord injuries, spine fractures, amputation, broken bones or loss of relatives.  

Suicide

Figure 6. The illustration shows the two categories of trauma.

ed in hospital because screws and braces are 
needed6. Because of the noted drawbacks with 
routine SMR, it was requested to develop gui-
delines for decision making when evaluating 
the patient’s condition. The guidelines are des-
cribed in the following paragraphs.

National guidelines 2019
National guidelines for SMR was published by 
an expert group in the spring of 2019 in colla-

6 Chief Physician of Ambulance Service, personal communication, 7th of February 2020
7 B. Eriksson, Consultant anaesthetist/ICU physician and National CMD PHTLS & AMLS, personal communication, 7th of February 2020

boration with SLAS. SLAS is an association of 
interest for Swedish medically responsible am-
bulance doctors7. The guidelines are based on 
Norway’s guidelines from 2017, and they have 
been compared and supplemented to recent 
literature. The purpose of the guidelines is to 
increase the safety and the quality at the dis-
posal, and to ensure standardised treatment 
of trauma patients, where techniques used for 
selective SMR is used in a way that benefits the 
patients (LÖF, 2019). The eight treatment re-

Figure 7. Shows the triage NEXUS.

Blunt force trauma

Decreased level of consciousness
(RLS>1, GCS<15)?

YES NO

Backpain or soreness in back?
or

Neurological loss or symptoms?
or

Anatomical misalignment in the back?

YES NO

Is there a typical damage mechanism?

YES NO

Signs of alcohol/drug abuse?
or

Distracting injury?
or

Unable to communicate?

YES NO

SMR

Early evacuation

SMR not
indicated

Evacuation

1

2

3

Penetrating trauma

Neurological loss/symptoms?

YES NO

SMR

Early evacuation

SMR not
indicated

Early evacuation

1

2

3

•  Heavy violence against head, neck, thorax or pelvis
•  Sudden acceleration, deceleration or lateral
    bending forces against neck or torso
•  Fall
•  Fall from carrier
•  Diving in shallow water

•  Any injury that is so severe that it may impair the 
   patient's ability to perceive other injuries:
    •  Fractures of the long tubular bones
    •  Suspicion of internal organ damage
    •  Major wound injuries, pull or crush injuries
    •  Extensive burns
    •  Other acute injuries that cause acute functional
        limitations

•  Unability to speak or loss of hearing
•  Speaks foreign language
•  Young children

Triage - NEXUS

Comments to the schedule for blunt force trauma

SMR of trauma patients



12 13

commendations can be seen in figure 8. 

Previously, all trauma patients with symptoms 
of spinal injury would be placed in a supine 
position, flat on a scoop stretcher or vacuum 
mattress. Now, the patient’s condition, and 
physical needs shall be met before placing 
them on the scoop stretcher/vacuum mattress. 
The patient’s anatomy shall also be considered 
to not aggravate or cause an injury to the pa-
tient, e.g., people with kyphosis, bechterew, or 
DISH have an increased risk of back or spinal 
injuries. 

The cervical spinal restriction should now be 
achieved manually, or with external techni-
ques, the cervical collar is removed from the 
prehospital emergency care. Adverse effects 
have been detected due to the cervical collar, 
e.g., pain and discomfort, difficulties treating 
respiratory problems, development of pressu-
re sores, and elevated cranial pressure. The au-
thors of the national guidelines assessed that 
the benefits with the cervical collar have weak 
scientific support; on the contrary, the risks of 
using cervical collars are well documented.

In the guidelines it is now recommended that 
carrier systems with soft materials should be 
used for longer transports. Because, negative 
aspects has been shown regarding breathing 
and/or circulation when the patient lays flat 
on a hard stretcher. Therefore, transport on 
hard stretchers should be limited to shorter 
transports. It is also new that patients who 
are respiratory and circulatory stable as well 
as fully awake, best protect their own spine by 
controlling the movements themselves during 
movement. Therefore, if the patient can colla-
borate they shall be guided to own extraction.  

2.1.2 Future vision - the 
combination
AB Germa initiated the thought of investiga-
ting if there is a value of combining the scoop 
stretcher and the vacuum mattress. There are 
both advantages and disadvantages to the med-
ical devices, and it is desirable to combine the 
advantages and eliminate the disadvantages of 
both medical devices. The main advantage of 
the scoop stretcher, from the company’s per-
spective, is the scoop function. It enables the 
paramedics to scoop up the patient from the 
ground and therefore avoid the unwanted log 
roll, see figure 9. LÖF (2019) describes that log 
roll can cause extensive movements of the spi-
ne. The main advantage of the vacuum matt-
ress is the comfort for the patient. According 
to LÖF (2019), the risk of getting pressure 
sores are minimised when using the vacuum 
mattress compared to a hard stretcher system 
because it has fewer pressure points. The com-
bination, according to AB Germa8, will lead 
to two things. Firstly, it will be a smaller pro-
duct to store in the ambulance. Secondly, it 
will enable paramedics to perform SMR with 
fewer steps, and therefore entail in fewer risk 
factors for the patient.

8 B. Holmqvist, personal communication, 12th of February 2020

2.2 Available medical 
devices
In this section, the result from the benchmark 
is presented. It involves information about av-
ailable medical devices for SMR in Sweden. 
Available medical devices includes hard 
stretchers, vacuum mattresses, extrication de-
vices, head immobilisers, and belt restraining 
systems. This benchmarking is limited to the 
medical devices seen during the empiric stu-
dy. An analysis of the entire market was con-
ducted to get an overview of the solutions av-
ailable in today’s market. It included, among 
others, AB Germa, Ferno, Hartwell, Schmidt, 
Redvac, and Schnitzler.

The most commonly used medical devices in 
Sweden for SMR of trauma patients with pos-
sible spinal injuries are presented in the fol-
lowing paragraphs. Some of them are different 
hard stretchers such as the ScoopEXL, and the 
CombiCarrierII, and vacuum mattresses, such 
as EasyFix PLUS, see page 17. Other medical 
devices for SMR used for vehicle extractions 
are HS Rescueboard, and Kendrick Extrica-
tion Device (KED), see page 17. To ensure safe 
SMR, paramedics use complementary medi-
cal devices, such as a variety of head immobi-
lisers, and belt restraining systems.

The procedure of SMR of a patient with avai-
lable medical devices could be to transfer the 
patient from the ground with the help of the 

Figure 9. The illustration shows a log roll.

Injuries, where spinal trauma is suspected, are to be spinal motion restric-
ted. 

Triage instruments based on clinical findings shall be used. 

The injured shall be taken care of in a way that minimises the movements. 
The spinal motion restriction shall be following the injured and not the 
equipment. 

Spinal motion restriction shall never delay or prevent life-saving measu-
res on the critically injured trauma patient. 

Cervical spinal motion restriction can be achieved manually or with ex-
ternal techniques such as head blocks or equivalent. Use of cervical collar 
shall be limited to extraction.

Ideally the movement of the injured from the ground or between stretch-
ers shall be done with help of the scoop stretcher.

Carrier systems with soft material recommends for longer transports. Car-
rier systems with hard material shall be limited to shorter transports. 

Patients who can collaborate shall be guided to their extraction. 

(LÖF, 2019, p. 7, own translation)

Figure 8. The eight treatment recommendations. 

1.

2.

3.

4.

5.

6.

7.

8.
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3.2.1.

ScoopEXL/CombiCarrierII to the vacuum 
mattress (1). The ScoopEXL/CombiCarrierII 
is removed (2) before the patient is fixated in 
the vacuum mattress (3). ScoopEXL/Com-
biCarrierII can be used at shorter transports 
with a belt restraining system and a head im-
mobiliser. If a divisible hard stretcher is not 
used, then the paramedics need to do a log 
roll to place the patient on the vacuum matt-
ress. The medical device called KED is usually 
used at vehicle extractions. The KED is placed 
behind the patient’s back (4), then the patient 
is fixed with straps around the head (5), body 
(6), and legs. 

2.2.1 Hard stretchers 
There are several different hard stretchers on 
the market. It can be divided into two catego-
ries, which are not divisible, e.g., Spine board, 
and divisible, e.g., the ScoopEXL and Combi-

CarrierII. Not divisible hard stretchers have 
been eliminated after the introduction of the 
national guidelines. The focus in the bench-
marking has been on the ScoopEXL and the 
CombiCarrierII. 

ScoopEXL is softly peeled and has handles for 
carrying. There are two handles at the top and 
the bottom of the stretcher. On each side, the-
re are four handles. There are holes at the top 
of the stretcher, used for an H-strap or similar, 
which fixes the associated head immobiliser. 
There is a lock at the top and bottom of the 
stretcher, which makes the ScoopEXL divisible 
in two. It is also possible to adjust it longitu-
dinally, with four different positions, to suit 
different patients. The length is adjusted with 
levers on each side. The ScoopEXL can also 
be folded longitudinally and allows a greater 
variety of storage solutions. The ScoopEXL is 

6.5.4.

also well suited for confined areas. (FERNO 
Norden, n.d.-b). 

The difference between the CombiCarrierII 
and the ScoopEXL is that the ScoopEXL can 
be adjusted longitudinally while the Combi-
CarrierII can not. The CombiCarrierII can be 
split either at the top or the bottom or comple-
tely. It has several holes for belts and straps to 
secure the patient during transport. There are 
two handles at the top and the bottom of the 
stretcher. On each side, there are five handles. 
The CombiCarrierII is also well suited for con-
fined areas. (Hartwell Medical, 2019). 

2.2.2 Vacuum mattresses
The vacuum mattress provides the patient with 
full-body fixation according to the patient’s 
anatomy. It works like a temporary surgical 
cast that keeps the body in a fixed position. 

The shape varies, some vacuum mattresses 
are rectangular, and some have the shape of a 
body. It is also proven that vacuum mattres-
ses have fewer pressure points than the hard 
stretchers, which enables longer transports of 
patients (LÖF, 2019).

The vacuum mattress EasyFix PLUS by AB 
Germa was analysed in this benchmarking 
because this vacuum mattress has most of the 
functions on the market. The design includes 
extra support of the head, neck, and upper 
back without the use of a cervical collar. It has 
a body shaped design with a total of ten hand-
les, five on each side. 

2.2.3 Extrication devices
Extrication devices are mainly used at extrica-
tions in confined spaces, e.g., vehicles. One of 
the most commonly used extrication devices 
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is KED. Another medical device used for fast 
vehicle extrications is the HS Rescueboard. 
HS Rescueboard is usually found in the fire 
trucks.

KED protects the patient’s head, neck, chest, 
and lumbar spine. There are three straps 
around the patient’s torso, colour-coded in 
blue, yellow, and red. There are also two leg 
straps. All straps have snap-lock buckles to 
fasten the procedure of securing the patient. 
The vest is rigid vertically to provide proper 
support, but adaptable horizontally. The sides 
can be folded back so the paramedics can ac-
cess the chest. The KED works on a variety of 
patients, e.g., pregnant and children. The KED 
comes with a neck pillow, and two head straps 
to fixate the head. There are two integrated 
handles in the back to easily carry the patient. 
If KED is turned upside down, it can be used to 
fixate pelvis and hip. (FERNO Norden, n.d.-a). 

2.2.4 Head immobilisers
When SMR is performed, additional medical 
devices are needed to support the head of the 
patient. There are many different head immo-
bilisers on the market. Most manufacturers 
offer compatible products. E.g., ScoopEXL 
works together with the head blocks seen in 
figure 10. Most head immobilisers consist of 
head blocks, which are modular and therefo-
re offer customization to different head sizes. 
One product that stands out is the Motion 
Restriction Pillow (MRP), see figure 11, which 
enables individual fixation depending on the 
patient’s anatomy.

2.2.5 Belt restraining systems
There are several different types of straps and 
belts to restrict a patient’s movement on the 
stretchers. These are needed to maintain the 
patient’s safety during both displacement and 
transport. X-spider is a typical belt restraining 
system, see figure 12.

CombiCarrierII

KED HS Rescueboard

ScoopEXL EasyFix PLUS

Price: ≈11760 sek Price: 17050 sek

Price: 2245 sek

165-201x43x8 cm
Weight: 8 kg 
Loading capacity: 227 kg
Materials: polymer, composite
Radiolucent
Not �oating

186,7x41,9x5,6 cm
Weight: 7,1 kg 
Loading capacity: 205 kg
Materials: HDP, �berglass, urethane 
foam, aluminium, stainless steel 
Radiolucent
Not �oating

83x25-80x25-80 cm
Weight: 3 kg 
Loading capacity: 227 kg
Materials: Plastic
Radiolucent
Not �oating

138x43 cm
Weight: 4 kg
Materials: Stainless steel 
Not radiolucent
Not �oating

208x130/72x4,5 cm
Weight: 8,7 kg 
Loading capacity: 250 kg
Materials: Polyester �bre (PVC-coa-
ted), polyester, styropor granules, and  
birch plywood  
Radiolucent
Floating

Figure 10. Shows the head blocks for ScoopEXL, 365-E.

Figure 11. Shows the MRP.

Figure 12. Shows the X-spider.
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3. Theoretical 
framework
This chapter includes results from the litera-
ture review, which presents essential informa-
tion about important research areas and theo-
ries that are considered relevant to the project. 
The topics are both design and project-related 
theories.

3.1 Industrial design 
engineering 
IDE is according to Johannesson et al. (2013) 
the bridge between engineering and design. 
There are two directions within IDE, a scien-
tific engineering direction, and a design direc-
tion (Hurst, 1999). Norman (2013) writes that 
for a long time ago, it was really hard to imagi-
ne how design principles could work together 
with engineering. Design was pure art by that 
time, and engineering did not have any influ-
ences from neither humans or users (Norman, 
2013). Johannesson et al. (2013) describes that 
design does not have a straightforward defi-
nition. The authors describes that design has 
different meanings depending on the context. 
SVID - What is design? (2019) writes that 
design is the ”carrier of the user-perspective”. 
SVID (2019) argues that design is about pro-
ducing innovative solutions of all kinds, both 
products, services, and even processes for inn-
ovation with human-needs in focus. Humans 
and users seems to be the central meaning of 
design, and what good design are, therefore 
seems to be subjective. 

For the scientific and engineering direction, 
Hurst (1999) argues that engineering has its 
roots in well-defined and proven scientific 
principles derived from nature, which is pos-
sible to prove with laboratory experiments. 
According to Hurst (1999), all people are dif-

ferent, which means that their needs are not 
the same either, which strengthens the dif-
ficulty of performing tests to investigate the 
human factors in a laboratory. That states the 
clear difference between engineering with a 
scientific direction and engineering with a de-
sign direction. So what is a good description 
of IDE? It is one single direction of product 
development, which considers many aspects, 
both humans, users, society, technology, eco-
logy, and environment.

This project touches all these aspects. It in-
cludes knowledge from the healthcare system 
involving the treatment of trauma patients, 
and human physiology. Norman (2003) ar-
gues that the process Human-Centred Design 
(HCD) focuses on the user and that it is used 
to ensure that the users’ needs are fulfilled. 
Therefore, it seems natural to perform the 
development of a medical device within the 
area of IDE together with the HCD process. 
The scientific engineering part focuses on 
the product’s technology and, thereby, safety. 
The design part focuses on the users’ needs. 
The combination of research within design 
and engineering in IDE makes it possible to 
contribute with valuable knowledge to healt-
hcare, in order to develop well-adapted pro-
ducts. User-friendly products should result in 
safe and efficient treatment of patients. This 
can lead to shorter rehabilitation, less perma-
nent injuries in patients, and lower sick leave 
in both patients and paramedics. This leads to 
financial gain for companies, and thus also for 
society. 

With this in mind, the theoretical framework 
reflects the dependency between all research 
areas, see figure 13, e.g., a user is happy, if the-
re is good usability. There should be good usa-
bility if the ergonomic design is well thought 
through. The ergonomic design could also be 
improved with rules of semiotics, but it could 
also work the other way around. These areas 
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in the theoretical framework are the following, 
usability, which is a sub-area within user expe-
rience (Interaction Design Foundation, n.d.). 
Usability forms a bridge between the HCD 
process, with a co-design approach, and two 
other relevant research areas within IDE, na-
mely ergonomic design (anthropometry and 
anatomy), and semiotics, “the study of signs” 
(p. 61) as Monö (1997) describes it. The users 
is in the center, which underline the users im-
portance within this project, and sustainabili-
ty surrounds everything.

3.1.1 Co-design
People often design to users but forget the 
value of involving users and other stakeholders 
from the beginning to the end in the develop-
ment process. Co-design is highly relevant to 
the HCD process because it focuses on invol-
ving stakeholders iteratively in the process. 
Co-design is one of many sub-genres to IDE. 

Co-design might seem to be a new area of IDE 
but has its roots in participatory design, which 
became popularised in the 1980s in conjunc-
tion with Ehn (1988) and Sanders & Stappers 
(2008). Today many people talk about co-de-
sign, which is a more modern way of prono-
uncing the same subject. Even though it is an 
old subject Binder et al. (2008) argue that it 
has grown in recent years. Sanders & Stappers 
(2008) agree and write, “the next new thing 
in the changing landscape of design research 
has become co-designing with your users” (p. 
5). Ehn (1988) and Schuler & Namioka (1993) 
states that co-design is a process in which sta-
keholders collaborate. He also argues on the 
importance of not only focusing on technical 
features when designing products. He writes 
that the human interaction with a product 
has an equal value in the design process. It is, 
therefore, crucial that the human interaction 
is well thought through during the whole de-
velopment.

User 
Experience

Usability

The users

Anthro-
pometry Anatomy

Product
semiotics

Ergonomic
design

Human-centred 
design process

Co-Design

Sustainable
design

Figure 13. The illustration shows the correlation between the  research areas within IDE.

It is a fact that, as a designer, it is not pos-
sible to fully understand the users perspective 
without talking to them and observing them. 
The users have the answers. The designer’s task 
is to meet them to empathise, listen, and ana-
lyse the findings (Sanders & Stappers, 2008; 
Bannon & Ehn, 2012). Because of the value of 
involving users in the design process, it seems 
advantageous to apply the HCD process with 
a co-design approach to this project where 
the focus lies on the paramedics. They stand 
in front of challenges every day, which the 
designer can not even imagine. That makes 
it obvious to involve the paramedics as much 
as possible throughout the whole design pro-
cess. It helps the designer to empathise and 
understand possible challenges that enables 
the development of innovative solutions to 
their problems (Bannon & Ehn, 2012). The 
most important thing to have in mind is not 
to stop asking questions to the users after the 
first phase of the project - that is when it starts 
- when new solutions come up, it is essential to 
get continuous feedback from users and other 
stakeholders (Gregory, 2003).

3.1.2 Usability 
Usability is important within this project due 
to the prevention of risks. Some common risks 
can lead to hazards in product design, e.g., if 
the product is not used as it is supposed to be 
used, or if the product is used as it is suppo-
sed to be used, both could mean that it is not 
safe. Other hazards could be that the product 
requires more from the user than the user 
can handle, e.g., the product function is not 
consistent with the user’s expectations or intu-
ition, and the environment may affect the pro-
duct’s function in a way that the user does not 
understand (Akselsson, 2010). There exists 
much information about how to prevent those 
hazards, e.g., Preece et al. (2015) believes that 
usability is about adapting and developing the 
user’s interaction with a product, which could 

reduce the hazards. The authors mean that it 
can include the user’s experience of the pro-
duct e.g., was it funny or annoying to use? Al-
ternatively, it may be about how effective the 
use of a product is. Jordan (1998) argues about 
the importance of developing usable products. 
At the same time, Norman (2013) writes that 
it is often forgotten to evaluate a product’s usa-
bility because the purchaser is not always the 
user, which is often the case within prehospital 
emergency care. He argues that the user’s voi-
ce is crucial for how well thought through the 
usability of a product is. Therefore, it is prefe-
rable if the users report about their thoughts, 
problems, and desires. Furthermore, Norman 
(2013) argues that the price is often the main 
factor for the purchaser’s decision, which users 
have confirmed during the contextual immer-
sion within this project. 

Jordan (1998) presents ten principles of usable 
design, and Preece et al. (2015) divides usa-
bility into six different goals. A summary of 
them, considered valuable to this project, are 
presented below with examples within emer-
gency care:

Efficient use - When the user has learned how 
to use the product; How practical is the usage? 
(Preece et al., 2015).

Consistency - Jordan (1998) writes that ”simi-
lar tasks should be performed in similar ways” 
(p. 25), e.g., it may be that several medical devi-
ces are similar to each other, e.g., the spine bo-
ard is quite similar to the scoop stretcher. The 
most significant difference is that the scoop 
stretcher is divisible, but otherwise, the use is 
pretty much the same. This could include the 
value of recognising a product’s appearance 
within a product category (Jordan, 1998).

Compatibility - is similar to consistency, but 
the difference is that compatibility means that 
there could be similarities within different 
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product categories or similarities of a pro-
duct and something different (Jordan, 1998). 
He argues that it enables the users to benefit 
from what they have learned in the outside 
world when they are about to use the product 
in question. If this is possible, it may ease the 
usage of the new product for the user, e.g., if 
the new medical device within this project has 
similar functions to an existing one, there will 
be lower educational costs than for a comple-
tely different product (Preece et al., 2015).

Feedback - Jordan (1998) writes that this is 
about feedback from different actions with a 
product, e.g., a click sound if you close a lock, 
it could also be the sound of tightening the 
buckles on a medical device, e.g., the vacuum 
mattress. If there is no sound when fastening, 
it may signal that it is not inserted correct-
ly. Safety, error prevention, and recovery are 
about minimising the risk of user errors and 
how to help the user quickly fix errors (Jor-
dan 1998). Preece et al. (2015) adds that the 
developer should think of possible actions that 
could fix the errors.

User control - Jordan (1998) argues that the 
user should be able to control the usage of the 
product, e.g., adapt the medical device for both 
the user and the patient. As previously men-
tioned, there is one big difference between the 
scoop stretcher and the spine board. The scoop 
stretcher has better user control, because it is 
possible to split and adapt it to the patient.

Visual clarity - meaningful information about 
the product and its usage should be display-
ed according to Jordan (1998), e.g., it could 
be equipped with a simple illustration of how 
to prepare or adapt the product. There should 
be no room for misunderstandings, e.g., if it 
is about preparing och applying something, it 
could be divided into steps for clarity.

Explicitness - this is about affordance (Jor-

dan, 1998). The author means that the product 
should have elements that speak for its usage, 
that the product has clues, e.g., several holes in 
the side of the stretcher, tells the users that it 
is handles, and that they should grab there to 
carry the stretcher. 

The standard SS-EN 62366-1:2015 (Medical 
devices - Part 1: Application of usability eng-
ineering to medical devices, 2016) could be a 
useful tool to secure and develop the usability 
of medical devices. The standard enlightens 
the importance of analysing both available 
and new medical devices to evaluate possible 
risks and the importance of performing a risk 
analysis. This could, e.g., be done with scena-
rios in the form of storyboards.

3.1.3 Semiotics 
Semiotics are crucial to develop a usable pro-
duct in this project, regarding icons, colours, 
and symbols etcetera. Monö (1997) argues 
that “products can communicate through 
their design” (p.12) and states that semiotics 
includes terms which facilitate that commu-
nication. Henceforth, he describes it as “the 
study of signs” (p. 61). Monö (1997) divides 
signs into icons, indexes, and symbols, see ex-
amples in figure 14. Signs can refer to many 
different things e.g., a photo, illustration, lo-
gotype, physical artifact, or a letter (Monö, 
1997). He writes that the common factor is 
that the sign means something special to the 
human; this can vary from person to person, 
or culture to culture. The humans have mea-
nings to almost anything. Monö (1997) argues 
that if something appears to you, you will give 
it a special meaning, e.g., the sound of the si-
rens on the ambulance. That particular mea-
ning, to you, our society, could be considered 
as semiotics (Monö, 1997). This is interpreted 
through perception (Monö, 1997). The author 
describes that the perception gets information 
from all of our senses: visual, tactile, auditory, 
kinaesthetic, gustatory, and olfactory sense, 

see figure 15. The human is the carrier of the 
most powerful tool, the brain, that perceives 
all information that flows through their sen-
ses. Krippendorff & Butter (1984) argues that 
product semiotics also includes psychologi-
cal, social, and cultural context. That defines 
the complexity behind how the human makes 
sense of all impressions, and every human has 
a unique package with experiences that af-
fect their experience. Krippendorff & Butter 
(1984) writes, “Through product semantics, 
designers can demystify complex technolo-
gy” (p.4). Simultaneously, this is a challenging 
task, but as several authors mention, it is all 
about involving users throughout product de-
velopment.

To be able to develop usable medical devi-
ces, the standard SS-EN 1789:2007+A2:2014 
(Medical vehicles and their equipment - Road 
ambulances, 2014) can be used. It gives sug-
gestions on how to design the user interface. 
The authors argue that “indicators and con-
trols shall be easily accessible and visible”, SI-

units, and “standardised graphical symbols 
shall be used where applicable” (p. 43).

Icon: The ambulance is an ambulance, an icon of an ambulance looks like an ambulance. 

Symbol: The Rod of Asclepius comes from the art of healing, and is included in the ”Star 
of Life, the american symbol for emergency care” (Hedmark, 2003, Star of Life)

Index: The sound and light from the sirens indicates ambulance turn-out with priority 1. Symbols
The perception of the symbol 

does not look like and does 
not remind of what it signi�es.

Icons
The perception of the icon 

is similar to what it signi�es.

Index
The perception of the index 

indicates what it signi�es.

”The study of the signs” 
(Monö, 1997, p. 61)

Semiotics

Figure 14. The illustration shows examples of icons, indexes, and symbols. 

Figure 15. The illustration shows all the senses. 
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3.1.4 Sustainable design
According to Johannesson et al. (2013), to-
day’s industrialised society is not sustainable 
in the long-term. Therefore, it is essential to 
take the ecological, economic, and social sus-
tainability into account when it comes to the 
product development of the medical device 
for SMR.  Ecological sustainability is about 
conserving natural resources. It is about the 
choice of material, the usage of fossil fuel in 
the product life cycle, and how the product 
should be recycled/reused after use (Johan-
nesson et al., 2013). This is also a part of the 
constituent Germa’s approach to prevent and 
reduce the environmental impact. Therefore, 
this project needs to include the ecological 
aspect of the development process. Accor-
ding to Wikberg Nilsson et al. (2017), there 
are three principles to consider when doing 
a sustainability analysis: minimising the pro-
duct waste, the product parts, and choosing 
the right materials. Economic sustainability is, 
according to Johannesson et al. (2013), about 
taking advantage and utilising resources, both 
people and material, in a long-term perspec-
tive. According to Jansson (2017), a success-
ful treatment is about an effective and proper 
treatment of the primary injury. This also re-
duces the risk of secondary injuries. Further-
more, the author explains that, in addition to 
personal suffering, these kinds of injuries are 
a high cost for society. Spinal injuries cost the 
society about five per cent of the total charge 
for all the trauma, although it is a fraction of 
all the injuries (Jansson, 2017). Johannesson et 
al. (2013) explains social sustainability as “...
developing a long-term stable and dynamic 
society that meets the basic human needs.” 
(p. 53). In this project, social sustainability is 
about enabling paramedics and patients to feel 
safe with the medical device and making sure 
the medical device works for most people, e.g., 
regarding their anthropometry. It is also about 
minimising personal suffering.  

3.1.5 Ergonomic design 

Ergonomics has a vital role in this project be-
cause it has a user-centred approach. Accor-
ding to Bridger (2017), ergonomics takes the 
approach ‘fitting the job to the man’, and it 
means “that jobs should be made appropriate 
for people rather than the other way around” 
(p. 10). Bridger (2003) writes that ergonomics’ 
primary focus is the interaction between the 
machine and the people who use it. The inte-
raction is often done via an interface, e.g., a 
handle. The author claims that the purpose 
of ergonomics is to improve the interaction 
between the user and the machine.

Furthermore, Bridger (2003) writes that the 
interface design decides how safe and secure 
that the user can interact with the machine. 
That is also why theories about interaction 
design, usability, and semiotics are valuable 
to this project. If the final product has well 
thought through usability goals, it will provi-
de with safe usage. When it comes to applying 
ergonomics in product design, the three most 
important aspects to guarantee when the pro-
ducts are later used, are efficiency, comfort, 
and safety (Brinkerhoff, 2009). 

3.1.5.1 Anatomy of the spine 
Lehto et al. (2007) explain that the spine is 
structured with vertebrates, and the vertebra-
tes are separated with discs (shock absorbers). 
Further, they explain that the spine is divided 
into four categories, including seven cervi-
cal vertebrae (C1-C7), 12 thoracic vertebrae 
(T1-T12), five lumbar vertebrae (L1-L5), and 
a group of sacral vertebrae, see figure 16. The 
letter and the number explains each vertebrae 
location. There are muscles and ligaments 
along the spine, and each vertebra is joined 
with it (Lehto et al., 2007). 

Jansson (2017) explains that injuries in the 
spine can include everything from soft tissue 

Cervical (C1-C7)

Thoracic (T1-T12)

Lumbar (L1-L5)

Sacrum

Coccyx

Figure 16. The illustration shows the spine structure.

injuries to severe spinal cord injury. How the 
accident have occurred can tell the paramedics 
if there is a risk of spinal cord injury (Jansson, 
2017). Furthermore, the author writes that the 
patient has been exposed to high-energy vio-
lence, a motor vehicle accident at high speed, 
or a high altitude fall, it may indicate that there 
is a spinal injury. It can also indicate that the 
patient has a spinal cord injury if the patient 
experiences pain from the vertebrae, has seve-
re facial or skull injury or if the patient indi-
cates a neurological deficit (Jansson, 2017). In 
accidents, the cervical spine (C1-C7) is most 
common to be injured, according to (Svens-
son et al., 2018). One of the most common in-
juries in this region is whiplash (Svensson et 
al., 2018). Whiplash is common in traffic acci-
dents when a car gets hit from behind (Svens-
son et al., 2018). The author explains that the 
cervical spine is exposed to a strong back-
ward movement followed by a strong forward 
movement. Often fractures occur between 
moving and less moving regions, for example, 
the transition between chest and lumbar spine 
(Labb, 2008). 

3.1.5.2 Altered anatomy 
It has emerged from the context immersion 
that paramedics struggle a lot to adapt the 
SMR to patients with varying anatomy. Bech-
terew’s disease, Diffuse Idiopathic Skeletal 
Hyperostosis (DISH), and Kyphosis are di-
seases that the paramedics meet in their job.  
The diseases can affect the spine and affect the 
treatment when performing SMR because the 
paramedics do not have enough proper equip-
ment for those patients. The curvature of the 
spine needs to be examined, and the equipme-
nt needs to be adapted individually to the pa-
tient when performing SMR. The paramedics 
need equipment that can adapt to every uni-
que anatomy.

The diseases are described here with the focus 
of the symptoms in the spine. Bechterew’s is a 
chronic rheumatic disease that can cause after 
a period of illness, a loss of a normal curva-
ture on the spine, due to inflammation (1177 
Vårdguiden, n.d.). DISH is a disease that can 
cause symptoms in the neck, chest, and lum-
bar spine, such as stiffness and pain, due to 
bone formation in the ligaments that attach to 
the spine (MFMER, 2018). Kyphosis is a spi-
nal deformation, also called hunchback that 
causes more curvature in the chest spine than 
average (Viberg, n.d.), see figure 17.

3.1.5.3 Anthropometry
Every day we are using objects and aids that is 
or should be designed after the human dimen-
sions and physical requisite, e.g., chairs, tools 
etcetera (Hägg et al., 2010). Furthermore, the 
authors writes that a weak adoption can affect 
our health, well-being and safety negative. A 
weak adoption in the workplace can harm the 
workers effectiveness and quality. To adapt the 
workplace, anthropometry can be used (Hägg 
et al., 2010). According to Bridger (2017), 
anthropometry means “...measurement of the 
human body” (p. 65). Furthermore, the au-
thor writes that anthropometric data, is used 
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to decide the physical dimensions, e.g., work-
places and equipment, so it fit the target pe-
ople. Regarding anthropometric data, there 
are two target groups, the paramedics, and the 
patients. 

When designing, its common to design for 
the 95 percentile, this means that 95 per cent 
of the average population should be able to fit 
into the work environment or product that are 
developed (Hägg et al., 2010). It will not fit the 
remaining 5 per cent and is, therefore, a limi-
tation. Dul & Weerdmeester (2008) writes that 
the design is less optimum for these 5 per cent. 
The people included in the 5 per cent are often 
in the extremes, short or tall, handicapped, old 
or young etcetera. In this project, the design 
will be for everyone, which means it should be 
adjustable for the 5th and 95th percentiles, ac-
cording to Hägg et al. (2010).

Furthermore, Hägg et al. (2010) explains that 
structural data explains data about dimensi-
ons in common postures, between different 
anatomical features, e.g., standing and sitting 
posture. In the standing posture, the feet are 
together and the arms along the side. In the 
sitting posture, the upper and lower arms, 
femur, and lower legs are at right angles. In 

both positions the head is straight forward. 
Hägg (2010) declare some of these measure-
ments, for a selection of them, see figure 18. 
The measurements come from a selective 
Swedish population. 

3.1.5.4 Ergonomics for the 
prevention of musculoskeletal 
disorders
According to the Swedish Work Environment 
Authority (2015), there is a strong correlation 
between work-related musculoskeletal dis-
orders and the work environment. It is often 
related to heavy lifting, repetitive work, and 
uncomfortable, strenuous, and demanding 
working positions (Hägg et al., 2010). This is 
something paramedics are exposed to every 
day when treating patients. Hägg et al. (2010) 
writes that there is a higher risk of muscu-
loskeletal disorders in physically demanding 
works; the most common are different types 
of back pain. The authors describe that a risk 
factor is lifting heavy loads in twisted or for-
ward-bending positions. According to Lehto 
et al. (2007), it is most common to have back 
problems in the lumbar region, including ver-
tebrae L1 to L5. It is essential to review how 
the medical device works concerning lifting 
and twisting. It is many times inevitable for 

NORMAL KYPHOSIS

Figure 17. The illustration shows the spine, normal and kyphosis. 

NORMAL KYPHOSIS

Figure 18. Shows structutal data of the human body (mm).
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write that high pressure can lead to pressure 
sores in a short time, and that low pressure can 
cause pressure sores in a long time. To redu-
ce the risk of pressure sores, soft and adapta-
ble material is preferred for spreading out the 
pressure points (LÖF, 2019).

Unnecessary movements - To reduce the risk 
of aggravating the patient’s condition, it is im-
portant to not expose the patient for unneces-
sary movements. According to LÖF (2019), 
the SMR shall be following the injured and not 
the equipment. To ensure that the neck also 
does not receive a forward or backward bend, 
something called inline position is used1. This 
means that the nose, umbilicus, and symphy-
sis is in a line, see figure 20. 

Log roll - A log roll can be performed when a 
patient needs to be transferred to a stretcher 
from the ground, or when the back needs to 
be examined2, see figure 21. LÖF (2019) des-
cribes that a log roll can cause extensive mo-
vements of the spine. It is therefore valuable to 
reduce the use of log roll.

1 B. Eriksson, Consultant anaesthetist/ICU physician and National CMD PHTLS & AMLS, 6th of May 2020
2 Paramedic, personal communication, 26th of February 2020

Figure 21. The illustration shows the procedure of a log roll. 

paramedics to lift in an ergonomic way due to 
different environments/terrains, but the solu-
tion should facilitate creativity when it comes 
to lifting, e.g., different choices when it comes 
to carrying the medical device.

3.1.5.5 Ergonomics for the 
prevention of aggravation of the 
patient’s condition
When the patient has been exposed to any spi-
nal injury, it is essential not to aggravate the 
patient’s condition. Therefore, it is valuable to 
know about common injuries and treatments. 
The context immersion generated a lot of 
valuable knowledge about this, e.g., pressure 
sores, unnecessary movements, and the use 
of log roll. The respective risks are described 
below, and suggestions on how to avoid them 
are presented:

Pressure sores - Bååth & Källman (n.d.-a) 

writes that persistent pressure can cause da-
mage to the skin, called pressure sores. Two 
different factors determine whether there is a 
risk of getting pressure sores or not. The first 
factor is the force of the pressure, and the se-
cond factor is the time (Bååth & Källman, 
n.d.-a). Usually, a person moves themselves to 
compensate when it becomes uncomfortable, 
but in the case of SMR, the person should lie 
as still as possible, and it can lead to pressure 
sores. In many cases, the patient is not able to 
move because of the belt restraining systems. 
That may lead to pressure sores which is partly 
affected by time and how sensitive the patient 
is of getting pressure sores. Bååth & Källman 
(n.d.-a) describes that pressure sores can occur 
in several places on the body, see figure 19, for 
common pressure points in a supine position. 
According to Bååth & Källman (n.d.-b), trans-
port to and from hospitals, as well as waiting 
in the emergency department, can increase the 
risk of getting pressure sores. They continue to 

Back of the head

Shoulder joints

Scapulas

Elbows

Hips

Ischial tuberositys

Sacrum

Inside knee

Ankles
Heels

Nose 

Umbilicus

Symphysis

Figure 19. The illustration shows common pressure points in 
a supine position. 

Figure 20. The illustration shows inline position.
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3.2 Regulations for medical 
devices
In early 2017, the EU adopted a new regulation 
for medical devices called Medical Devices 
Regulation (EU) 2017/745 (MDR), MDR re-
places the previous Medical Devices Directive 
93/42/EEC (MDD). During spring 2020, the 
three-year transition period is over. The main 
difference is that it exceeds from directive to 
regulation which makes it relevant to take into 
account in this project. It will result in major 
changes, e.g., stricter requirements regarding 
control of products to be released on the mar-
ket (European Commision, 2018).

3.2.1 Definition and 
classification
According to the Swedish Medical Products 
Agency (n.d.), the medical device is a term 
that includes products that are used in all 
different areas of health care and self-care. 
Furthermore, the author argues that the pro-
ducts shall also be used on humans and have a 

3 B. Holmqvist, personal communication, 12th of February 2020
4 P. Thornström, personal communication, 12th of June 2020

medical purpose. The product’s properties and 
the manufacturer’s purpose also determines 
whether it is a medical device or not. All pro-
ducts have different classifications, and it is the 
manufacturer’s intended purpose that decides 
the classification (Swedish Medical Products 
Agency, n.d.). The products included in this 
project belong to classification I, see figure 22, 
because it is products used outside the human 
body3.

3.3 Product development
The process of developing medical devices 
is many times difficult. There are high de-
mands on iteration, testing and evaluation 
(LVFS 2003:11, 2004). Before implementing 
a medical device, it has to be classified (LVFS 
2003:11, 2004). Then a prototype needs to be 
developed for testing, risk analysis and a clini-
cal validation has to be done (LVFS 2003:11, 
2004). This will be an iterative workflow un-
til users, purchasers and developers consi-
ders that the product is ready for the market4. 

CLASSIFICATION OF RISK
What are the requirements for safety testing to continue the development?

III

IIb

IIa

I

E.g. pacemakers, 
hip-joint implants

E.g. contact lenses, de�brillators

E.g. hearing aids, surgical gloves

E.g. stethoscope, hard and soft stretchers e.g. spine board, 
and vacuum mattress

HIGH
RISK

LOW
RISK

Medical Device Regulation (MDR)

Figure 22. The illustration shows hierarchy of the classification of risk.

Here, the product development are described 
after communication with AB Germa5. The 
implementation process starts after the idea-
tion, and here, it starts with developing a hi-
fi prototype for evaluation. The first step is to 
choose the materials. This is done by looking 
at well-known materials in available products. 
A factor of decision in material selection is that 
the material should be well-known. All mate-
rials needs to fulfil different criterias, e.g., both 
high and low temperatures, flame resistant, 
hygienic, and enable disinfection. It should 
also be x-ray, MRI, and CT transparent. The 
development is done in conjunction with the 
standard SS-EN 1865-1:2010+A1:2015 (Pa-
tient handling equipment used in road ambu-
lances - Part 1: General stretcher systems and 
patient handling equipment, 2015) and the 
standard SS-EN 1789:2007+A2:2014 (Medical 
vehicles and their equipment - Road ambulan-
ces Standard, 2014). After that, a construction 
basis is developed, and the manufacturing of 
the prototype starts. It is done by an iterative 
work with testing of lo-fi prototypes of the si-
zes of the inner pockets with granules, see fi-
gure 24. Attachments and straps are developed 
and tested. Here, the quality and abrasion resi-
stance are controlled with pull-tests. 

After completion of the first prototype, it is 
re-evaluated to make improvements in the de-
sign. Then the prototype is ready for produc-
tion. This is done together with a production 
plan, that includes an operation list and part 
standardisation. The last step is to order labels 
to ensure that the requirements of MDR are 
fulfilled. Finally, the prototype is ready to get 
its own part number and to become a produc-
tion part.

3.3.1 Manufacturing of product
When the product is ready for production, 
one first order is made. The production line is 
then as follows in figure 23:
5 P. Thornström, personal communication, 12th of June 2020

Quality controls are made regularly throug-
hout the production to eliminate errors in the 
product. When the product is manufactured, 
it is important to keep some parts separated, 
e.g. the straps are sewed separately on a small 
plastic sheet because otherwise there is a risk 
of holes in the product which may lead to lea-
kage. Then the part is attached by welding it to 
the main body of the product.

Materials and components are collected 
and distributed to all manufacturing de-
partments.

The production is ready to start.

Cutting materials to belonging parts.

Labelling details and parts with order num-
bers.

Product and parts are distributed to each 
manufacturing department (sewing, cut-
ting, and welding).

Sewing attachments and straps. This part 
of the production may be a subassembly 
that is manufactured separately, and is 
written in the part-list.

The product is filled with bags with granu-
les, and then the product is sealed by wel-
ding. The order of priority could vary de-
pending on the product’s shape, size, and 
amount of granules.

Final quality control. The product is supp-
ressed with 400 hPa. It needs to hold the 
pressure for 15 hours to be approved.

Cutting residual material, e.g., around the 
welding profile.

Packaging product and documents where 
information about quality controls are in-
cluded.

Figure 23. Manufacturing process.
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Figure 24. The photos shows the vacuum technology, materials and some of the manufacturing process. 
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4. Method
This chapter includes a description of the pro-
ject plan and the process. The process includes 
three different phases: inspiration, ideation, 
and implementation. The methods used in 
each phase are explained in the chapter, and it 
is followed by a discussion about insights and 
learnings from the them.

4.1 Project planning
The app Monday: Task Management (n.d.) and 
Google Drive was used to plan and structure 
the work within this project. Monday was used 
to provide an overview of the project, see figu-
re 25, and Google Drive was used to structure 
information collected during the project. The 
online platform Mural (n,d.) was used for vi-
sual collaboration, and zoom (n.d.) was used 
for video communication. 

4.2 Process
Since no one of the project members had any 
experience of the healthcare profession and 
especially not within prehospital emergency 

care, it felt natural to choose a user-centred 
design process to get smart on the challenge. 
IDEO (2015), describes that the HCD pro-
cess is about believing that the solution to 
the problems lies with the user’s needs. The 
focus has therefore been to meet as many pa-
ramedics as possible and to listen carefully to 
what they say. Collected information was ana-
lysed iteratively to find patterns and to under-
line essential thoughts and needs. Preece et al. 
(2015) agree that the users are the carrier of 
the solutions of their everyday problems and 
suggest three principles: early focus on users, 
empirical study, and iterative design. Preece et 
al. (2015) approach to achieving a user-cen-
tred process goes hand in hand with the cho-
sen process for this project by IDEO (2015) 
which has three phases, namely inspiration, 
ideation, and implementation. See figure 26, 
for a description of each phase from IDEO:s 
perspective and what each stage has included 
in this project. IDEO (2015) explains that “By 
taking these three phases in turn, you’ll deep 
empathy with the communities and individu-
als you’re designing for…”(p.11). The desig-
ners’ role during the project has been to make 
sense of the users’ voices by iteratively analy-
sing both methods and results. Every method 

Figure 25. Shows the task management in Monday.

Figure 26. The illustration shows the IDEO human-centred design process. 

Evaluation
with users

Project
plan
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Final
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After the inspiration phase, 
the expectation is to have a broader 
understanding of the context regarding 
the user needs, problems, and 
expectations. Expectations comes from 
several stakeholders, who will also be 
mapped in the inspiration phase to get 
an overview of the network around the 
product. Finally, IDEO (2015) writes that 
the inspiration phase helps you to 
“get smart on your challenge.” (p. 11). 

INSPIRATION

Literature review
Context immersion
Interviews
Observations
Benchmarking

IDEO (2015) describes the ideation 
phase like the phase where you try 
to make sense of the collected data. 
Where you try to identify solutions 
and generate a lot of possible ideas. 
You share and involve the people 
you are designing for (IDEO, 2015). 
Furthermore, they explain that 
during the phase you diverge and 
converge until you are pleased with
the solution/solutions.  

IDEATION

Personas
User journey
Scenario
Product requirement list
Workshop
Cluster
Brainwriting
Braindrawing
2-5-5
Morphological chart
Survey - concept evaluation
Criteria weighting
Concept weighting matrix

The last phase, implementation, is according 
to IDEO (2015) the phase where it is time to
“bring your solution to life” (p.11). The focus is 
to make minor changes and improvements, 
re�ning the solution and getting it ready for
evaluation with the paramedics.

IMPLEMENTATION

Lo-� prototyping
Evaluation with users
CAD - 2D drawing
Hi-� prototyping
CAID - 3D visualisation
Product usability evaluation
Recommendations
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used within the project, has been analysed and 
changed if needed. 

The process has also had a co-design app-
roach to ensure user involvement. The co-de-
sign approach works well together with the 
human-centred design process and ensured 
continuous user-involvement throughout the 
project. 

4.3 Inspiration
In this phase, a literature review and a context 
immersion were conducted. The methods are 
described down below, both the method itself 
and the implementation of the method in the 
project. The methods used in the context im-
mersion were interviews, observations, and 
benchmarking.

4.3.1 Literature review 
A literature review was used to collect and ana-
lyse essential theories relevant for the project. 
In general, some techniques such as choosing 
keywords based on subject, truncating, boo-
lean operators, phrase, and chain search were 
used to cover a broader range of sources. For 
this literature review, five steps, according to 
Milton & Rodgers (2013) were followed to col-
lect, evaluate, analyse and to concretise essen-
tial data. The format was as follows:

Problem formulation
The first thing was to formulate what theories 
to dig into and formulate relevant research 
questions and keywords.

Data collection
To collect relevant data for the project, seve-
ral databases were used: Scopus, LTU Library, 
and Google Scholar. Sources that have been 
collected are: articles, books, reports, confe-
rence papers, standards, guidelines, doctoral 
thesis and journals besides databases literatu-

re used in previous courses held at LTU where 
used. The reference lists of the literature found 
were examined to broaden the search scope. 

Data evaluation
The importance of performing a literature re-
view, in general, is to present the most impor-
tant works about the chosen topic. In order to 
choose which works are most relevant, some 
criteria have been made to thin out the sour-
ces. The sources were sorted into different ca-
tegories around design and prehospital emer-
gency care. Important factors that were kept in 
mind regarding the sources were objectivity, 
origin, and quality of the information.

Analysis and interpretation
After the sources was evaluated, it was time 
to analyse them and to thin out again with 
new criteria. The focus was to find recurring 
words, phrases and questions by reading titles 
and abstracts. Then the sources talking about 
similar things were compared: What are com-
mon aspects and what sets them apart? 

Literature review presentation
The literature was presented in the theore-
tical framework where several sources were 
compared to each other. The theoretical fra-
mework presents an overview of each subject, 
its main issues today and its relevance to this 
specific project.

4.3.2 Context immersion
Since this project has had a user-centred de-
sign process, it was crucial to gather as many 
voices as possible. Therefore, one of the first 
tasks was to book visits and to head out to the 
users to perform interviews and observations 
as fast as possible. The first weeks were fully 
booked and generated much valuable infor-
mation. The information has been collected 
from Gothenburg in the south of Sweden to 
Sorsele in northern Sweden. The importan-

ce of early involvement of users is something 
Preece et al. (2015) underlines, it has therefore 
been a focus for the contextual immersion.

Furthermore, Preece et al. (2015) states that 
this is the key to successful product develop-
ment. IDEO (2015) fills in that the best way to 
understand the complexities and the context 
is to empathise with the users. Therefore, the 
methods presented in the context immersion 
includes the users in one way or another. The 
methods used are semi-structured interviews, 
user narrations, scenarios, and a benchmar-
king. The purpose of performing a context 
immersion is to empathise with the users’ pro-
blems, needs and expectations. 

4.3.2.1 Interviews
The interviews within this project were se-
mi-structured, which means a combination of 
predetermined and open questions. An inter-
view is a method that can be used to provide 
insights, and to enlarge understanding about 
a specific context, a problem or customer pre-
ferences, etcetera (van Boeijen et al., 2013). 
The interview questions were therefore about 
product use, opinions about available medical 
devices, see appendix A, and the goal was to 
gain an understanding of potential issues, e.g., 
questions about how available medical devi-
ces relates to the national guidelines for SMR. 
Sweden’s 21 regions were contacted by phone 
and email to provide information about what 
medical devices that are used in Sweden to-
day. According to van Boeijen et al. (2013), 
10-15 interviews reveal about 80 per cent of 
the customer needs, the goal was, therefore, 
to reach that amount of interviews. A total of 
17 interviews were held, in Sorsele, Stockholm 
(Solna, Haninge, and Täby), and Kungälv with 
paramedics and one with AB Germa in Kristi-
anstad, see figure 27.

Regions
To collect both quantitative and qualitative re-

Figure 27. The illustration shows the visited places. 
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sults about what medical devices that are used 
today to perform SMR in Sweden, both pre-
determined and open questions were asked to 
the regions. The result was then compiled into 
a table. 

Paramedics
During the inspiration phase, the approach 
was to visit as many healthcare providers as 
possible, and those were the following: ambu-
lance management Kungälv’s hospital, AISAB, 
Falck, Premedic, and Samariten. 

The first visit was in Sorsele (Premedic), where 
one pilot-interview was held to find possible 
pitfalls in the questions. The questions were 
then developed, clarified, and some questions 
were excluded to the second visit in Haninge 
(Falck). During the whole phase, the questions 
have been redefined, as the understanding of 
prehospital emergency care has increased. 

An experiment of performing the interviews 

two and two were conducted at Haninge 
(Falck). A noted advantage of interviewing 
them two and two where that they had the op-
portunity to fill in, and bounce ideas with each 
other, which was considered to add value to 
the result. This was therefore used during all 
interviews, see figure 28. 

The questionnaire for the interview included 
both general and specific questions see appen-
dix A. The more general questions were asked 
first and then more specific ones. It was of in-
terest to see if it was possible to confirm the 
more specific questions to the more general 
ones.

The environment of the interviews varied 
from lunchrooms, conference rooms, garages 
and ambulances to better empathise with the 
users. If the interviews are held in a so-called 
‘neutral environment’ the interviewees might 
have a hard time answering the questions be-
cause there is a lack of ‘reality’. The users could 

Figure 28. Picture that shows an interview conducted with two paramedics in Solna. 

pick up equipment while talking. It facilitated 
the documentation and understanding.

Before the interview, all participants got a 
form to read and fill in, see appendix B. In the 
form, they were informed that their participa-
tion was voluntary and that they could cancel 
their participation at any time without giving 
any reason. They also got a chance to inform 
if they wanted to be anonymous or if they 
were okay to be included in photos, video, and 
audio recordings. At last, all interviews were 
transcribed and analysed to find patterns.

4.3.2.2 Observation
The goal was to spend as much time as pos-
sible with the users. It was considered valuable 
to involve users from different angles. Not just 
asking them questions during interviews. It 
is not sure that the questions cover all of the 
users’ thoughts. According to Osvalder et al. 
(2010), observation is a method used to gather 
information about how people behave in diffe-
rent situations.

Furthermore, Osvalder et al. (2010) argues 
that it can provide knowledge about how 
tasks are performed, how equipment is hand-
led, and how problems occur. Something that 
the user does not even know about may arise 
from it. Therefore observation was chosen as 
a method to add valuable information to the 
context immersion. The users were told to 
think aloud about anything that came to their 
mind during user narrations, e.g., problems, 
frustrations, what and why they did certain 
things, and what they liked. It was showed, 
that this was a suitable method because the 
paramedics are used to talk about what they 
are doing. They are always informing the pa-
tient what will happen, why it will happen, and 
what they do at the moment.

Observations can be performed in a real en-
vironment or an arranged environment (Os-

valder et al., 2010). Observations were con-
ducted to supplement the interviews with 
information on how the products are used in 
practice with two user narrations and three 
scenarios. They have been conducted in the 
project at Solna (AISAB), and Täby (Samari-
ten). Four of them in Solna, and one in Täby. 
All observations were in an arranged environ-
ment, and documented with photo and video. 
Video is preferably used when documenting 
observations (van Boeijen et al., 2013). Photos 
were edited, and the video material was ana-
lysed to find patterns with the interviews in 
mind. 

User narrations 
To get an understanding of the users’ beha-
viour and how different problems arise, user 
narration was used. Milton & Rodgers (2013) 
describes it as the user thinks aloud, verbali-
se their thoughts about their experience and 
desires while they, e.g., operate a product in a 
specific context. User narration can also pro-
vide users with emotional responses to a pro-
duct (Milton & Rodgers, 2013). The first user 
narration was performed in Solna at their pre-
hospital knowledge- and clinical training cen-
tre. It was planned to involve SMR on a patient 
(one of us in the design team) with the help 
of ScoopEXL, head immobiliser 365-E, X-spi-
der, and EasyFix PLUS vacuum mattress. The 
patient was first SMR on the ScoopEXL, with 
the head immobiliser and X-spider, see figure 
29. Then the patient was moved to the vacu-
um mattress where the head immobiliser and 
scoop stretcher (with the spider) was removed, 
see figure 30. After that, the patient was fixa-
ted in the vacuum mattress, see figure 31. The 
second user narration was performed in Täby, 
with the CombiCarrierII and a rectangular va-
cuum mattress, see figure 32. Here, each step 
was shown separately to get an understanding 
of other user scenarios where the patient does 
not have to be moved between the two devices.
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Figure 29. Picture that shows SMR on ScoopEXL.

Figure 30. Picture that shows abstraction of ScoopEXL.

Figure 32. Picture that shows fixation in a rectangular vacuum mattress.

Figure 31. Picture that shows fixation in Easyfix PLUS.

Scenarios
At Solna, three user observations were made 
in the form of scenarios where equipment 
for SMR was used. No questions were asked 
during the whole session, and they were not 
told to do anything special according to this 
study. The scenarios were one part of a course 
in SMR for paramedic-students, see figure 36. 

Scenario 1 (Figure 33) - The first scenario 
was about a collision between a bicyclist (one 
of us) and a car. This resulted in SMR using 
ScoopEXL, and EasyFix PLUS vacuum matt-
ress. 

Scenario 2 (Figure 34) - The second scenario 
was an accident where a woman was stabbed 
with a knife by her boyfriend. The woman got 
unconscious, and the scenario resulted in log 
roll and a lift to the ambulance stretcher with 
a blanket. 

Scenario 3 (Figure 35) - The third scenario 
was about a car collision; the two patients 
(both of us), was extracted from the vehicles 
with the help of KED vests. 

Figure 33. Picture that shows scenario 1.

Figure 34. Picture that shows scenario 2.

Figure 35. Picture that shows scenario 3.

Figure 36. Picture that shows the lecture in SMR.
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These types of user observations allowed us, 
as observers, to be ‘a fly on the wall’, which is 
described as a way to observe people in their 
natural environment without intervening (van 
Boeijen et al., 2013). It was interesting to listen 
to frustrations and thoughts from the soon-to-
be paramedics and to see them perform SMR 
from the perspective of a patient. 

4.3.2.3 Benchmarking
Benchmarking, or competitor product analy-
sis, is a method that can be used to compare 
products with its competitors within a parti-
cular market sector (Milton & Rodgers, 2013). 
The products were examined and evaluated 
based on a few criteria: dimensions, weight, 
loading capacity, materials, x-ray resistance, 
buoyancy and price. According to Milton & 
Rodgers (2013), the goal should be to find the 
strengths and the weaknesses of competing or 
similar products. The benchmark was condu-
cted within this project to increase the under-
standing of the different medical devices used 
within prehospital emergency care when trea-
ting trauma patients. At first, the products own 
by the constituent of the project was analysed. 
AB Germa is at the leading edge when it co-
mes to vacuum technology and has developed 
vacuum mattresses since the 1970s1. The con-
stituent’s products were analysed at the com-
pany in Kristianstad and different ambulance 
stations in Sweden. After the constituent’s pro-
ducts had been analysed, the benchmarking 
continued with a search with keywords, e.g., 
extraction devices instead of just KED to keep 
a broad perspective of concurrents and other 
solutions. Most of the medical devices found 
in the benchmarking have been noted during 
visits and also confirmed usage in other 
Swedish regions from email answers. During 
the benchmark, a decision was made to inclu-
de belt restraining systems, and head immobi-
lisers because of its importance in SMR.

1 B. Holmqvist, personal communication, 12th of February 2020

4.4 Ideation
In this phase, all information gathered from 
the inspiration phase was analysed and com-
piled into a product requirement list which 
is divided in a user need specification and a 
user requirement specification. The methods 
are described down below, both the method 
itself and the implementation of the method 
in the project. The methods used in this phase 
were personas, user journeys, scenarios, pro-
duct requirement list, workshop, brainwri-
ting, braindrawing, 2-5-5, dot-voting, clus-
ter, morphological chart, survey and concept 
weighting.

4.4.1 Personas
Personas have been used throughout the who-
le project to ensure that the ideation and con-
cept development has followed a user-centred 
approach. Personas is a valuable decision basis 
for user-centred projects, according to Preece 
et al. (2015). Furthermore, the author argues 
that the real users are the carrier of the solu-
tions that leads to successful product develop-
ment. Preece et al. (2015) also argues for early 
involvement of users, and Milton & Rodgers 
(2013) fill in that personas are created by stu-
dying the target group and that personas are 
preferably created from real-life observations. 
The information collected from the interviews 
and observations was, therefore analysed to 
search for patterns and recurring events, e.g., 
the users thoughts, behaviours, problems, and 
needs. This resulted in two personas. 

Milton & Rodgers (2013) argues that per-
sonas are usually designed with a fictitious 
name, age, occupation, hobbies and family 
relations. Osvalder et al. (2010) adds that the 
users’ knowledge, abilities, and limitations to 
the product could be included. The personas 
were therefore designed with name, age, occu-
pation, education, family, hobbies, work expe-

rience, background, personality, motivations, 
frustrations, pain points and goals. The value 
of creating personas with real and believable 
information such as a name and hobbies, is 
that it helps the designer to fully empathise 
with the real users during the process (Preece 
et al., 2015). The advantage with creating a 
few personas instead of thinking of the whole 
group of users is to make it possible to inclu-
de the whole group of users in just one or two 
personas (Milton & Rodgers, 2013). 

4.4.2 User journey
To be able to analyse and describe what the 
user does and feels, it was considered valua-
ble to develop a customer journey. Since this 
project involves users, not customers, it was 
chosen to denote the ‘customer journey’ as 
‘user journey’. The method is the same, but the 
change of denotation is to emphasise on the 
project’s objective, which is to have a user-cen-
tred approach.

According to van Boeijen et al., (2014) a 
customer journey map is a useful tool for ana-
lysing collected information from users and 
to understanding their ‘touch-points’ as Wik-
berg-Nilsson et al. (2015) denotes it. Further-
more, Wikberg-Nilsson et al. (2015) recom-
mends that information should be collected 
through own product use, product observa-
tions, or by interviews with the users. The user 
journey was created from interviews and ob-
servations performed during the context im-
mersion. Wikberg-Nilsson et al. (2015) write 
several questions that should be answered 
when creating the customer journey; What 
does the person do? What works? What does 
not work? What experience does the user have 
in every interaction? (p. 99). A customer jour-
ney together with personas and a scenario was 
created to describe today’s situation and the 
usage of available medical devices for SMR.

4.4.3 Scenario
To empathise with the users, a scenario about 
the current situation was created. It was crea-
ted with personas and a storyboard based on 
an analysis of information gathered from the 
context immersion. It was used to highlight 
essential learnings from the users’ stories of 
real situations. Milton & Rodgers (2013) argue 
that scenarios are an excellent way to empa-
thise with the current situation or to explain 
how the product is intended to be used in a 
specific context (Milton & Rodgers, 2013). A 
scenario could be created in different media, 
such as photos, storyboards, videos, concepts, 
and texts (Milton & Rodgers, 2013).

4.4.4 Product requirement list
The requirement list was created to get an 
overview of what desires the users have and 
what the focus should be for the ideation. A 
decision was made to divide the product re-
quirement list into two parts; one user need 
specification and one user requirement speci-
fication. The reason for dividing the require-
ment list was to ensure that each requirement 
derived from the users. The most important 
part of the requirement list is, therefore, the 
user need specification, which is the carrier 
of the users’ desires. Finally, the user require-
ment list was verified with the final concept.

4.4.5 Methods for concept 
development 
Most of the project was performed online, 
and several methods had to be developed 
and adapted due to that. Communication 
was held through Zoom (n.d.) and phone at 
the same time as the work was performed in 
Adobe Illustrator - Vector Graphics Program 
(n.d.). Templates and figures such as post-its 
and dots were created to streamline the idea-
tion sessions, see figure 37. The files were also 
equipped with layers with different names, 
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e.g., “Erika’s dot-voting” and “Erika’s final vo-
ting” to be able to hide layers (the eye), and to 
lock layers (the lock) before sending them to 
the other person, see figure 37. This is because 
the methods require the participants not to be 
affected to early by the other one’s thoughts. 
When the time had come to the final voting, 
e.g., the layer “Erika’s dot-voting”, and “Ylva’s 
dot-voting” were revealed.

The process for the ideation and concept de-
velopment can be seen in figure 38. It started 
with a workshop in Sorsele, based on thoughts 
from the workshop, a braindrawing and 
brainwriting 2-5-5 were done. After that, a 
cluster was used to structure suggested impro-
vements that appeared during the interviews. 
From this, a braindrawing and brainwriting 
session was held, the ideas were then thinned 
out with dot-voting. All winning ideas were 
then included in the morphological chart, 
which resulted in five concepts.

Braindrawing/Brainwriting

Braindrawing/Brainwriting
2-5-5

Cluster

Workshop 

Morphological chart

Survey Concept weighting

Concept development 

Evaluation with users1 Final concept

Concept development

Individual task

Group task

Team re�ned concepts.

5 concepts.

Evaluation of concepts 
with paramedics.

All ideas was collected in 
a morphological chart.

Together with 3 
paramedics.

Clustered improvements 
from interviews.

Dot
Voting

Dot
Voting

Voting with
triangles

[Comments,
questions and

thoughts.]

Voting with
dots and

commenting
with post-its
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Figure 37. The illustration shows the used functions in 
Adobe Illustrator.  

Figure 38. The illustration shows the ideation process. 

a brainwriting and braindrawing (2-5-5) based 
on the requirement list around the questions: 

Wikberg-Nilsson et al. (2015) describes 
brainwriting and braindrawing as methods 
where participants build ideas on each other’s 
ideas regarding different questions for five mi-
nutes. Braindrawing allows the participants to 
sketch, and brainwriting allows them to wri-
te about their thoughts and ideas. The design 
team (2-5-5), two participants, started with 
one document each, see template in appendix 
C. Each participant sketched one idea under 
each question (2-5-5), during five minutes 

• How can SMR be more time-efficient? 

• How can a medical device for SMR be 
portable?

• How can a medical device for SMR be 
space efficient in confined spaces? e.g. car/
stairwells

• How can a medical device for SMR 
be suitable for patients with different 
anatomy?

• How can a medical device for SMR 
stabilise the neck, chest, and lumbar spine?

4.4.5.1 Workshop
At the beginning of the ideation phase, a 
workshop was executed in Sorsele, with three 
paramedics, see figure 39. The workshop star-
ted with the participants answering the ques-
tion: How can a person be moved from point 
A to B? They wrote down every possible way 
they could imagine under one minute. It was 
like a warm-up for the remaining workshop. 
Wikberg-Nilsson et al. (2015) writes that the 
purpose of a workshop is to investigate pos-
sible solutions on a given theme, problems to-
day, or future solutions together with the cho-
sen target group. The rest of the workshop was 
based on four questions with these aspects in 
mind, see down below. 

Figure 39. A photo from the visit at Premedic in Sorsele.

• Alternative ways to perform SMR? 
(what if)

• Combinations of available medical 
devices for SMR? 

• How could medical devices for 
SMR be stored? 

• Improvements on available medical 
devices for SMR? 

Each participant received a small pile of post-
its in four different colours, every colour re-
presented one question. Then, the participants 
got to generate ideas on the questions. They 
were allowed to both write and sketch their 
ideas and thoughts. After each question, they 
had to tell the rest of the group what they had 
come up with and describe their thoughts. The 
ideas were taken into consideration during the 
rest of the ideation. 

4.4.5.2 Ideation based on 
requirement list
The first ideation session within the team was 
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(2-5-5). The participants then exchanged do-
cuments with each other and continued on the 
other’s ideas for five minutes. This was repea-
ted until each participant had each document 
two times. During a total time of twenty mi-
nutes, forty ideas were generated. 

The design team then performed a dot-voting 
to decrease the number of ideas (Ericson & 
Törlind, n.d). The participants started with one 
document each and placed green dots on the 
ideas that were considered most exciting and 
wrote thoughts/questions on yellow post-its. 
Each participant did this on both documents. 
The layer with dots and post-its was hidden 
not to affect the other participants thoughts. 
When this was done, the participants got to 
see the other person’s thoughts/questions and 
green dots. Each person in the design team 
then placed four orange triangles each on the 
ideas that were found most interesting to de-
velop further. The orange triangles were set 
independently by each participant within the 
design team.

4.4.5.3 Cluster
All ideas collected from interviews were clus-
tered in Mural (n.d.). The ideas included im-
provements/dreams/thoughts with available 
and future medical devices for SMR. Eric-
son & Törlind (n.d) explains that cluster is a 
method used to find patterns and relations 
within the gathered information. The authors 
also express its importance for creativity. All 
ideas were documented and then clustered 
in groups. The groups were then named with 
the topics, weighs less, head support, small & 
flexible, hygiene, lift, comfort, adaptable to va-
rious anatomy, usability, combination (vacu-
um-KED), and combination (Scoop-vacuum).

4.4.5.4 Ideation based on cluster
The second ideation session within the team 
was a brainwriting and braindrawing based on 
the cluster. The difference from the previous 

session was the method approach. This time 
the ideas were not built on each other, and it 
was allowed to take inspiration from the ide-
as collected in the cluster. The design team 
took two topics from the cluster at a time and 
started with one topic each for 5 minutes on 
a blank sheet. The participants then exchang-
ed documents with each other and continued 
for five minutes. This was repeated until each 
participant had each topic three times. After 
that, the design team performed a dot-voting. 
One in the design team started with all the do-
cuments and placed green dots on the ideas 
that were considered most exciting and wrote 
thoughts/questions on a yellow post-it. When 
this was done, the participants got to see the 
other person’s thoughts/questions and green 
dots. Each person in the design team then 
placed two orange triangles on the two ideas 
that were found most interesting to develop 
further.

4.4.5.5 Morhological chart
A template of a morphological chart was cre-
ated to collect the ideas from the workshop, 
and the brainwriting/braindrawing sessions to 
form principal solutions, see appendix D. Van 
Boeijen et al. (2013) describes a morphologi-
cal chart as a method that systematically and 
analytically create these principal solutions. 
First of all, the primary function of the medi-
cal device was formulated: Enable paramedics 
to provide trauma patients with safe transport 
to hospital, without aggravating possible in-
juries. Then, sub-functions was formulated, 
and the ideas from the ideation sessions was 
placed between appropriate sub-function, see 
figure 40. The ideas included was from the 
dot-voting and the workshop. Principal solu-
tions were combined with the help of one idea 
from each sub-function with the requirement 
list in mind, see figure 40. Some sub-functions 
had few ideas, and therefore a separate idea-
tion session in the morphological chart was 
performed to gather more possibilities for 
principal solutions.

4.4.5.6 Survey - concept evaluation 
The decision was made to create a survey in 
which the five early concepts were presented. 
It was sent to all participants in the study who 
shared their contact details. They were also as-
ked to spread the survey to their colleagues.

The survey was introduced with some general 
questions about their education and experien-
ce. Then they got the chance to grade each of 
the criteria in the requirement list. This was 
done to collect data about how to weight the 
criteria against each other in the future con-
cept selection, and to understand what was 
considered most important, or if everything 
was equally important? Henceforth, the survey 
had criterias intertwined with open questions 
for each concept; the structure and questions 
were the same for each concept, see appendix 
E. 

The number of years of experience was divi-
ded into no experience, less than one year of 
experience, 1-5 years of experience, 6-15 years 
of experience, and more than 15 years of expe-
rience. With support from Preece et al. (2015), 
it was considered enough to divide the ques-
tion into these intervals. The importance was 
to find out if the respondents had a long, aver-
age, or short experience of prehospital emer-
gency care.

Two different Likert scales were used as a 
rating scale in the survey to evaluate the cri-
teria from the requirement list and the early 
concepts. The first Likert scale were designed 
with a range of numbers from 1-5 (where 1 
represented ‘not so important’ and 5 ‘very im-
portant’), see appendix E. Preece et al. (2015) 
write that there is no right or wrong on how 
to arrange the numbers. The argument behind 
the arrangement used in this survey is based 

Sub function 
1

Sub function 
2

Sub function 
3

Sub function 
4

Sub function 
5

Sub function 
6

Sub function 
7

Sub function 
8

Principal solution X

Figure 40. The illustration shows sub-functions and the way to a principal solution. 
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on the motivation that five points are worth 
more than one point. High numbers do also 
intend to represent the best choice for most 
people. The other Likert scale was used to me-
asure the respondents’ opinions on whether 
the concept fulfilled each criteria or not. It was 
designed with with four statements: fulfilled, 
partly fulfilled, partly not fulfilled, and not ful-
filled, see appendix E.

Before the survey was handed out, a pilot-test 
was conducted with one paramedic. The pa-
ramedic got a chance to inform about his/her 
experience of the survey, e.g., Was something 
challenging to answer? Was something hard to 
understand? This gave insights about what to 
change and exclude.

4.4.5.7 Two by two criteria 
weighting
To understand how vital each criteria from 
the product requirement list was to the para-
medics, a two by two criteria weighting was 
done, see appendix F (Johannesson et al., 
2013). The process was implemented as fol-
lows (Johannesson et al., 2013):

1. A template of the matrix was created.

2. Each criteria was assigned with a letter in 
the order of the alphabet. In this project, 
the names of the criteria were included for 
less confusion.

3. Each criteria were then compared syste-
matically with each other, e.g., A-B, A-C, 
A-D. An assessment was made of which of 
the two criteria that were most important, 
regarding the question in the survey whe-
re each criteria was ranked, see appendix 
E. The criteria in the steps was compared 
with the ones in the horizontal. The com-
pensation was made with 0-2 points.

2 = The criteria in the step is more critical than the 
criterion it is compared to

1 = The criteria are equally important

0 = The criteria in the step is less important than the 
criteria it is compared to

4. Summarise the points of each criteria ver-
tically and put into the square with a mi-
nus.

5. Summarise the points of each criteria ho-
rizontally. Include correction factor (a se-
quence of the odd numbers: 1, 3, 5, ...) and 
the numbers in the square with a minus 
sign. 

6. Make sure that Σpi = n2 (n = the number 
of criterias)

7. Calculate all weight factors ki = pi/Σpi

8. Make sure that Σki = 1,0

4.4.5.7 Concept weighting matrix
A concept weighting matrix was used to as-
sess whether the development would continue 
with one concept or a combination of several 
concepts, see appendix G (Johannesson et al., 
2013). To ensure the involvement of the users’ 
opinions, the survey included questions about 
the concepts advantages and disadvantages, 
and it also included all criteria with an associ-
ated Likert scale where they choose if the con-
cept fulfilled the criteria or not. This provided 
a reasonable basis for the concept weighting 
matrix. Each statement in the survey was tran-
slated to a grade from (1-4). Each grade refers 
to the following statements: fulfilled (4), part-
ly fulfilled (3), partly not fulfilled (2), and not 
fulfilled (1).

The matrix consists of all criteria with a given 
letter, same as in the two by two criteria weigh-
ting (Johannesson et al., 2013). Then, follow 
this step by step method to perform concept 
weighting:

1. Create one “concept column” for each con-
cept. Include one ideal concept to compare 
with.

2. Insert the weight factor ki from the two by 
two criteria weighting. 

3. Calculate the grade by calculating the 
mean value of all grade responses. 

4. Calculate the weighted grade Wi = ki· Gra-
de

5. Calculate the sum of all weighted grades 
for each concept ΣWi

4.5 Implementation 
In this phase, methods used within implemen-
tation are described. Lo-fi prototyping has 
been used to test ideas, and to evaluate with 
users. The programmes Simens NX, Adobe 

Illustrator, Blender, and KeyShot, have been 
used to visualise the final concept, and prepare 
for the hi-fi prototype. Lastly, a product usabi-
lity evaluation was performed to describe the 
usage and possible risks with the final concept. 

4.5.1 Lo-fi prototyping
The ideas that came up in the result of the sur-
vey with paramedics was tested with the help 
of sketches, clay, paper, cardboard, cable ties, 
aluminium cans, sponge, dishcloth etcetera, 
see figure 41, to gain a greater understanding 
of forms and functions. Preece et al. (2015) 
underline this by describing that a prototype 
with low fidelity partly has the purpose of re-
presenting functions. The focus with lo-fi pro-
totyping is therefore not to be able to conduct 
extensive functional tests with the prototypes, 
but rather a way of quickly assessing the value 
of various ideas and solutions (Preece et al., 
2015). The advantages of using lo-fi prototy-
pes are the rapid progress that it brings to the 

Figure 41. The picture shows a lo-fi prototyping session. 
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project, and that the prototypes are developed 
with cheap materials and tools (Preece et al., 
2015). After the development of a wide range 
of lo-fi prototypes, a final solution was produ-
ced through discussions and iterative testing. 
A discussion was held about how the collec-
ted information had been interpreted, and the 
lo-fi prototypes were compared to each other. 
This resulted in a final lo-fi prototype. Lo-fi 
prototypes were used continuously throug-
hout the phase to test the design, dimensions, 
and angles. 

4.5.1.1 Evaluation of lo-fi 
prototype with users
To ensure that the lo-fi prototype corresponds 
to the expectations and thoughts from the sur-
vey, a decision was made to evaluate the lo-fi 
prototype with users. First, it was explained 
how the concept was supposed to work, and 
then the users got the chance to explain ad-
vantages/improvements, and disadvantages/

limitations. Beyond this, a discussion was held 
about how the concept could work in their da-
ily work, and if they had something else, they 
would like to share. To cover up any possible 
misunderstandings from the earlier phases, 
both our and the paramedics, we chose to have 
a final evaluation with a few individuals from 
the target group over Zoom (n.d.). The first 
evaluation was held over Zoom (n.d.), and the 
second evaluation was held at Solna clinical 
training centre, see figure 42. The gathered 
suggestions for improvement formed the basis 
for the recommendations of further develop-
ment. Anthropometry and dimensions was 
also changed. Most of the involved people in 
the final evaluation were well versed in the 
project’s purpose and aims.

4.5.3 Hi-fi prototyping 
A construction basis was developed to prepare 
fo the development of a physical hi-fi prototy-
pe, similar to the real product. It was handed 

Figure 42. The picture shows a lo-fi evaluation at Solna clinical training centre.

over to AB Germa for further development. 
With the purpose to test, feel and evaluate 
functions and design. According to Preece et 
al. (2015), hi-fidelity prototypes are developed 
to resemble the final product as much as pos-
sible. Henceforth, the authors argue that it can 
be done with real materials and existing tech-
nical functions. The aim of developing a hi-fi 
prototype is, therefore, to be able to evaluate 
the concept and to iterate further by doing 
changes regarding the results from the tests. 
An iterative workflow is considered to be very 
important when developing medical devices 
because of the MDR, where it is needed to ite-
rate between product development, risk analy-
sis, evaluations and testing, to ensure that the 
products meet the quality and safety require-
ments (LVFS 2003:11, 2004). 

4.5.3.1 Computer-aided design
A 2D drawing was created in the software Sie-
mens NX which is a Computer-Aided Design 
(CAD) software. The measurements of the 2D 
drawing was developed through an iterative 
work with real humans and physical lo-fi pro-
totypes with lashing straps, fabric, and paper, 
to be able to explore dimensions and propor-
tions. When the measurements were tested, 
the final concept’s design was also developed, 
e.g., angles and length of shoulder support. 
During the development of the 2D-drawing, a 
discussion about functions and materials was 
held and decided for the physical hi-fi proto-
type. CAD was used to ensure that the dimen-
sions and the proportions were right which 
resulted in a construction basis for the hi-fi 
prototype.

4.5.3.2 Computer-aided industrial 
design
A visualisation, in the form of a surface mo-
del, was done to visualise the functions of the 
product. Modeling was done with the Compu-
ter-Aided Industrial Design (CAID) software 
Blender and the rendering software KeyShot. 

The visualisations, together with technical 
documentation and illustrations in Adobe Il-
lustrator, was done to show functions, dimen-
sions, and usage.

4.5.5 Product usability 
evaluation 
When developing medical devices, it is es-
sential to iterate several times and to analy-
se potential risks. Therefore, it felt natural to 
perform a product usability evaluation of the 
final result. It was done to analyse and high-
light potential risks with the product, to avoid 
launching a medical device with hazardous de-
fects according to the standard SS-EN 62366-
1:2015 (Medical devices - Part 1: Application 
of usability engineering to medical devices, 
2016). It was arbitrarily made, as the standard 
recommends to perform it on a real prototy-
pe, which was under production during this 
project, but which were not able to evaluate 
in this project due to the project scope. Delft 
et al. (2014) explain that the evaluation can 
“...discover useful issues, such as errors and 
misunderstanding, possible improvements to 
resolve those issues and opportunities to im-
prove the safety and the user experience of 
your design.” (p. 133). It is therefore essenti-
al to iterate several times, from initial ideas to 
implementation and back to lo-fi prototyping 
which the HCD process advocates. According 
to the standard SS-EN 62366-1:2015 (Medical 
devices - Part 1: Application of usability en-
gineering to medical devices, 2016) the risks 
could be divided into three different types of 
errors which were: perception, cognitive and 
action errors. The standard was then used to 
perform the usability evaluation. First, a step-
by-step analysis was done regarding the cor-
rect product use. From this, the different steps 
were analysed according to the three different 
types of errors and how the final product sol-
ve the different errors. After this, a harm due 
to risk analysis was performed, regarding user 
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errors and poor usability. The risks and impro-
vements were discussed and formed the base 
for the recommendations of further develop-
ment of the final concept.

4.6 Method discussion 
In this section, the methods used in the pro-
ject are discussed. Problems that have occur-
red during the project are presented together 
with a discussion about how they were resol-
ved. 

One important thing to mention is that the pro-
ject was affected by the pandemic Covid-19, 
which means that several of the planned ac-
tivities could not be completed physically. All 
work had to shift from working together at the 
same place to work online. It has meant that 
all documentation, ideation and evaluation 
has been made through online meetings. 

4.6.1 Inspiration 
From the inspiration phase, much valuable in-
formation about the users was collected. It tur-
ned out that observations was a very effective 
method to empathise with the paramedics. 
They got a chance to speak and show at the 
same time, which was not possible during the 
interviews. By performing the user observa-
tions as scenarios, it was possible to have full 
focus on listening and watching. This facilita-
ted the overall picture of prehospital emergen-
cy care, from the arrival at the scene of acci-
dent, to the transport to the hospital. Because 
all of the observations was planned we did not 
get the opportunity to observe a real situation 
which would have been preferable to get a 
truthful view of the handling. Although, the 
scenarios prepares the students for the upco-
ming work as paramedics. It should, therefore, 
be enough for us to get a realistic insight into 
the reality. One interview was held near the 
ambulance, which facilitated our understan-

ding. We enjoyed this phase and had a hard 
time to move on from inspiration to ideation, 
to start making sense of all collected informa-
tion. From both regions, and interviews with 
paramedics, we discovered that there exists 
many different denominations of the medical 
devices. They sometimes talk about the same 
thing when they use the following denomi-
nations: board, spine board, hard stretcher, 
hardboard, scoop board, or scoop stretcher. 
This made us confused, but when we were 
confused, we asked one extra time to ensure 
that we understood them correctly. We asked 
them to clearly define what medical devices 
they talked about, e.g., if they said board, we 
asked them to show the board. It facilitated 
our understanding when we were able to see 
what medical devices they were talking about 
too. It enabled us to position and compile the 
result more efficiently. However, even though 
we asked one extra time, it is essential to men-
tion that the result may have been affected by 
this.

4.6.2 Ideation 
During the ideation phase, we faced several 
challenges. One major challenge was to per-
form active and creative ideation online. We 
used our drawing tablets in Mural (n.d.), but 
faced a lot of technical issues, and it was not 
a compliant method. It was not easy to sketch 
quickly and to get smooth movements with 
the pen. Therefore, we decided to perform our 
ideation with Adobe Illustrator, where we cre-
ated templates. Because the project had to be 
performed online, several methods had to be 
developed and adapted to the circumstances.

During the idea generation, we realised that 
the selected methods gave us many crazy ideas, 
but that the result of these lacked in reality. We 
noticed that we did not get much of the result. 
Therefore, we used the morphological chart to 
bring all ideas together to principal solutions. 
It was a very effective method to structure all 

ideas and to develop qualitative concepts. Alt-
hough there exist many combinations, and we 
may have missed an interesting combination. 
We decided that methods, such as brainstor-
ming, should be used later in the phase if the-
re was a need to brainstorm around a specific 
problem or a need for broad thinking.

The original plan was to return to the users, 
during the ideation, that were interviewed 
during the inspiration phase to evaluate early 
developed concepts. Instead, the decision was 
made to perform a survey to evaluate the con-
cepts. When it comes to the survey, there were 
a couple of factors that may have affected the 
result. One factor is the placement of numbers 
on the Likert scale; there was a risk of misun-
derstanding. It was noticed during the test of 
the survey with one paramedic. After the test, 
we tried to clarify the scale, but there could be 
a margin of error. In the survey, we decided 
to split the requirement “stabilise neck, chest 
and lumbar spine” into stabilise head, stabili-
se the neck, and stabilise back. The reason is 
that we wanted to see what was/was not ful-
filled with each concept. Although, it could 
be hard for the one answering the survey to 
rank these criteria toward each other. That is 
why we decided that one number could be 
used several times in the survey. This resulted 
in a high number for all the ranking criteria, 
which made us to evaluate them the same in 
the two by two criteria weighting. This may 
have affected the result, but since they were 
all considered necessary, we did not want to 
see any of the criteria less critical. Regarding 
the question if a concept met a specific criteria 
or not, the majority could agree that the cri-
teria were fulfilled, but if one considered not 
the mean was significantly reduced. There was 
also a margin of error regarding if they under-
stood the concepts correctly. 

4.6.3 Implementation 
The largest challenge during the implementa-
tion phase was to get a trustworthy picture of 
the final concept with the lo-fi prototypes. It 
was not easy to work with materials that dif-
fered from the real materials, e.g. fabrics and 
paper, it was not similar enough to be able 
to evaluate its function fully. Therefore, it is 
needed to develop the final hi-fi prototype, that 
AB Germa will develop after this project. To 
ensure a good fit. It would be preferable if the 
evaluation was done with more paramedics, 
and also in physical form with physical pro-
totypes, to ensure that the concepts fulfils the 
paramedics’ needs, and that they understand 
how the concepts are supposed to be used. E.g., 
bring cardboard and clay to the paramedics to 
explain functions and thoughts of the concepts. 

The software Blender, was a useful tool to 
visualise the concept, but it did not enable 
usage of dimensions. It worked well to visu-
alise materials, features, buckles, and straps. 
The software Siemens NX complemented 
Blender in that sense, with the 2D drawing.  

The final usability evaluation could have been 
evaluated with the paramedics to ensure its 
validity, and to ensure that typical mistakes 
are not missed.
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5. Result
This chapter includes results from the project, 
and it is outlined as the phases of the design 
process: inspiration, ideation, and implemen-
tation. The result is presented with descrip-
tions, illustrations, mappings, photos and 
3D-models. Lastly, the final result is described.

5.1 Inspiration
In this section, the results from the context 
immersion is presented, including interviews 
(with regions, and paramedics) and observa-
tions (user narrations, and user observations). 
The section also includes a summary of the 
collected information.

5.1.1 Interviews
Information about advantages, and disadvan-
tages about the medical devices, from both re-
gions and paramedics, were summarised, see 
appendix H. 

CombiCarrierII and ScoopEXLs main advan-
tages according to the regions and the para-
medics are their cup-shape and divisibility. 
The scoop function is the most gentle way to 
move a patient with suspected spinal injury1. 
The use of a divisible stretcher reduces the 
use of the log roll manoeuvre, which is often 
needed when moving a patient from a non-di-
visible board. Another recurring aspect regar-
ding advantages is their narrow design, which 
makes them suitable for confined spaces. The 
CombiCarrierII and the ScoopEXL does also 
allow good grip and many carriers which 
enables safe lifts from the ground. The main 
disadvantage is that they are hard stretchers, 
which can cause pressure sores. Another dis-

1 Business Developer and Head of Ambulance Service, personal communication, 14th of February 2020
2 Chief Physician of Ambulance Service, personal communication, 10th of February 2020
3 Chief Physician of Ambulance Service, personal communication, 10th of February 2020
4 Healthcare Developer and Paramedic, personal communication, 7th of February 2020

advantage regarding CombiCarrierII is that it 
cannot be adjusted longitudinally. Common-
ly, scoop stretchers are used together with 
rolled blankets to support the patient’s head. 
Another way to stabilise the patient is to use a 
scoop stretcher together with head blocks and 
straps such as the X-spider2. When the patient 
lays on the scoop stretcher, a decision is made 
whether the patient should be transported 
with the scoop stretcher, moved to the ambu-
lance stretcher, or the vacuum mattress. E.g. 
in Gävleborg, they have recently bought scoop 
stretchers and argues that it seems unneces-
sary to also buy the vacuum mattress because 
most patients will be transported on a scoop 
stretcher with head blocks3.

Noted benefits of the vacuum mattress are that 
it is more gentle to the patient regarding the 
patient’s body temperature and risk of getting 
pressure sores. Therefore, it is suitable for long 
transports. Another benefit of the vacuum 
mattress is that it has integrated head support 
which the scoop stretcher does not have4. It is 
also a usable device when performing SMR on 
patients with altered anatomy, e.g., kyphosis, 
bechterew or DISH. 

The most common reason that regions do not 
use vacuum mattresses is that they are spa-
ceconsuming and heavy. This is something 
the paramedics have confirmed. The vacuum 
mattress is also considered as clumsy and dif-
ficult to put back into the ambulance. Another 
disadvantage with the vacuum mattress is that 
it requires log roll when moving the patient 
from the vacuum mattress. It is also difficult to 
access the patient’s arms which makes it chal-
lenging to set intravenous entry and to mea-
sure blood pressure. Several of the regions and 
paramedics mentioned that the vacuum matt-
ress starts to leak over time.
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The main advantage with KED is the adapta-
bility. It enables fast vehicle extractions, works 
well in confined spaces, allows fixation in both 
sitting and lying positions. Another advan-
tage is its logical design, with colour-coded 
straps. A disadvantage is that there are many 
straps and that it is hard to get it to fit well. The 
straps can hurt men’s genitals, and the spine 
can be exposed for more damage when app-
lying KED. There are disagreements when it 
comes to various body sizes and altered ana-
tomy. Some regions and paramedics think 
KED works well regarding these aspects, and 
some do not.  

5.1.1.1 Regions
From interviews via emails and phone calls 
with Swedish regions, answers came from 
seven chief physicians of ambulance service, 

three specialist nurses with specialisation in 
prehospital emergency care, three business 
developers and three operations managers 
of ambulance service, two paramedics, one 
healthcare developer, one head of ambulance 
service, one doctor of medicine, one section 
director of ambulance service, and one coor-
dinator of ambulance service. From the inter-
views, information has been collected about 
what medical devices Sweden’s 21 regions uti-
lise when performing SMR, see table 1. What 
medical devices they utilise in respective regi-
on varies because of different healthcare pro-
viders.

It is clearly shown that the national guidelines 
published in 2019 has affected all regions. All 
regions are now following the national gui-
delines, and they have made several changes 

Region Stockholm

Region Uppsala 

Region Sörmland 

Region Östergörland 

Region Jönköping 

Region Västerbotten 

Region Kalmar län 

Region Gotland 

Region Blekinge

Region Skåne 

Region Halland 

Västra Götalandsregionen 

Region Värmland 

Region Örebro län 

Region Västmanland 

Region Dalarna 

Region Gävleborg 

Region Västernorrland 

Region Jämtland Härjedalen 

Region Norrbotten 

Region Kronoberg 

 

National 
guidelines

Table 1: Shows the medical devices used in Sweden’s regions. 

to their routines and what equipment they use 
when performing SMR. All regions agree on 
the harmful effects of using spine boards and 
cervical collars, and has therefore excluded 
them. The adverse effects of cervical collars 
are that it reduces the circulation in the head5. 
It does also raise the pressure in the head 
and squeezes the trachea6. There are limited 
credible research that points to the positive 
effects of the cervical collar, and it does not 
add anything to the SMR when head blocks 
are used7. The cervical collar is only left in the 
ambulance if one of the paramedics have not 
completed the new education in SMR8. Jön-
köping is the only region in Sweden who still 
uses the spine board. However, they do not 
utilise it very often due to the risk of pressure 
on head, shoulders, butt, and calcaneus becau-
se of its flat and hard surface. It is only used for 
some extrications.

During the interviews with the regions, it 
has been noted that there are disagreements 
about the medical devices, especially KED. 
E.g., about its advantages and disadvantages 
and also the usage of KED when performing 
SMR on children, some use it on children, and 
some does not. Östergötland thinks KED is 
complicated and therefore, a time-consuming 
device, but by contrast, Skåne considers it easy 
to apply. On one hand, Västerbotten argues 
that KED does not work if the patient has rib 
fractures or pelvis injuries. On the other hand, 
Gotland and Jämtland Härjedalen thinks that 
it works well to handle patients with pelvis in-
juries. Before it was recommended to use the 
cervical collar together with KED, but since 
the cervical collar was excluded in conjunc-
tion with the publication of the national gui-
delines, Örebro states that KED does not pro-
vide as excellent support for the neck without 
the cervical collar. 

5 Specialist Nurse with Specialisation Anesthesia and Business Developer of Ambulance Service, personal communication, 20th of February 2020
6 Chief Physician of Ambulance Service, personal communication, 7th of February 2020
7 Section Director of Ambulance Service, personal communication, 13th of February 2020
8 Healthcare Developer and Paramedic, personal communication, 7th of February 2020

5.1.1.2 Paramedics
From the visits in Sorsele, Stockholm, and 
Kungälv, the following information has been 
collected from the interviews. The answers co-
mes from people with different positions, such 
as specialist nurses, nurses, and assistant nur-
ses, with a professional experience between 
a few months to 40 years within ambulance 
healthcare. The national guidelines have re-
cently been developed, and therefore many 
of the paramedics have not been able to apply 
them so far. However, they believe it will be 
easier than before because the patient can do 
more on their own. The paramedics will also 
win more time because of the elimination of 
the cervical collar. For future solutions regar-
ding SMR, they said it would be desired to find 
a more customized solution for the task that 
reduces extra steps and thereby reduces the 
transport time.

During the interviews with the paramedics, it 
has been noted that there are disagreements 
about the medical devices. Much depends on 
what equipment they have available and what 
training they have with each medical device; 
How often they use the particular medical de-
vice; How comfortable they feel to use them. 
E.g. KED can be a concern for some para-
medics that do not use it as often, but some 
paramedics use it all the time and think it 
works very well.

The paramedics described that SMR should 
be as safe and efficient as possible. Many para-
medics expressed that it is essential to look to 
the whole disposal. What is most critical? The 
patient has a significant head injury, then per-
haps it is essential to get to the hospital quick-
ly. However, if the patient is entirely stable and 
has a neck injury, then it is possible to perform 
SMR calmly and carefully. They were very clear 
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that life always goes before limb. Another cri-
tical criteria is the hygiene; the medical device 
needs to be easy to clean after the treatment, 
e.g., it is desired to avoid cavities and seams in 
the design. They also expressed the importan-
ce of being able to trust the equipment. 

It has also been shown through the interviews 
that it would be desirable to combine the scoop 
stretcher and the vacuum mattress. Mainly, 
to avoid the extra steps. It is preferable if the 
transfer to the vacuum mattress with the help 
of the scoop stretcher could be avoided, and 
the log roll from the vacuum mattress to the 
emergency room stretcher. Many have expres-
sed that if products are combined, the new pro-
duct get the disadvantages of both products, 
e.g., the vacuum mattress risk of leakage and 
the hard surface from the scoop stretcher. If 
the disadvantages can be excluded, most of the 
paramedics would like to see a combination. 
It has also been mentioned that the function 
must weigh up the storage in the ambulance 
and that the new product should be easy to use 
and provide treatment benefits. The combined 
solution should be easy to apply, easy to get 
there, easy to remove, and easy to clean. 

The paramedics were clear that the combined 
solution should not involve any extra steps in 
the application of the product. For example, 
if ScoopEXL would be combined with the va-
cuum mattress, it would mean that the para-
medics need to pump the vacuum mattress on 
both sides, it would be too time-consuming. 
Quote from a paramedic: ”Anything that re-
quires an extra step only gets worse”.

The characteristics that the paramedics would 
like to include from each product are the 
stiffness, adaptability, and applicability of the 
scoop stretcher, and the comfort of the vacu-
um mattress, its integrated head support and 
the upholster effect. The paramedics inter-
viewed in Stockholm thought it would be more 

desirable for those who have long transports. 
In Stockholm, they are usually close to the 
hospitals, and they can use the scoop stretcher 
during the whole transport. However, the va-
cuum mattress can be desirable even in larger 
cities if the patient is elderly and need more 
individual adaptation, or because of hygienic 
reasons. 

5.1.2 Observations
One significant finding from the observations 
is the fact that there are misunderstandings 
about the use of the products. Several para-
medics expresses dissatisfaction with not be-
ing able to bring forth the patient’s arms from 
the vacuum mattress. As observers, it has been 
clear that it is possible to bring forth one or 
both arms from the product they are using 
and that the misunderstanding may be due to 
lack of communication or inadequate educa-
tion about the products. Another significant 
finding is that the neck, chest and lumbar spi-
ne are top priorities and that the legs just come 
along. It is also appreciated with colour-coded 
straps and buckles because it enables fast and 
easy application.

5.1.2.1 User narrations 
During the user narrations, there was frus-
tration about the X-spider, see figure 43, that 
shows two different ways to apply it. It was hard 
to prepare the equipment because the previo-
us user did not pack it well. The velcro gets 
stuck in itself and gets tangled. Even though 
the spider is challenging to prepare and apply, 
it is easy and fast to remove, see figure 44. It is 
done by loosening the straps, the lock at both 
ends of the scoop stretcher is opened, then it 
is possible to lift the scoop stretcher with at-
tached straps. One negative part is that the 
straps have to be loosened, which takes time. 
Otherwise, it is not possible to open the buck-
les because the straps creates a tension on the 
buckles. Because of this, many paramedics 

Figure 43. The illustration shows X-spider. 

choose not to use the X-spider. Same thing 
happens if the patient lays on a soft surface, 
e.g., a bed, the scoop stretcher is pushed down 
by the patient’s weight which causes a pressure 
on the buckles, which causes it hard to open 
and close. The positive parts of the X-spider 
are that it is possible to stabilise in different 
ways, both directly over the patient but also as 
a cross to give better support to the pelvis, see 
figure 43.

Regarding the ScoopEXL, there are positive 
reactions to be able to measure the patient’s 
length, but it is difficult to adjust it afterwards. 
The ScoopEXL does not fit very well with the 
belt system on the ambulance stretcher, which 
may imply a risk to the patient’s safety during 
transport. There are also drawbacks with 
applying some of the belts on the ambulance 
stretcher to the scoop stretcher during trans-
port because it is hard to turn the patients 
around if they need to puke. It is preferable to 
be able to perform quick twists.

From the usage of the vacuum mattress, it was 
noted that the paramedics placed a blanket 
between the legs. The reason was to prevent 
the patient from warmth and abrasions. From 
the visit at AB Germa, it was demonstrated that 
this could be prevented by building up granu-
les in between the legs. It is not clear whether 
the paramedics know this or if they think that 
the blanket works better. If they use the gra-
nules in the vacuum mattress, they may mini-
mise their consumption of blankets. Obvious 
problems regarding leakage has occurred, but 
the question remains whether it may be due 
to miscommunication and misuse of product, 
e.g., that the lid is not tightened and that dirt 
may enter. The vacuum mattress works well to 

Figure 44. Picture that shows abstraction of X-spider. 
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use when transporting patients in stairs.

The KED is often used for vehicle extrications, 
which was demonstrated during the observa-
tion together with a sliding board. The colour-
ed straps were appreciated. It is flexible to both 
large and small patients. It may though hurt 
in men’s genitals because the straps are placed 
in between the legs. There are advantages that 
the KED is space-efficient, but the disadvan-
tage is that it does not stabilise the legs, see 
figure 45. However, they clearly state that the 
legs are under-prioritised, which means that it 
does not play such a significant role that they 
cannot stabilise them. It is tough for them to 
perform a good SMR on patients with various 
anatomy, pillows and blankets are needed.

5.1.2.2 User observations - scenarios
The essential findings from the scenarios was 
that the ScoopEXL was a source of irritation 
because the buckles were difficult to open and 
close. One of the paramedics exclaimed “fuck-
ing scoop”. It was hard for them to know whe-
re the different straps should be pulled on the 
ScoopEXL. They thought it was hard to know 
when the vacuum mattress should be used, 
and when it should not be used. They did not 
attach the patient to the ScoopEXL with the 
X-spider when transporting the patient to the 
vacuum mattress.

5.2 Ideation 
This section includes results from the analy-
sis of the empirical study where deep delved 
information about the users was gathered by 
interviews and observations, which resulted in 
two personas. Furthermore, it includes the re-
sults of the ideation and concept development.

5.2.1 The personas
The personas are Ebba and Hasse, both para-
medics, see figure 46 and 47. To involve the 
whole target group, they have one big diffe-
rence. That is their age and experience of pre-
hospital emergency care. The personas are pre-
sented in the following paragraphs where their 
motivations and frustrations are described. In 
figure 46 and 47 their background, their pain 
points, and goals are described. 

Ebba - Primary user persona
Motivations - Ebba has long experience of 
prehospital emergency care, which makes her 
confident to use the different medical devices 
for SMR. She thinks that the products speak 
for themselves; it is easy to understand how to 
use them. It makes her confident that she can 
choose freely among available medical devices 
in the ambulance. That makes it possible to 
adapt the equipment to each unique situation. 

Figure 45. Shows KED during the course for soon to be paramedics. 

The vacuum mattress is like all in one, no 
extra equipment needed. The only downside 
is the log roll and that the scoop stretcher is 

needed to move the patient safely.

”
”

OCCUPATION

EDUCATION

HOBBIES

FAMILY

Nursing degree

Paramedic

Climbing, and friends

Married, 3 children

WORK EXPERIENCE 19 years

Ebba, 46
PRIMARY USER PERSONA

About
Ebba is a determined and humble person. She was born in rural Sweden and moved to Stockholm at a young age to 
attend nursing education. She met the man of her life during her period of studies and chose to stay in Stockholm. 
After working for a time at a local health care centre, she realised that she wanted to do something di�erent. Since 
then, she has worked as an ambulance nurse. She works in conurbation areas with lots of tra�c which forces her to 
frequent usage of all equipment for SMR. Her driving force in life is to help people. 

The vacuum mattress is removed because the 
management feel that it weighs too much, and the 
transport time does not require it. 

She is feeling stressed before each work-shift in case she 
will meet patients with di�erent anatomy because they 
do not have the right equipment for that since the 
vacuum mattress is being removed.

She would like to feel comfortable that available medical 
equipment in the ambulance is enough to perform SMR 
on all patients, including those with various anatomy.

Eliminate the interstage of using the scoop stretcher to 
move the patient to the vacuum mattress. 

Pain points

Goals

Introvert Extrovert

Intuitive Observant

Judging Prospecting

Assertive Turbulent

Thinking Feeling

Worried Con�dent

Personality

National guidelines 2019 / 
Vacuum mattress / Patients

Scoop stretcher / Strap 
system / KED

It feels like the thought of the 
vacuum mattress is good, but it does 

not work so well in reality.
”

”

OCCUPATION

EDUCATION

HOBBIES

FAMILY

Nursing degree

Paramedic

Paddle and food

Single

WORK EXPERIENCE 1 year

Hasse, 28
PRIMARY USER PERSONA

About
Hasse has a curious personality, and he questions many things. He has an eye for detail, and both think and analyse a 
lot. He lives in rural Sweden, where he also grew up and recently �nished his education to become a nurse within 
prehospital emergency care. He loves to help people, and the choice of work and education was, therefore, obvious. 
He does not have that long work experience and feels very worried about his profession and his knowledge about 
the medical devices for SMR.

The vacuum mattress always leaks, it also becomes a 
banana during the lift, and the belonging pump is 
irritating. 

It is challenging to put the vacuum mattress back into 
the ambulance because it is bulky, and the storage space 
is limited. That leads to fewer routine checks of the 
equipment.

He would be okay with using vacuum technology if it 
does not leak. A dream would be to combine the 
softness from the vacuum mattress and the �exibility and 
divisibility from the scoop stretcher. 

He wants to learn about all medical devices as fast as 
possible to be able to execute his job e�ectively.

Pain points

Goals

Personality
Introvert Extrovert

Intuitive Observant

Judging Prospecting

Assertive Turbulent

Thinking Feeling

Worried Con�dent

National guidelines 2019 / 
Scoop stretcher / Challenges

Uncertainty / Ine�ciency /
Vacuum mattress

Figure 46. Shows the primary user persona Ebba. 

Figure 47. Shows the primary user persona Hasse. 
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Therefore, she feels creative in her professi-
on and feather beds with blankets, tape, and 
anything she could find. No regulation forces 
her to choose equipment, but she uses the na-
tional guidelines if she gets unsure. The vacu-
um mattress is one of Ebba’s favourite medical 
devices. It gives good fixation to patients, no 
matter what anatomy they have, and it is easy 
to carry. It works exceptionally well with old 
patients and patients with significant injuries 
in the pelvis.

Frustrations - One of Ebba’s nightmares is the 
scoop stretcher. It is hard to perform SMR on 
patients with different anatomy with it. The 
scoop stretcher is also very time consuming 
because it requires several other medical de-
vices, e.g., strap systems and head blocks. It is 
very complicated to apply the spider because 
the velcro creates a mess when it is packed. It 
makes her very angry and stressed. Therefo-
re, she thinks the vacuum mattress is better 
because it has an integrated strap system and 
head support. The downside is that the scoop 
stretcher is needed to move the patient to the 
vacuum mattress to minimise the use of log 
roll.

Hasse - Primary user persona
Motivations - Hasse feels very motivated with 
his job; he wants to learn new things. How to 
use available medical devices and how to treat 
the patients. He thirsts for the experience. So 
far, he loves KED because it is very flexible. It 
can be used on both small and large patients, 
and the coloured straps are amazing. Usual-
ly, he has trouble understanding some medi-
cal devices, but this colour coding helps a lot. 
Other than that, he likes the scoop stretcher 
because it reduces the use of log roll and it is 
possible to change longitudinally. He thinks 
that the scoop stretcher is very flexible because 
it is easy to remove from the patient.

Frustrations - Hasse is often worried about his 

job, but still, he is curious and strives to learn 
about everything. He worries about his lack of 
knowledge about the different medical devi-
ces. He thinks that the scoop stretcher is good 
to use, but sometimes when they have long-
er transports, the patients get uncomfortable. 
In that case, the vacuum mattress works well. 
However, in all other situations, the vacuum 
mattress does not work well. It always leaks 
and as a result, it bends like a banana when 
carrying. The pump is often forgotten at pla-
ces, and it is not very reassuring to use it. The 
worst thing about the vacuum mattress is that 
it is difficult to put it back into the ambulance 
storage space. It is very bulky.

5.2.2 User journey
The user journeys are based on three different 
scenarios that may occur for a paramedic. 
The first user journey include ScoopEXL, and 
vacuum mattress, see figure 48. The second 
journey include KED, see figure 49, and the 
last scenario include CombiCarrierII and va-
cuum mattress, see figure 50. Each scenario 
is equipped with three different smileys that 
symbolises three different emotional stages of 
the users: satisfied, indifferent, and unsatis-
fied. An assessment of how the user could feel 
was done from the information gathered from 
interviews and observations. The journeys are 
described horizontally with different actions.

5.2.3 Scenario 
The scenario in figure 51 illustrates a scenario 
where an old lady has fallen. Ebba decides to 
use KED in the car because of her earlier ex-
periences. Hasse thinks it feels good that Ebba 
takes the control. He likes to know what to ex-
pect and likes that they have a plan on how 
to proceed, but at the same time Ebba has the 
intuition that it may not be possible, since it 
is an older adult who has fallen. Ebba makes 
the first contact with the patient, while Has-
se stands by and observes the situation. They 
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Figure 48. Shows user journey with ScoopEXL and vacuum mattress. 

Figure 49. Shows user journey with KED.

Figure 50. Shows user journey with CombiCarrierII and vacuum mattress. 
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both realize that they cannot use the KED, and 
that a vacuum mattress is a must, because of 
the patient´s kyphosis. Ebba, who usually li-
kes the vacuum mattress, feels slightly pensive 
about how they should handle the situation in 
the confined space.

Hasse, who was prepared for the use of KED, 
feels a little stressed out when he needs to 
change the state of mind. Hasse needs to walk 
two times to the ambulance, to get both the 
vacuum mattress, and the scoop stretcher 
with the associated spider and head blocks. 
He struggles to get the vacuum mattress out. 
The feeling of not knowing how the patient is 
doing is stressing him; at the same, he trust 
Ebba to the fullest. When it is time to SMR, 
the elderly lady the frustration increases, even 
more, when they have to share the space with 
the scoop stretcher, the vacuum mattress, and 
all the straps. When the patient finally is SMR, 
they need to pack up the spider, and bring the 
scoop stretcher back to the ambulance. They 
find it frustrating that the puzzle with all the 

medical devices takes the focus from the pa-
tient. When they finally reach the hospital, 
there is a relief for both of them, knowing 
the patient is in safe hands. Ebba feels satis-
fied with the effort and is looking forward to 
meeting up with her friends after the shift. 
However, Hasse cannot stop thinking about 
what could be done better, and is worried 
about how things went with the patient, and 
how to get the large vacuum mattress back in 
the storage space. 

5.2.4 Product requirement list
A product requirement list was created from 
the findings in the contextual immersion and 
the results from the personas and user jour-
neys. The user requirement specification takes 
into account essential standards and guideli-
nes that can be linked to each need in the user 
need specification, see table 2. The require-
ments highlighted in green was considered the 
most essential for the ideation, see table 2. 

Ebba and Hasse just received an alarm with 
priority one from the emergency call centre. They 
report that the patient is an old lady who has 
fallen in the stairs in her home and that she lays 
in a con�ned and inaccessible area.

When Ebba and Hasse arrive at the address and 
investigates the lady, they discover that she has 
kyphosis and realize that they will have problems 
if they use KED. They reluctantly decide to use 
the vacuum mattress even though it will be tight.

On the way to the address, Ebba and Hasse have 
time to prepare. They decide to be prepared for 
using the KED because they are going into a 
con�ned space.

At last, Ebba and Hasse carries the lady into the 
ambulance.

They prepare the vacuum mattress and performs 
SMR of the lady. They try intensively to hide their 
frustration over the lack of space.

Hasse runs back and forth to the ambulance to 
collect the medical devices, while Ebba stays and 
takes care of the lady.

Figure 51. Shows the scenario. 

Table 2: Shows the requirement list.

User need speci�cation User requirement speci�cation

Stabilise neck, chest and lumbar spine. Inline position.

Minimise seam, and cavities in the 
design.

Chemical-resistant materials (soap, 
alcohol).

Minimise the number of pressure points.

Medical device possible to be carried by 
multiple carriers with the patient. 

Medical device possible to be carried by 
one person without patient (SS-EN 
1789:2007+A2:2014).

The medical device shall be adapted to 
the 5th to 95th percentile on all dimensi-
ons for males and females, and for people 
with Bechterew, DISH, and Kyphosis.

Enable access to the arms, face, and 
torso (SOSFS 2009:10).

Inadvertent error prevention, colours, 
symbols, and product shape
(SS-EN 1789:2007+A2:2014).

The medical device shall be compatible 
with current work demands to ensure 
good usability (SS-EN 62366-1).

• Loading capacity (250kg)
• Enable usage outside the vehicle (SS-EN 
1789:2007+A2:2014)
• Weatherproof (-30°C till 70°C)
• Durable materials

Not collect dirt. 

Enable disinfection.

Minimise the risk of pressure sores.

Portable: enable good carrying ability 
and stable manoeuvres of the patient.

A medical device that �ts in the ambu-
lance storage space.

Not heavier than available medical
devices, preferably lighter.

Enable usage in con�ned spaces., e.g. 
stairwells and vehicles.

Adaptable to various anatomy.

Access to the patient's body for assess-
ment and treatment.

Enable use of one medical device for 
SMR without intermediate transfers 
between di�erent medical devices to 
avoid unnecessary movement of the 
patient and enable time-e�cient 
transport.

The product should be easy to under-
stand.

The product should be reliable.

KG
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fixate the head, neck, and back. Everything is 
attached like a life jacket. To package it, first 
pull the vest together with the help of a zipper, 
then fold the scoop stretcher over the vest, and 
carry as a backpack. 

Concept 4 - Weightbelt carrier is a combi-
nation between a scoop stretcher, and a va-
cuum mattress. The scoop stretcher is slid in 
between the soft parts of the vacuum mattress, 
and the straps. This procedure is repeated on 
both sides. Then, the scoop stretcher is used 
the same way as today. The patient is scooped 
up, and then fixated in the vacuum mattress. 
The carrying simplifies with lift belts that are 
attached to the stretcher. 

Concept 5 - The vacuum blanket is a blanket 
and a girdle in vacuum. The blanket is rolled 
up and folded around the neck and under the 
arms. The ends of the blanket can be used to 
pull the patient up in a sitting position. In this 
position, a girdle is mounted, which goes up 

between the shoulders for extra support. With 
the help of straps on the girdle, the girdle and 
blanket are fastened. To package it, roll it the 
other way and attach it to a backpack.

5.2.5.7 Survey - concept evaluation
The survey resulted in answers from seventeen 
assistant nurses, nurses, specialist nurses, and 
all of them have a specialisation in prehospi-
tal emergency care. In the survey, there were 
diverse opinions, as in the empirical study. Es-
pecially when it comes to vacuum technolo-
gy, some likes it and some do not, it was also 
desired to be able to perform full SMR, which 
means a full-body fixation. Three of the five 
solutions are partial body solutions. It was 
expressed that it would be an excellent com-
plement to the scoop stretcher. However, they 
were considered to fulfil a need that is lacking 
in today’s medical devices for SMR. All con-
cepts are summarised with a brief general ex-
planation of their shared thoughts, as well as 

Figure 52. Shows the morphological chart concepts. 
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5.2.5 Ideation - from sketching 
to final concept
All results from the ideation and concept de-
velopment are presented in the following pa-
ragraphs.

5.2.5.1 Workshop 
The workshop resulted in deep thoughts 
about alternative ways to perform SMR. The 
workshop also resulted in a variety of ways to 
perform SMR, alternative ways to store medi-
cal devices for SMR, and improvements of av-
ailable medical devices, see appendix I.

5.2.5.2 Ideation based on 
requirement list
The ideation based on the requirement list 
resulted in forty ideas, see appendix J. The 
dot-voting resulted in eleven ideas. The ideas 
were about how to make it portable, e.g., te-
lescope, or a foldable solution. The solutions 
were also about how it could be adapted for 
varying anatomy, such as formable blocks. 
Some solutions dealt with how it could be 
space and time-efficient, such as magnet and 
scanner solutions. The ideas are marked with 
orange triangles, see appendix J. The ideas was 
also included in the morphological chart for 
further development.

5.2.5.3 Cluster 
The interviews generated a lot of improvement 
suggestions, hopes and dreams about both av-
ailable and future medical devices for SMR. 
It resulted in eight categories, namely small 
and flexible, lift, comfort, usability, hygiene, 
adaptable to various anatomy, weighs less, and 
head support. All ideas were summarised, see 
appendix K. 

5.2.5.4 Ideation based on cluster
The methods braindrawing and brainwriting 
was used, with the clustered categories as a 

base. This meant that both ideas from the 
cluster, and ideas that emerged during the idea 
generation were noted. It resulted in a wide 
range of ideas, see appendix L.

5.2.5.5 Morphological chart 
All ideas from the previous methods were col-
lected in a morphological chart which gene-
rated an overview over the different solutions. 
All the solutions tackled different problems, 
and the morphological chart made it possible 
to combine them into five concepts, see figure 
52.

5.2.5.6 Concept development 
The concepts can be seen on page 68 in figure 
53. For more detailed visualisations and expl-
anations of each concept, see appendix M. 

Concept 1 - Lounger is a vest, similar to KED. 
There is an integrated sliding plate in the back, 
for smoother application. It also has a plate in 
the bottom of the vest that can be folded out. 
It is fitted in under the patient and allows an 
adjustment of the patient’s position (90, 135, 
and 180 degrees). The plate simplifies the 
lifting with two integrated handles. The vest is 
attached with magnets in the front and packed 
by folding four times. 

Concept 2 - Vacuum vest is a vest in vacuum 
with recessed legs. The vest is slid in behind 
the patient’s back, and the size is adjusted with 
a zipper on the sides. The legs can be used if 
needed, handles on the sides of the legs, and 
vest are used to retract carrying rods to faci-
litate carrying. There are also ropes to draw 
with that can be used to pull the patient in, 
e.g., stairs. It can be stored as a backpack by 
rolling it together.

Concept 3 - The life jacket is a combination 
between a little scoop stretcher with a vest in 
memory foam. The scoop stretcher is used to 
scoop the patient, and then the vest is used to 
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Figure 53. The illustration shows concept 1-5.

its advantages and disadvantages, and impro-
vement proposals, see appendix N.

5.2.5.8 Two by two criteria 
weighting
From the survey, it emerged, after the pa-
ramedics ranked the various criterias, that 
the mean of the criterias came close to each 
other. The criteria were ranked between 4 and 
5, where five was considered very important. 
This caused the criteria to be equally evalua-
ted in the two by two criteria weighting, see 
appendix O. The context immersion also con-
firmed this.

5.2.5.9 Concept weighting matrix 
The concept weighting showed that the con-
cepts weighted grade were similar to each 
other, see appendix P. Concept 1, 2, and 4 
scored 3,5±1, and concept 3 with a little lower 
score at 3,2 and lastly concept 5 had the worst 
score of 2,8.

5.2.5.10 Analysis of results from 
evaluation with users
From the weighting, an assessment was made 
that there was no given concept to develop 
further. The concepts were so close to each 
other in the grades. Therefore, a comprehen-
sive assessment was made. It was based on the 
concept weighting, opinions and reflections 
from the survey. 

Concept 1 and 4, were among the most app-
reciated concepts in the survey. This was also 
shown in the concept weighting, although the 
small difference. It is also valuable that it se-
ems, by the paramedics, to fulfil the national 
guidelines. Furthermore, it seems possible to 
adapt these concepts to the current work situ-
ation for faster implementation in the market. 
The reason is that it takes available equipment 
into account, e.g. the scoop stretcher.

Concept 1 was appreciated because of the se-
veral fields of applications, and it is both spa-
ce-efficient and easy to use. The more negative 
aspects of the concept is the lack of leg sup-
port, and the risk of the patient slipping out. 
Concept 4 complemented these aspects with 
its stability and integrated leg support. Alt-
hough, some concerns about the body access, 
the size, and the time gain compared with how 
it is done today with the vacuum mattress was 
noticed. 

Therefore, it was decided that the final con-
cept should be a half-body solution, similar to 
concept 1, to save weight and space in the am-
bulance. The thought of a half-body solution 
solved the question about better body access 
with concept 4. For application, it is desirable 
with a scoop function, which means that the 
concept should be two-parted and work with 
today’s equipment. General things that were 
kept in mind during the development was 
colour-coded and numbered straps for more 
fundamental understanding, as well as elimi-
nating the number of straps and ensuring pro-
per head, neck, and back support.

5.3 Implementation 
This section includes results compiled from 
the earlier phases, in the form of lo-fi proto-
types, hi-fi prototype, a drawing and visualisa-
tions. The result is presented with features to-
gether with the voice of the user. Furthermore, 
the result from the product usability evalua-
tion is presented, in the form of a hazard map-
ping that highlights possible risks when using 
the product. 

5.3.1 Lo-fi prototypes
To be able to evaluate further from the analy-
sis of the results from evaluation with users, 
lo-fi prototypes were built to test different 
ways to create a half-body solution, see figure 
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55. Cardboard was used to create a divisible 
scoop stretcher, where various attachment 
techniques were tested, with fabric and cable 
ties. Clay models were used to create a body to 
test on, and to explore different shapes of the 
vest. The software Adobe Illustrator was also 
used to explore different concepts, see figure 
54. The prototypes generated valuable know-
ledge about how to develop the final concept 
from the feedback further, and it resulted in a 
concept that can be used in two different ways, 
see figure 54. For more detailed descriprions 
of the concept, see appendix Q. The concept 
is a vacuum vest which can be docked in the 
scoop stretcher for better comfort and adap-
tation to the patient’s anatomy, see figure 54. 
The concept can also be used as a stand-alone 
solution, namely a vacuum vest, where the two 
parts can be docked together with a U-shaped 
attachment device, see figure 55.

Pull together

K.E.D 

Slide down

1. 2.

Figure 54. Shows lo-fi prototype used both alone and 
together with ScoopEXL.

Figure 56. The picture shows a lo-fi evaluation at Solna clinical training centre.

5.3.1.1 Evaluation of lo-fi  prototype 
with users
The final lo-fi prototype showed in figure 54 
were showed to the users. The users evaluated 
the concepts and gave feedback, see figure 56. 
This feedback was analysed and summarised, 
see appendix R. The primary outcomes from 
the evaluation were thoughts about its divisi-
bility. It was considered to be a useful featu-
re. However, it was not considered to be a top 
priority as it probably would not be used so 
frequent. Therefore, the decision was made to 
continue with a one-part solution that focuses 
on solving the problem of performing SMR 
with available extrication devices. 

KED is one of today’s extrication devices, 
considered to be a valuable medical device. 

However, some prominent disadvantages of 
KED discovered in context immersion were, 
e.g., that it is hard to adapt to patients with va-
rying anatomy, the straps are not comfortable, 
and some paramedics thinks that it is difficult 
to understand how to use it. From the evalu-
ation of the final lo-fi concept, it was decided 
to work further with solving those disadvan-
tages together with noted challenges in the 
lo-fi concept. That included a change of belt 
restraining system. It was considered valuable 
to be able to loosen one strap at a time, and 
to be able to cross them over the thorax. The 
straps could be moved further in on the back 
to enable the device to suit smaller patients. A 
suggestion of adding one more strap over the 
pelvis was given to create better motion res-
triction.

Figure 55. The pictures shows a selection of lo-fi prototypes.
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5.3.2 Final result 
The final result is a combination between a 
vacuum mattress and a KED, see figure 61 on 
page 76. It has the size of a KED and is the-
refore easy to use in confined spaces. It also 
has the flexibility of a vacuum mattress, which 
makes it adaptable to the patient’s anatomy. In 
the following paragraphs, it is described how 
the vacuum vest fulfils the user need specifi-
cation. The materials in the vacuum vest al-
lows disinfection, e.g., the straps have a plastic 
coating, which enables efficient disinfection 
multiple times. The vacuum vest has no seams 
with thread, as there is a risk of collecting dirt. 
Instead, welding is proven to be a much bet-
ter method of merging the materials. It leaves 
surfaces that are smooth and easy to disinfect.

Stabilise neck, chest and lumbar spine - Due 
to the vacuum technology and the integrated 
wooden plate, it enables inline position, see fi-
gure 61, on page 76, and figure 57. This means 
that there is a line between the nose, umbilicus 
and symphysis. Inline also means that back 
and forward tilt of the neck is avoided. This 
provides the patient with good SMR.

Portable - The vest has four handles placed af-
ter the paramedics’ suggestions, for better car-
rying ability, see figure 61, on page 76. It is also 
equipped with straps that secure the patient 
for safe SMR. The straps also prevents the pa-
tient from sliding down, and in the worst case, 
slip out from the vest.

Confined spaces - The product is a half-body 
solution, and the weight and size are minimi-
sed, compared to the vacuum mattresses used 
today, see figure 61 on page 76. Thus it ena-
bles selective SMR in confined spaces. From 
interviews, it has been found out that KED is 
well suited for confined spaces, which indica-
tes that this product will also work in confined 
spaces because of the similarities in its size. 
The half-body solution does also enable the 

patient to be more involved in the SMR, as the 
national guidelines recommend. 

Time-efficient transport - The vest is com-
patible with the scoop stretcher, see figure 58. 
When the vest is used together with the scoop 
stretcher, there is no need for head blocks be-
cause of the integrated MRP. It is also benefi-
cial to use the vacuum vest together with the 
scoop stretcher during longer transports, to 
reduce the risk of pressure sores, or when the 
legs need to be supported. The straps on the 
vest can be used instead of external belt res-
training systems, e.g., the X-spider. Thus, the 
intermediate step between existing solutions, 
e.g., between the scoop stretcher and the vacu-
um mattress, is eliminated. The straps are co-
lour coded and marked with numbers to ease 
the application, and to make the usage more 
time-efficient, see figure 61 on page 76.

Various anatomy - Compared to KED, the 
vacuum vest is better suited for people with 
kyphosis, DISH, and bechterew, because it fol-
lows the curvature of the spine. It does also fit 
to a variety of body sizes, and the girdle with 
wooden sticks, can be folded to enable good 
body access even on smaller patients, see fi-
gure 61 on page 76. According to interviews 
with paramedics, the vacuum technology is 
desirable as the majority of patients are elderly 
and fragile

5.3.2.1 Hi-fi prototype
A 2D drawing was developed to the anthropo-
metry of a man’s average dimensions, see the 
column M in figure 18 in the theoretical fra-
mework, to enable function tests of the final 
hi-fi prototype. The measurements for the 2D 
drawing were created iteratively with real hu-
mans and physical lo-fi prototypes, see figure 
59. This lead to the dimensions in figure 60, 
see appendix S for full 2D sketch. The product 
itself is longer and wider than a man’s average 
dimension to ensure that they fit in the pro-

1

3

44

22 Wooden board, V shape, for easier 
application and stabilisation of neck, 
chest and lumbar spine. 

Wooden sticks for chest 
stabilisation.

1

3

160

80

Figure 57. Shows the integrated girdle-sticks and the back-board in wood (mm).

Figure 58. Shows the compatibility with the ScoopEXL.
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totype. The shoulder support got the angle 30 
degrees after testing because the persons in 
the test argued that they got excellent shoulder 
support. By observations, it was noted that the 
shoulder support enfolds the shoulder properly. 
 
The 2D-drawing was used by AB Germa to de-
velop a physical hi-fi prototype. After discus-
sions with the company, a decision was made 
to develop the prototype with plastic buckles, 
to enable x-ray. The straps should have a plastic 
coating, but there exists only one sort of plas-
tic straps with a handful of different colours. 
Therefore, the hi-fi prototype may have fabric 
straps to try its function and its intuitiveness 
instead. Then the focus will be on choosing dif-
ferent colours on the straps, and if the colours 
on the final result are not available, the impor-
tance lays with having a difference between the 
colours. The main focus with the developme-
nt of the prototype is to test its function and 
how it fits. Thus, it will be developed so that 
the functions are affected as little as possible. 

The chosen materials are described in table 3. 

As plastic is an essential material in the deve-
lopment of medical devices, it will be used on 
almost all parts of the product. The advantages 
of plastic are that it is good from a hygienic 

Figure 59. Pictures shows testing of lo-fi prototypes. 
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Part Material

Main body Polyester mesh
with PVC coating

Straps Cotton and nylon

Buckles Plastic

Integrated backplate Birch plywood

Granules Styropor granules

Inner bags Polyester

Backside Fiber glass mesh

Table 3: List of materials in the final concept.

Figure 60. Shows the dimensions of the final concept (mm).
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Head strap, integrated MRP and backplate 
enables inline-position which stabilises neck 
and head.

Numbers and colour-coded 
straps guides the user to 
quickly apply the vest to the 
patient.

Four-point belt with 
cross on the chest.

Adaptable to the ScoopEXL.

Stabilise neck, chest and lumbar spine

Portabel 

Con�ned spaces

Time-e�cient transport 

Various anatomy

Carrying ability with four 
handles, and straps that motion 

restricts the patient.

Integrated backplate and granules
supports neck, chest and lumbar spine. 

Distribution of granules in a grid. 

The vacuum technology together with the foldable 
girdle, makes it adaptable to various anatomy and 

stabilises neck, chest, and lumbar spine.
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Figure 61. Shows the final concept and how it fulfils the user need specification.
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point of view. It is commonly known that plas-
tic should be eliminated due to its negative im-
pact on the environment, but has not been the 
focus of this project. The advantages of using 
plastics in a medical perspective overcomes 
the disadvantages; plastic is after all, mostly 
easy to recycle.

5.3.2.2 Product usability evaluation 
From the evaluation of usability and risks, it 
became clear that there are some risks with the 
final concept, for the correct use of the con-
cept, see appendix T. The most severe risks 
are described in appendix U, and is caused 
by material failure and the human factor. The 
most significant risks are about dropping the 
patient to the ground. It can happen if the user 
loses the grip, or if the straps are not tighte-
ned enough, which causes the patient to glide 
down, and in the worst case, fall to the ground. 
Other risks are about damage to the equipme-
nt, either the pump or the vacuum vest. If the 
pump or vacuum vest is damaged, it can cause 
malfunction, or in worst case the material gets 
unusable. The concept comes with a storage 
bag and a repair kit to solve this, and it is re-
commended to have continuous safety checks 
of the equipment. 

The cognitive errors, see appendix V, are fo-
remost about forgetting how the equipment 
should be used and about if the pump is for-
gotten. If the user forgets how to use the mate-
rial, the colour-coded straps with numbers are 
there to support. Although, it is recommended 
to have an application instruction somewhere 
on the vest. If the pump is forgotten, it results 
in an unusable product. Therefore there is re-
commended to see if there is a possibility to 
integrate the pump in the product. To ease 
perception errors, see appendix V, regarding 
visual information, the form, colour-coded 
and numbered straps are there to facilitate the 
understanding. However, the prototype needs 
to be tested on real users to get their feedback 

about how it works. When it comes to adjust 
its position, a recommendation is to see if the-
re is a possibility to make the head support, 
like the girdle, adjustable for taller and shorter 
patients. It is also recommended to have any 
form of indications on size intervals.  
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6. Discussion 
Industrial design engineering is many times 
complicated, because it is an education of cre-
ative form; where ideas should be delivered 
without repressions and logic thinking. At the 
same time, it is an education in engineering; 
where logic and analysis should be used to 
find different solutions. On the one hand, you 
already know what the limitations are, but on 
the other hand, you have to be creative and ig-
nore them. This has been a challenge throug-
hout the project. 

The applied process in the project was the 
human-centred design process from IDEO 
(2015). The implementation phase has not in-
cluded everything from the IDEO process sin-
ce the aim was not to launch a new product. 
It is not possible to develop a new product 
during these twenty weeks. Still, at the same 
time, it is expected that the project involves 
the different stages in a product development 
process. Therefore, it might have been better 
with a process more focused on developing a 
prototype. Relevant theory and methodology 
that suits the process and the aim of the project 
has been reviewed and used to argument for 
the design choices. This has been done iterati-
vely with the ideation throughout the project. 
The following paragraphs discuss the final re-
sult, what knowledge it contributes with, what 
value it has for users, companies and society as 
well as what could have been done differently.

6.1 Product failure due to 
lack of routines
The disagreements about the usage of the 
medical devices are something that has been 
noticed during the whole project. The way to 
work is individual, and the preferences regar-
ding the medical devices differ, especially re-
garding the views about the vacuum techno-

logy. We have seen problems with the vacuum 
technology, e.g. it has been mentioned about 
the risk of leakage, and that the pump can 
be forgotten or broken. Since the final result 
consists of this technology, it would be valu-
able to review the training of the equipment 
and whether the pump could be integrated or 
not. During observations, it was noted that 
these problems could be due to lack of educa-
tion regarding the usage of the ventile. Or that 
the products are used longer than its service 
time. It has been found that paramedics skip 
regular checks of the vacuum mattresses due 
to the difficulties to pick them in and out of 
the ambulance. Since the final result consists 
of this type of technology, it is crucial to re-
view this before implementing the product, 
even though this is an organisational question, 
which is not included in this project. 

6.2 There is a need of 
reviewing available 
products within prehospital 
emergency care
The project has generated insights into what 
SMR can mean for future product develop-
ment. Since the SMR has gone from ‘routine 
SMR’ to ‘selective SMR’, we are moving towards 
medical devices for SMR that does not restrict 
movement as strictly as before. Many products 
in prehospital emergency care have not been 
updated for a long time, and there is no doubt 
that there is a need for it.

An upgrade of all of the medical devices within 
prehospital emergency care is a question about 
sustainability, from an ecological and econo-
mic perspective. From a business perspective, 
it is crucial to be able to maintain sales of one’s 
products. Still, from a society perspective, it 
can be expensive for regions and municipali-
ties to update the medical devices too often. 
At the same time, there is a high cost for the 
society, when it comes to these kinds of inju-

ries (Jansson, 2017). It is therefore of great im-
portance to be able to treat the trauma patients 
correctly and efficiently to reduce the risk of 
secondary injuries, which could mean addi-
tional costs to the society. Both these aspects 
need to be taken into account when medical 
devices are to be purchased or updated. Nor-
man (2013) argues that the price is usually the 
essential factor for the purchaser. This could 
be devastating to the users because it puts 
their needs and desires to lower priority. That 
may lead to reduced safety and a lousy work 
environment. Norman (2013) argues that the-
re is a struggle when the purchaser is not the 
user; then it is hard to find, improve and pri-
oritise possible usability-faults in the design. 
It is therefore essential to involve users in the 
product development, to secure their needs 
and desires in the purchasing.  

The development of user-friendly products re-
sult in safe and efficient treatment of patients. 
This can lead to shorter rehabilitation, less 
permanent injuries in patients, and lower sick 
leave in both patients and paramedics. This le-
ads to financial gain for companies, and thus 
also for society. During an interview, a user 
expressed the following “The patient should 
be able to do more by themselves, that should 
make it easier. It would probably not be more 
difficult. The patients would be able to move 
themselves.” This means that if the patient is 
conscious, and does not have any serious in-
jury, could walk into the ambulance by them-
selves. As a result, the risk of work-related in-
juries for paramedics is reduced when they are 
not forced to use whole-body solutions when 
it is not needed.

6.3 Usability evaluation and 
recommendations to enable 
implementation of the final 
concept
The users, paramedics, intend to be critical in 

the evaluations, but we have seen it as positive. 
A possible reason for that is that paramedics 
work with these products daily and thereby 
have more critical thinking because they com-
pare the new solutions with the available ones. 
Thanks to their analytical mind, we have been 
able to develop the ideas and concepts more. 
The users critical thoughts and their conti-
nuous participation throughout the project 
has had a positive impact on the result. 

Before the implementation of the final con-
cept, we recommend that the leg straps are te-
sted to avoid the same problems seen on KED, 
e.g., by applying soft materials or moving the 
straps so that they do not hurt men’s genitals. 
We also recommend a conscious work regar-
ding size adjustments. The concept is inten-
ded to work for everyone, which, according 
to Hägg et al. (2010) means that it should be 
adjustable for the 5th to 95th percentile. The 
hi-fi prototype is intended for an average man, 
with the purpose to test its functions and how 
it fits. A limitation with the final result is that 
the anthropometry for the hi-fi prototype is 
developed from a small Swedish population. 
If the product is intended to be sold abroad, 
a broader overall perspective about anthro-
pometry is required. It is a challenging task to 
develop a product that suits everyone, and it 
demands adjustment possibilities. The straps 
should be attached as far back as possible to 
make it possible to fit on the smallest patient, 
and the straps should be adjustable even for 
the biggest patients. The head support should 
also be adjustable in height. In the final con-
cept, the headrest is fixed, which requires that 
the test person fits in the dimensions of an 
average man. Further refinements are needed 
to ensure that it suits for the 5th to 95th per-
centile. To ensure a perfect fit, it would also be 
preferable to have information about size in-
tervals somewhere on the vest. Jordan (1998) 
argues that the user should be able to control 
the usage of the product. Therefore we would 
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also like to recommend a look over about the 
placement and accessibility for the handles. 
The handles must be accessible even though 
the patient is large. If they are not available, it 
must be other possibilities to lift, to ensure a 
safe movement of the patient. 

For further development, we also recom-
mend visual clarity with illustrative instruc-
tions about the usage, and the cleaning of the 
product. This is according to Jordan (1998), 
something that should be displayed to sha-
re meaningful information with the users, 
and to reduce the risk of misunderstandings. 
The concept is colour-coded with informa-
tion about the application steps, in the form 
of numbers (Monö, 1997). Although, it would 
be considered to add value if there was a clear 
description with icons that shows the different 
stages (Monö, 1997). 

A risk is that the pump is forgotten or damaged 
due to negligence. Preece et al. (2015) mentio-
ned that developers should think of possible 
actions that could fix the errors. To fix these 
errors, we believe an integrated pump could 
be the solution. The disadvantage of this is that 
if the pump breaks, the whole product needs 
to be replaced. Although, today it is possible 
that the ventile breaks, which would mean 
that the product gets unusable. It would have 
been interesting to see if there is a possibility 
to have spare parts so that it is not needed to 
replace the entire product, from a sustainabi-
lity perspective. 

To avoid potential risks and errors during the 
continuous work before implementation, it 
is crucial to maintain close cooperation with 
those who work with the equipment daily 
throughout the product development. There 
is a value of iterating between development, 
prototypes and the users. It is also crucial with 
continuous evaluation with peoples with dif-
ferent medical professions to capture a broad 

spectrum of potential challenges and risks. A 
hi-fi prototype needs to be tested to ensure 
good usability because we believe that it may 
be challenging to implement new products 
before having the opportunity to test them in 
reality. However, it is not in the scope of this 
project. 

6.4 Faster patient handling 
with usability in focus
During the empirical study, it was mentioned 
that good ergonomics for paramedics cannot 
be fulfilled, e.g. when they work in a ditch, 
and is therefore not considered as an essen-
tial requirement. It feels like the paramedics 
are prioritising the patient and forget about 
themselves. We believe that this should be a 
critical criteria, although they consider it dif-
ficult to achieve. The concept should at least 
enable proper lifting, e.g. enable multiple car-
riers. The final concept is a half-body solution 
and limits the possibilities to carry, because 
there are only handles on the upper body. The 
alternative if the patient cannot participate 
himself in, e.g. extrication from a vehicle, is 
that one paramedic takes the legs and that two 
paramedics take hold on each side of the vest. 
We choose the placement of handles in the last 
user evaluation of the lo-fi prototype. Here, a 
validation with more users would be required 
to ensure that the different work methods are 
included. It would also be preferable to let pa-
ramedics try the handles, and to evaluate the 
prototype; what works, and what does not 
work?

Another finding during the empirical study 
was the importance of the time aspect. The 
medical device shall contribute with the most 
efficient and safe SMR as possible. The idea 
of the final concept was to promote a useful 
way of working with the help of semiotics 
(Monö, 1997). Hopefully, the use will be fas-
ter thanks to the V-shaped plate in the back, 

numbers that present the order in application, 
colour-coded straps to minimise the risk for 
errors, and to help the user to fix mistakes if 
they occur quickly (Jordan 1998). At present, 
we do not know if the concept means increa-
sed efficiency, but this is something that needs 
to be tested and reviewed; can the straps be 
optimised and how is it really to apply them? 

It is difficult to determine if the product solu-
tion contributes to a more efficient way of work, 
compared to the situation today. However, the 
concept is compatible with ScoopEXL, which 
means that head blocks, and external belt res-
training systems is not needed, which should 
save time. However, the buckles in the concept 
needs to be reattached when the vest is placed 
on the ScoopEXL. How much this will affect 
the time aspect is challenging to know and 
must be evaluated with tests of the hi-fi proto-
type. It would, therefore, be interesting to see 
how the prototype works in reality, to be able 
to develop the concept further. If the concept 
is used instead of the vacuum mattress, the 
intermediate step between the vacuum matt-
ress and the scoop stretcher will be elimina-
ted; which is desirable. In today’s solution, it 
is only compatible with ScoopEXL. The idea 
is that it should also be compatible with other 
scoop stretchers, such as the CombiCarrierII, 
although it requires a comparison of the place-
ment of the mounting possibilities. 

Another critical aspect of medical devices and 
the time aspect is pressure sores. According 
to Bååth & Källman (n.d.-a), two factors can 
cause pressure sores. The first factor is time, 
and this factor is hard to affect. It depends on 
the transport time, and the waiting time at the 
hospital. The other factor, which is pressure, 
can be minimised through soft and adaptable 
material. In the final solution, vacuum techno-
logy is used, and it is a well-known technology 
for the ability to adapt after the patient, and 
spreads the pressure points more evenly over 

the body.

The paramedics argues that it is essential to 
get an overview of the situation. Some ex-
presses that there is often too much text and 
algorithms, e.g. triage, that they forget to use 
their common sense. One can easily miss sig-
nificant findings. What is interesting about 
this is that those who say this has long wor-
king experience as paramedics, which means 
that they can rely more on their gut than a new 
graduate can. Therefore, triage is not necessa-
rily a bad tool; it is useful as a decision basis 
until the paramedics have gained experience. 
At the same time, we learned in contact with 
education leaders that the guidelines and al-
gorithms should be used when you are un-
certain, you should be able to lean on them, 
not follow them to the letter. You create your 
common sense through experience, so you 
cannot have a complete common sense in the 
beginning and feel safe with it. Everyone starts 
somewhere.
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7. Conclusions 
The objective of the project was to enable pa-
ramedics to provide trauma patients with safe 
and efficient SMR by improving the usability 
of available or future products for SMR. Fur-
thermore, the project should increase know-
ledge about the challenges that paramedics are 
facing when using available medical devices 
to perform SMR, and how existing devices 
relates to the current paradigm shift and the 
national guidelines within prehospital emer-
gency care and SMR. 

The objective was achieved with the help of 
three aims. The project aimed to review the 
available medical devices and deliver recom-
mendations on how the future product de-
velopment of medical devices for SMR could 
head in a user-centred direction; to map pa-
ramedics experienced problems with available 
medical devices; and to deliver a conceptual 
suggestion with feedback from users. 

During the contextual immersion, several sig-
nificant findings were made. It was noted that 
there is a lack of medical devices that enables 
usage for patients with various anatomy. The 
paramedics would also like to have a medi-
cal device that, at the same time, works well 
in confined areas. A desire expressed by the 
paramedics was to have a product that of-
fers the adaptability to various anatomy like 
the vacuum mattress, and the flexibility of a 
scoop stretcher. One of the main limitations 
that were dealt with during this project was 
the space and weight restrictions. The medical 
device function needs to weight up the limi-
tations. 

The aims has been achieved by delivering a 
conceptual suggestion of a new product for 
SMR that enables safe and efficient handling 
of trauma patients with various anatomy. The 

concept works well in confined spaces because 
of its size. Due to the vacuum technology, it 
will be comfortable for the patient. The con-
cept also enables the patient to participate in 
the caring. These properties generates a social 
value since both paramedics and patients can 
feel safe during the caring.

The project has generated insights into what 
SMR can mean for future product develop-
ment. Generally, we are moving towards the 
development of products for ‘selective SMR’, 
which means that the patient should be able 
to participate in the caring if possible. To en-
sure that the final concept fulfils this, the hi-fi 
prototype needs to be evaluated with para-
medics and physicians several times, before 
implementing it into the prehospital emergen-
cy care. Close cooperation, which has been 
applied in this project, is the key to successful 
human-centred product development. Many 
products in prehospital emergency care has 
not been updated for a long time, and there 
is no doubt that there is a need for reviewing 
and updating them. Since the cervical collar 
has been removed, there is a need of studying 
the medical devices that were previously used 
together with it. To use a human-centred pro-
cess is one way of solving the paramedics daily 
problems.

It has also been noted that many regions do 
not have the vacuum mattress in their am-
bulances; 14/20 does not have it. This means 
that many ambulances cannot quickly and 
efficiently take care of patients with varying 
anatomy. Therefore, it would have been inte-
resting to see if this solution could contribute 
to the reintroduction of the vacuum technolo-
gy in the ambulances. Because, many of these 
regions expressed that the vacuum mattress 
have been excluded because of weight and 
space limitations.
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7.1 Research questions
In order to achieve the aims and objectives of 
the project, the following research questions 
have been answered.

7.1.1 How can the SMR be 
described in Sweden today?
Generally, the product development heads 
towards products for selective SMR, which 
means that the patient should participate in 
the caring if it is possible. During the spring 
2019, new national guidelines was published 
by Löf. All of Sweden’s regions have imple-
mented the guidelines. Due to the guidelines, 
the cervical collar and spine board has been 
removed from all ambulances. The commonly 
used medical devices are the scoop stretcher, 
vacuum mattress, KED, head blocks and exter-
nal belt restraining systems. There are diverse 
opinions about the use of the medical devices. 
However, there is a pronounced requirement 
that there should be a vacuum mattress in eve-
ry ambulance, but the study has clearly shown 
that this is not the case. In the guidelines, it is 
now recommended that carrier systems with 
soft materials should be used for longer trans-
ports and hard stretchers should be limited 
to shorter transports. The SMR shall also be 
adapted to the patient and not the equipment. 

7.1.2 What challenges are the 
paramedics facing regarding 
available medical devices and 
its usability, both today and 
after implementation of the 
national guidelines?
There is a lack of medical devices that work 
for patients with various anatomy. There is 
also a lack of devices that works well in con-
fined spaces. After the removal of the cervical 
collar, a value of reviewing medical devices 
used together with it, e.g., KED, has been no-
ted. A desire has also been expressed to repla-

ce the cervical collar, and there is a solution 
that does this, which is an MRP. MRP is new 
to the market, and it follows the direction that 
the development seems to be going. One of 
the most important factors to think of, when 
developing medical devices, are that it should 
enable flexible usage and have an obvios area 
of usage, to be able to compete with the space 
limitations in the ambulance.

7.1.3 How can a product be 
developed to eliminate those 
challenges?
Adjustment options are required. Close coo-
peration with the paramedics who use the 
equipment daily is needed throughout the 
product development. The key to successful 
user-centred product development is to per-
form an iterative work between development, 
prototypes and users. In addition to evalu-
ation with paramedics, it is also essential to 
assess continuously with physicians with dif-
ferent educational backgrounds, to capture all 
possible spectra of potential challenges and 
shortcomings. One last and crucial insight is 
to challenge today’s medical devices with new 
solutions that push the boundaries. Even a se-
emingly small product can do wonders, e.g., 
we had a unique solution among the five con-
cepts that were developed during the idea ge-
neration, namely the vacuum blanket.
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Appendix A: Interview questions 

Inledning  
● Hur länge har du arbetat inom prehospital akutsjukvård? 

 
● Använder ni scoop-bår på stationen?  

○ Om ja, fördelar resp. nackdelar (avseende ergonomi, patientsäkerhet och förvaring i ambulans) 
○ Om nej, varför inte? 
○ Vad ser du för förbättringsmöjligheter? 
○ Vilka egenskaper är viktigast hos scoopbåren? 

 
● Använder ni vakuummadrass på stationen?  

○ Om ja, fördelar resp. nackdelar 
○ Om nej, varför inte? 
○ Vad ser du för förbättringsmöjligheter? 
○ Vilka egenskaper är viktigast hos vakuummadrassen? 

 
● Finns det några andra hjälpmedel än de som är nämnda som är väsentliga när ni utför spinal 

rörelsebegränsning? 
○ Fördelar resp. nackdelar med de hjälpmedlen? 
○ Vad ser du för förbättringsmöjligheter? 
○ Vilka egenskaper är viktigast? 

 
● Hur fungerar era befintliga hjälpmedel med avseende på de nya riktlinjerna för SRB? 

(Kan de anpassas bättre? Saknas hjälpmedel för att t.ex. kunna individanpassa?) 
 

● Finns det några egenskaper du skulle vilja kombinera när det kommer till dagens hjälpmedel för SRB?  
 

● Om det skulle vara möjligt att skapa en helt ny produkt som ersätter två gamla. Skulle det vara önskvärt 
och vilka hjälpmedel skulle det i så fall kunna vara? 

○ Fördelar (avseende ergonomi, patientsäkerhet och förvaring i ambulans) 
○ Nackdelar (avseende ergonomi, patientsäkerhet och förvaring i ambulans) 

 
● Hur ser du på att kombinera vakuummadrassen och scoopbåren för att ersätta dem med en ny produkt 

som fyller samma funktion? 
○ Fördelar (avseende ergonomi, patientsäkerhet och förvaring i ambulans) 
○ Nackdelar (avseende ergonomi, patientsäkerhet och förvaring i ambulans) 

 
● Har du stött på något/några problem vid spinal rörelsebegränsning av patient? 

○ Om ja, vad gällde det? (+ hur löstes problemet?) 
○ Om nej, vet du om någon kollega varit med om det och vad gällde det i så fall? (+ hur löstes 

problemet?) 
 

● Vad anser du är viktigt när man utför spinal rörelsebegränsning vid trauma? (Både för personal och 
vårdtagare, t.ex. ergonomisk, effektiv, snabbt, säkert). Rangordna.  

 
● Om du fick drömma, hur skulle du vilja utföra spinal rörelsebegränsning i framtiden? (snabbare, 

effektivare/lättare etc) 
 

Avslutning  
● Är det något du vill kommentera eller lägga till? Har du några tips när det kommer till när vi ska utveckla 

den nya produkten?  
● Är det okej om vi återkommer via mail om vi behöver något förtydligande?  
● Skulle du vara intresserad att vara med längre fram i processen för att utvärdera framtida koncept?  
● Tack för att du ställde upp! 

 

Appendices Appendix B: Interview form

Tillståndsblankett - intervju  
Den här intervjun kommer ligga till grund för ett examensarbete inom utbildningen 
civilingenjör teknisk design med inriktning produktdesign, vid Luleå Tekniska Universitet. 
Syftet med examensarbetet är att undersöka spinal rörelsebegränsning vid trauma inom 
prehospital akutsjukvård för att ta fram en ny teknik för detta med avseende på 
scoopbår/spineboard och vakuummadrass.  
 
Studiens resultat förväntas öka kunskap om de begränsningar personalen inom den 
prehospitala akutsjukvården upplever vid spinal rörelsebegränsning vid trauma. Det kan i sin 
tur leda till lösningar som effektiviserar deras arbete. Vi vill med studien kunna belysa 
faktorer som kan bidra till godare ergonomi för personalen. Det kan i sin tur leda till att de 
kan arbeta effektivare och på så vis förse vårdtagaren med en säker transport till sjukhuset.  
 
Vi är intresserade av att höra dina tankar och funderingar om dagens och framtidens spinala 
rörelsebegränsning vid trauma. Du som väljer att delta i studien kommer att få svara på 
frågor gällande din upplevelse av spinal rörelsebegränsning vid trauma med befintliga 
hjälpmedel. Deltagandet är frivilligt och du kan när som helst avbryta din medverkan utan att 
ange någon orsak. Du får också avgöra om du vill vara med på video (vi kan anpassa 
genom att filma enligt dina önskemål t.ex. bakifrån/händer/ta bort ansikte), foto, 
ljudinspelning samt om du vill vara anonym. 
 

Titel/arbetsroll: 
 

Huvudsakliga arbetsuppgifter:  
 

 
Härmed samtycker jag till att medverka i ovanstående studie. Jag har fått information 
om att deltagandet är frivilligt och att jag när som helst kan avbryta min medverkan 
utan att behöva ange någon speciell orsak.  

❏ JAG VILL VARA ANONYM 
Härmed samtycker jag till att finnas med på följande dokumentation för användning inom 
examensarbetet (kryssa i): 
❏ FOTO 
❏ VIDEO 
❏ LJUDINSPELNING 

Ort/datum: 
 

Namnteckning: 
 

Namnförtydligande: 
 



Appendix C: Template brainwriting and 
braindrawing (2-5-5). 
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ore 
tim

e-e�
cient?

H
ow

 can a m
edical 

device for SM
R be 

portable?

H
ow

 can a m
edical 

device for SM
R be space 

e�
cient in con�ned 

spaces? e.g. car/stair-
w

ells

H
ow

 can a m
edical 

device for SM
R be 

suitable for patients 
w

ith various anatom
y?

H
ow

 can a m
edical 

device for SM
R stabilise 

the neck, chest, and 
lum

bar spine?

Appendix D: Template morphological chart. 
M

ain body for 
transport

Pick up 
patient from

 
ground
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andles
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head/neck
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patient's 
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bulance 

Restraining 
system

Enable good 
com

fort for 
patient

Enable good 
hygiene

Adaptable to 
various ana-

tom
y
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Appendix F: Template two by two criteria 
weighting
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Appendix G: Template concept weighting 
matrix
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Appendix H: Result interviews, page 1/4

It works well in con�ned spaces, e.g. 
stairwells.

Risk of getting pressure sores. Max. 30 
minutes of transport. 

It can be experienced as wobbly because it 
is narrow.

Granules can be unevenly distributed.

Risk of pinching the patient.

It cannot be in a sitting position, a problem 
when it comes to patients with breathing 
issues. Hard to use when the patient lays on 
a soft surface.

It does not �t with straps in the car/risk of 
movement longitudinally. Time-consuming 
to use X-spider, and complicated with 
many steps. It works poorly during stress. It 
is sometimes excluded because of its 
time-consuming.

It requires external head support, such as 
head blocks.

It entails less movement of the patient's 
backbone when carrying the patient on 
the ScoopEXL.

It can be fastened to vehicles, e.g. terrain 
vehicles. Easy to lift patients in many 
di�erent situations (con�ned spaces, rural 
areas, etcetera) and positions, e.g. �oor, and 
windows. It also enables SMR from a 
standing position. 

Excellent grip on the stretcher when lifting. 
The mattress allows multiple carriers. 

The stretcher has fewer pressure points 
than a spine board which reduces the risk 
of pressure sores.

Enables the paramedics to scoop patients 
from the ground, and the use of log roll is 
reduced. Makes it possible to remove 
spider + stretcher in one step, without the 
need of removing the spider before. 

It can be adjusted longitudinally.

Narrow Unstable

Hard 

Leads cold

Sinks in 
water

Comfort for 
patient

Adaptable

Fastening 
device

No integra-
ted head 
support

Fastening 
device

Multi-
functional

Lift

Lightweigh-
ted

Cup-shape

Divisible

Adaptable

ScoopEXL

Appendix H: Result interviews, page 2/4

Dirt and body �uids such as blood and 
urine stay in the vacuum mattress. That 
makes it easy to clean, and the whole 
ambulance does not need to be cleaned. 

The mattress requires large storage spaces. It 
is challenging to get it in and out of the 
ambulance when it is packed. Many safety 
checks are skipped because of that. Unwieldy, 
when lifting a patient into the ambulance - it 
can touch equipment in the ambulance.

Leaks over time.

Granules can be unevenly distributed.

Hard to bring forth an arm to make controls 
of the patient's wellbeing such as intrave-
nous entries and to measure blood 
pressure.

The patient needs to be moved to the 
vacuum mattress, with the help of a scoop 
stretcher. Otherwise, a log roll is required, 
which can cause movement of the 
backbone, which may aggravate the 
patient’s condition.

It is not entirely sti� when lifting. It might 
look like a banana. Clumsy to lift.

The total weight of the ambulance is 
limited. 

Some patients are too long; their legs 
"stand out". It can be warm/sweaty/gall. It 
can be solved with a blanket between the 
legs.

Excellent grip on the mattress when lifting. 
The mattress allows multiple carriers. 

Isolation against cold. The mattress keeps 
the patient warm. 

It is durable, e.g. can be pulled down 
stairwells and on hard surfaces.

Not too uncomfortable for the patient 
when transferring them in con�ned 
surfaces.  Minimised risk for pressure sores.  
Usable device when performing SMR on 
patients with altered anatomy, e.g. 
kyphosis, bechterew or DISH. 

Easy to bring forth an arm to make controls 
of the patient's wellbeing such as intrave-
nous entries and to measure blood 
pressure.

Enables long transports and thereby 
transports in rural areas - minimised risk of 
pressure sores.

The patient lies more still than in a scoop 
stretcher. It enables various positions for 
the motion restricted patient, e.g. sitting. It 
is possible to perform SMR on the torso 
�rst, and then safe manoeuvres are possible 
if the patient, e.g. pukes. 

No head blocks are needed. It works well 
without a cervical collar.

Sanitary
Risk of 

puncture

Large

Requires a 
pump

Distribution 
of granules

Bad body 
access

Extra steps

Lift

Heavy

Comfort for 
patient

Lift

Floats in 
water

Isolation

Lightweigh-
ted

Durable

Comfort for 
patient

Good body 
access

Transport

Adaptable 
�xation

Integrated 
head 

support

Vacuum mattress



Appendix H: Result interviews, page 3/4

The stretcher has fewer pressure points 
than a spine board which reduces the risk 
of pressure sores.

It cannot be in a sitting position, a problem 
when it comes to patients with breathing 
issues. Hard to use when the patient lays on 
a soft surface. It cannot be adjusted 
longitudinally.

Heavy to carry.

Risk of getting pressure sores. Max. 30 
minutes of transport. 

Risk of pinching the patient. It cannot be 
adjusted in length, which has a negative 
e�ect when performing SMR on taller 
patients.

It does not �t with straps in the car/risk of 
movement longitudinally. Time-consuming 
to use X-spider, and complicated with 
many steps. It works poorly during stress. It 
is sometimes excluded because of its 
time-consuming.

It requires external head support, such as 
head blocks.

Enables the paramedics to scoop patients 
from the ground, and the use of log roll is 
reduced. 

It can be fastened to vehicles, e.g. terrain 
vehicles. Easy to lift patients in many 
di�erent situations (con�ned spaces, rural 
areas, etcetera) and positions, e.g. �oor, and 
windows. It also enables SMR from a 
standing position. 

Excellent grip on the stretcher when lifting. 
The mattress allows multiple carriers. 

It works well in con�ned spaces, e.g. 
stairwells.

It entails less movement of the patient's 
backbone when carrying the patient on 
the CombiCarrierII.

Cup-shape Adaptable 

Heavy

Hard 

Leads cold

Sinks in 
water

Comfort for 
patient

Fastening 
device

No integra-
ted head 
support

Divisible

Multi-
functional

Lift

Narrow

Fastening 
device

CombiCarrierII

Appendix H: Result interviews, page 4/4

It can be used for spinal and pelvis �xation, 
and it is possible to �xate in both sitting 
and lying positions. It is easy to use in 
con�ned spaces, e.g. vehicle extractions. It 
also works well on various body sizes, e.g. 
big, small, tall, etcetera. 

KED can a�ect the breathing, regarding 
compression on the chest. The leg straps 
can hurt on men. If the patient is moved 
from lying to sitting or vice versa, the straps 
can be tightened or loosened.

Hard to get it to sit well, includes many 
steps with many straps. Hard to slide down 
the back. 

It has limited head �xation and exposes the 
backbone when applying it. It does not 
motion restrict the legs.

If the patient has altered anatomy such as 
betcherew, kyphosis, or DISH, then it can be 
hard to perform a good �xation. It cannot 
be used when the patient has rib fractures, 
or for pelvis �xation. 

Handles enable grip on KED instead of the 
patient. 

It is easy to understand where the straps 
should be fastened because of colour-co-
ding. 

Adaptable Comfort for 
patient 

Complicated 

Limited 
�xation

Adaptable 

Lift

Lightweigh-
ted

Logical

KED



Appendix I: Result workshop
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Appendix J: Braindrawing/Brainwriting (2-5-
5), page 1/2

H
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 can SM
R be m

ore 
tim

e-e�
cient?

H
ow

 can a m
edical 

device for SM
R be 

portable?

H
ow

 can a m
edical 

device for SM
R be space 

e�
cient in con�ned 

spaces? E.g. car/stair-
w

ells

H
ow

 can a m
edical 

device for SM
R be 

suitable for patients 
w

ith di�erent anatom
y?

H
ow

 can a m
edical 

device for SM
R stabilise 

the neck, chest, and 
lum

bar spine?

Throw
 a ball that SM

R the 
patient.

The m
edical device is shaped 

like a suitcase that can be 
pulled on w

heels.

Adjustable in all directions.
Form

able blocks.
Pregnancy pillow

.

The patient falls safe to the ground.
Press a button to roll it out autom

atically.
It has buckles around.

You can stretch the m
aterial like an accordion and

it stays as you release it, both w
hen you enlarge it and

m
inim

ise it.

It has vacuum
 technology and air function, 

and you can choose w
hich one you think 

provides the best support for the patient. 
Straps are available for m

axim
um

 �xation.
.

String in betw
een w

hich stabilises and helps create
right shape.

Feathers that contributes to a bounce - then the 
patient is in the am

bulance.
The buckles can also be used to secure the patient. 
H

andles on bag = buckles around patient. The 
w

heels can be used to roll the patient.

You can stretch it into the body shape.
First string - then put on the cubes.

Carry bars at the bottom
 allow

s safe and stable 
carrying.

O
n a rail that leads into the am

bulance.
The m

ain handle is used to pull the patient to the
am

bulance. You can also push the handle dow
n, as on

a pallet pum
p to raise the patient.

Can be pasted around the patient for it to sit in place.
M

agnets helps.
”Bars” in �exible fabric m

aterial to create com
fort.

H
ow

 can this solution 
be developed 

not to collect dirt? 

Feels like a good
solution,

com
pliant and

adaptable.

H
ow

 do m
agnets

w
ork w

ith x-ray?
H

ow
 do you do

to paste it?

Feels innovative. 
H

ow
 can you 

m
ake it sim

ple?

Likes the idea that it 
is m

ultifunctional.

I like the thought of 
m

aking the m
edical 

device shapeable in 
di�erent w

ays. 

I like the idea of 
�nding an individu-

al form
 to w

ork 
from

.

Like the m
agnets,

can not be w
rong.

Com
m

ents/
thoughts and

questions
= som

ething I like
= �nal voting



H
ow

 can SM
R be m

ore 
tim

e-e�
cient?

H
ow

 can a m
edical 

device for SM
R be 

portable?

H
ow

 can a m
edical 

device for SM
R be space 

e�
cient in con�ned 

spaces? E.g. car/stair-
w

ells

H
ow

 can a m
edical 

device for SM
R be 

suitable for patients 
w

ith di�erent anatom
y?

H
ow

 can a m
edical 

device for SM
R stabilise 

the neck, chest, and 
lum

bar spine?

In�atable carrier

A
 sm

all stick/ruler that goes from
 neck to low

er back.

The scanner shapes itself around the problem
 area 

and perform
s the necessary SM

R itself.
Telescope solution, w

hich allow
s it to 

be com
pressed to a suitable size.

The belt is part of their usual w
ork clothes.

H
eated w

ith a button and cooled w
ith a button.

It can be rem
oved by rolling it together.

There is a soft and delicate coating that 
allow

s it to slide w
ell.

A
 scanner that scans the patient and �nd problem

 
areas. Provides info on how

 the patient shall be 
SM

R.

Autom
atic

Several joints that create opportunities to fold it in 
di�erent w

ays so that it can �t in several di�erent spaces. 
It can be hung, �xed on di�erent things/vehicles.

It can be in�ated w
ith air. W

hen the air is taken out, it 
becom

es �at and easy to roll up. It has parts that can be 
hooked into a belt (like a w

eight lifting belt). 

 The m
aterial is like m

em
ory foam

 and can be in�ated for 
m

axim
um

 support. It heats up, and w
hen cooled, it solidi�es 

in a position that �ts the patient's anatom
y.

Straps are attached m
anually around.

There's a hook you can hook into, police belt?
Lights red w

hen w
arm

 and o� w
hen cold.

The telescopic solution can be opened on the side 
w

ith a zipper to pull out a blanket that can be 
in�ated.

There are hooks in four directions that allow
 

the am
bulance sta� to lift on all four sides of 

the stretcher.

Lights red for w
hen it is not ready to be lifted 

and shines green w
hen it has solidi�ed and is 

prepared to be lifted.
It is rolled in w

ith the help of a crank.
The scanner can also send inform

ation directly to the 
hospital to stream

line their w
ork.

It can be enlarged/extended/shortened at the top, and the 
bottom

 can also be w
orn in that position.

Like the idea that it 
can be folded so 

that it �ts in several 
spaces.

Like the idea of 
  being com

pletely 
�at, like a yoga m

at.

H
ow

 should the bag 
w

ork w
ith existing 

bags?

Like the idea of 
  having an indica-

tion of w
hen it can 

be lifted and not.

Like the idea,
adds �exibility.

G
ood idea!

H
ow

 to m
aintain 

surface?

Com
m

ents/
thoughts and

questions
= som

ething I like
= �nal voting

Appendix J: Braindrawing/Brainwriting (2-5-
5), page 2/2

Weighs less
Scoop stretcher in carbon 

�bre.

Composite materials to
reduce weight.

Lift

Fabric sheet that follows 
the patient’s body. It can 

be used for SMR and 
moving patient to the 

stretcher in the emergency 
room. Ability to apply bars.

Would be good with 
something you can lift the 

patient with, which the 
patient can stay on.

Be able to put the patient in a 
basket, especially in urban 

environments.

Grip-friendly handles. It is 
di�cult to access the 

handles when carrying 
larger patients.

Develop attachment points on 
the KED for carrying bars.

Have the ability to lift the 
patient from above with 

tape or hooks.

Hooks to attach to clothes.

Better carrying possibilities 
on the vacuum mattress, 

e.g. attachable bars.

Handles that can be 
extended laterally in order 
not to get too close to the 

patient.

Combine the vacuum 
mattress with something 

to make it sti�er.

Built-in immobilisation 
equipment in the ambu-

lance stretcher. Push a 
button.

Small & �exible
Roll up support for legs 

inside the KED.
Make the vacuum mattress 
smaller and more �exible. 
Should be easier to get in 

and out from the ambulan-
ce.

Have the ability to 
assemble the vacuum 
mattress to the scoop 

stretcher.

Have separate sections 
with granules in the 

vacuum mattress. Perhaps 
it can ease the folding of it.

Have a scoop that is as 
small and �exible as the HS 

rescueboard. Which can 
also be adjusted longitudi-

nally, with a telescopic 
solution.

A scoop stretcher that can 
be split horizontally.

Longitudinally channels in 
the vacuum mattress. So 

that you can fold it better, 
then it may not need to be 

as wide as it currently is.

Make the vacuum mattress 
as small as possible, but 

still have the features.
Half vacuum mattress.

Find another solution 
regarding the outer edges of 

the vacuum mattress; it should 
not be as deep as it is today.

Comfort
Make the scoop stretcher 

soft with padding.

Make KED softer.

Make the scoop stretcher 
bendable. Would be 

valuable if the patient lays 
on uneven terrain, and you 
do not want to change the 

patient’s position.

The backplate on the scoop 
stretcher could be slidable. If 

the patient is in pain, it may be 
desirable that that part could 
be pushed under the patient

A mattress on the stretcher 
with gas that can be 

pumped, so that it shapes 
itself according to the 

patient's body.

Hygiene
Disposable materials, e.g. 

disposable X-spider.

Liquid repellent material 
on the X-spider.

Avoid materials with 
structure. Smooth surfaces 

are preferred.
Attachments in a material 
that is quick and easy to 
clean, to be able to skip 
the washing machine.

Usability
CombiCarrierII is slow to 

open and close.
Better ventilator on the 

vacuum mattress.
Colour-coded X-spider.

Be able to secure the 
scoop stretcher longitudi-
nally. Would like to have 
the belts fastened when 

turning the patient.

Adaptable to
various anatomy

All medical devices could 
be wider in the top, to 
better suit the widest 

patients.

It should be possible to 
adjust the CombiCarrierII 

longitudinally for taller 
patients. 

Make ScoopEXL even 
longer, for taller patients. 

Something that reminds 
the patients not to move 

their neck, since the 
cervical collar is removed.

Head support

Appendix K: Result cluster



Appendix L:  Result ideation based on clus-
ter, page 1/4

ADAPTABLE TO VARIOUS ANATOMY

Ha något som puttar på ”brädan” 
när du �yttar mellan lägena. Längst 
ut har den en längd på 210 cm för 
att passa längre patienter. 

Man kan haka på en 
förlängning på scoop-
båren för de med ben 
som är längre än 
scoopbåren.

Teleskopfunktion

Som bilbanorna man hade
när man var liten, som kunde svänga 
åt olika håll. Dessa svänger längs med kroppen. Spikmattan

En bår med �era 
rörliga leder. 

Den man hade när man
var liten, som formade sig
efter tex handen?

”Gorilla-pod” som formas
efter kroppen och stannar i olika 
lägen mha olika ”hack”.

Kulledsfunktion för att
medföra rörlighet och anpassning.

Legokuddar som byggs ihop 
med anpassning till patientens
anatomi. De är styva när man
bygger, sedan kan man trycka på
en knapp för att göra dem till
”memory-foam”.

Modulsystem av huvudstöd 
som kan väljas utifrån vilken 
patient man har, barn, kyfos etc. 

Fler leder, �er 
ställen där den 
kan gå sönder.

Svagare längst 
ut?

Förstår inte riktigt
puttar? Men om
det är att dra ut

känns det som en 
bra grej.

Känns fördelaktigt att
kunna bygga ihop

Känns fördelaktigt att
kunna bygga ihop

och att den
samtidigt kan svänga.

Kul idé!

Gillar
modulsystem.

COMFORT
Med inspiration från de nya 
solstolarna som man fyller 
med luft och sedan stänger 
igen. Fylla en påse som passar 
scoopbåren och sedan trär på 
den. 

Bubbelplast, engångsprodukt.

Blåses upp mha
vinden.

Scoop har en inbyggd tunn madrass
som man kan blåsa upp när patienten ligger på den.

Eftersom den innehåller luft
så formar den sig efter alla underlag.

Pumpa upp en madrass, tills den är i höjd 
med ambulansbåren och då kan patienten 
transporteras över till den och ligga mjukt. 
Det röda ska symbolisera glidsaken Erika 
transporterades över med i Solna. 

Patienten �yttas från backen mha rullar som gör att man enkelt
kan �ytta patienten.

Sprejar fogskum för
att stabilisera patient,
kan brytas loss som
ett gips efteråt.

Som man gör med en pallyft.

Bår i memory foam. 

Sack-o-säck, med typ 
sand eller material 
som får en kemisk 
reaktion som gör att 
det stelnar runt 
patienten.

Kuvös som fylls med vatten så
att patienten �yter upp från marken, 
blir skönt ombonad av vattnet.

Barnvagga för att
lugna ner patienten.

Gillar tanken på att 
slippa ha med extra 
grejer för att pumpa 

eller dylikt.

Kan man få ihop 
rullarna på något 

sätt, så att de sitter 
ihop?

Känns bekvämt.

Gillar tanken,
känns ergonomiskt.

Smidigt, lite
motstånd.

Utrymmes-
e�ektiv.

HEAD SUPPORT

Taggar som patienten sticker sig på om
hon/han lutar sig åt fel håll.

En rymdhjälm som 
lyser rött om man
rör sig fel. En plinga som plingar 

om patienten rör sig för 
mkt, för att påminna 
patienten om detta.

Likt hövding, något
som blåser upp sig 
runt huvudet. 

Något som formar sig runt 
huvudet som en nackkudde,
likt den man har när man �yger. 

Vikbar lösning, där du viker upp �ärpar, två på vardera sida. 
Front

Pinne som
stabiliserar.

Back

En hjälm som
rörelsebegränsar, kan spännas
med olika vreden.

Ett nät som
sätts runt
huvudet för
optimalt stöd,
kan blåsas upp.

Hur skulle det
kunna gå till?

Gillar tanken 
med att den spänns

med 2 vreden.

Inte så dumt,
ser lite galet ut.

Aj!

Kan bli smidigt.

HYGIENE

Glatt material som glider bra mot
patienten samt är vätskeavvisande.

Formspruta för att undvika kanter
i materialet.

Stuprännor i/på
produkten för att
föra bort vatten.

Rännor där vätskor
rinner iväg.

Rulla ut papper, likt de gör på 
vårdcentralen som man sedan bara 
kan kasta iväg. 

Spänner fast patienten 
med magneter istället för 
kardborre.

Ett spänne likt 
det här för att 
slippa kardborre. 

Man sprayar ett lager på hela
produkten som förseglar den, 
”vakuum” -täcke som skyddar.
Det tas av efter användning
och så är produkten ren.

Magneter integrerade
i produkten så att det är 
enkelt att torka av.

Båren består av pusselbi-
tar som kan kopplas ifrån 
varandra och tvättas 
separat, tål diskmaskin.

Engångssovsäck
som omsluter patienten
innan man lägger in 
han/hon i vakuum
eller scoop.

Dragkedja

Hur rengör man 
sedan rännorna?

Hur fungerar det 
med röntgen?

Bra om man
kan slippa kardborre.

Kan bli riktigt bra,
�nns det sådant?

Bra idé!

Appendix L:  Result ideation based on clus-
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Appendix L:  Result ideation based on clus-
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LIFT

Istället för att använda de vanliga 
handtagen på scoopbåren, kan man 
dra ut bärstänger när patienterna är 
extra stora. 

En från respektive
sida för god stabilitet.

Stång man kan trä varannan över/under
vid sidan om hjälpmedlet för att på så vis
kunna lyfta som en bår.

Dessa �ltar ligger under 
patienten när du kör SRB så 
att det bara är att lyfta över 
patienten med lyft vid 
ankomst till sjukhus. 
Förstärkt under nacke/rygg.  

Pinnarna träs
genom varannat
hål.

Personalen kan
enkelt bära med
handtagen på stängerna.

Enkel att klicka/docka
i för att kunna lyfta.

Grepp.

Finns hål i KED som 
man kan fästa 
bärstänger i. 

Remanordningen kan
sedan rullas ihop
för smidig förvaring.

Stängerna tas bort innan.

Här är handtagen som
man bär patienten med.

Vad händer med 
benen när man 

lyfter?
Kommer magneter-
na klara den vikten?

Inte så dumt, 
då �nns möjligheten

att bära patienten
som på en bår, kanske
kan benlappar rullas

ut för extra stöd?

Smidigt!

SMALL AND FLEXIBLE

En halv vakuummadrass, en arm i och en utanför,
båda kan vara utanför.

Inbyggt stöd för
benen som kan
rullas ut ur västen. 
Rullas in igen likt
regnskyddet i väskor.

Teleskoplösning, 
klicksystemet liknar 
en krycka. 

Delbar vertikalt och
horisontellt, dras åt mha
snören emellan.

Se till att den inte 
går så högt upp 
på kroppen, och 
att den inte 
behöver fällas 
upp på toppen 
av huvudet eller 
vid fotänden. Stabilitet ges istället genom att patienten sjunker 

ned i materialet.

Docking funktion för att sätta fast
vakuum på scoop. Vakuum + Scoop

fyrdelad.

Megneter som underlättar
fästningen.

Finns tre olika 
lägen, likt en stol 
utan ben, som har 
en mjuk vadde-
ring för överkrop-
pen, med integre-
rat huvudstöd. 

Hur kan man säkra 
stabiliteten för 

nacke och rygg?

Hur kan man säkra 
stabiliteten för 

benen?

Då kanske det
också är enkelt att

vända patienten om
patienten behöver

spy?

Ger god access
till kroppen.

Gillar detta, e�ektivt
sätt att packa undan.
Då är den inte i vägen
när den inte används.

Hur ska det
fungera?

Bra grej, kanske hålls
i sittande läge av sig

självt - som en
strandstol.

Kanske ha en kort bit
för rumpan som kan
hållas både rak och

vikt beroende på
vilket läge som passar 

patienten bäst.

USABILITY

Ljudfeedback när man stänger
spännena korrekt.

Vibrerar om man
gör fel.

Någon form av indikator 
som visar att man måste 
vara inom detta område för 
att de ska gå att sätta ihop.

Arbeta med färgkodning.

Ser ut som en jacka..
gör det enkelt att förstå
hur den ska sitta.

Integrerad produkt
i bilsätet. Blir som en spindel
runt kroppen när krocken sker.

Open Closed

Färkodning som visar om ventilen är öppen eller 
stängd. 

Symboler på materialet
vid ventilen samt ljudfeedback
om hur hårt den sitter och när
den sitter tillräckligt hårt.

Fastknäppen som gör att scoop-
båren är säkrad längsled, med en 
release-knapp som används i fall 
patienten behöver spy. 

Att göra spännen och 
liknande så att de bara 
går att koppla på ett 
sätt. 

Hur skulle man 
kunna få detta att 

fungera på ett 
portabelt hjälp-

medel?

Hur skulle man 
kunna få detta att 

fungera på ett 
portabelt hjälp-

medel?

Gillar tanken
men den känns

avancerad.

Det här är
sjukt bra.

Att ha ”självklar”
design.

Vibration kan vara
ett bra sätt att ge

feedback, vart
kommer strömmen

ifrån?

Enkelt, samtidigt
bra.

Det är en bra idé att
ha ett snabbt sätt

att ”releasa”.

WEIGH LESS

Flygande matta

Nätstruktur för att
minska materialåtgången.

En bår formad som en människa 
för att få ner materialåtgången. 

En bår med hål i.

Kol�ber stavar med en �lt emellan.

Enkel att spola av.

Hålen fungerar
också som fästen 
till bälten.

Bältena kan enkelt träs
genom och runt hålen
för att anpassas efter patientens
kroppsstorlek.

Badmadrass med uppblåsba-
ra kanter, med nät i mitten. 
Kudden kan formas efter 
huvudet. 

Kan man inklu-
dera hantagen i 

hålen också?

Känns som ett
bra sätt att kunna

anpassa till många
olika patienter.

Smidig och
enkel lösning.

Blir kanske mer
platse�ektiv?

Appendix L:  Result ideation based on clus-
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CONCEPT 2: Vacuum vest

Fold each side.

Hard surface for support, 
vacuum technology against back.

Straps to drag
patient in
con�ned areas,
e.g. stairwells.

Raise legs to roll out
leg-support if needed.

Handles

Head-support with
build-in vacuum pillow.

Straps and
zip-function
to tighten the vest.

Leg-support to 
enable movement
control of patient 
during transport.

Slide the vest
under the back.

Back Back

Attach to bag
with straps to
store and carry.

1.

2.

3.

1.

2.

Bars can be attached
to carry medical device
and patient as a 
stretcher.

CONCEPT 1: Lounger 

It can be adjusted 
in three di�erent 
positions. 

A wedge is making it 
easy to slide under.

MRP pillow 
(vacuum pillow)

Vacuum used to 
�xate chest and 
lumbar spine.

Slide the plate 
under the patient 
to assist when 
carrying and 
control the body 
position. 

Integrated sliding 
surface for easy 
application. 

The straps are 
fastened with a 
magnet in the 
middle.

It can be folded 
in itself, four 
times. 

Handles, four on 
each side. 

1.
 S

id
e 

vi
ew

2.

1.

3.

4.

1.

2.

3.

Appendix M: Result from concept develop-
ment, page 1/3

CONCEPT 3: The life jacket 
Handles for 
carrying. Holes for 

straps.

Soft material in 
memory foam.

Telescopic/Foldable

Divisible, which makes it 
possible to scoop the patient 
o� the ground.

Zipper to close it.

It can be carried 
as a backpack.

1.

2.

CONCEPT 4: Weightbelt carrier

Above Under

Foldable head
support.

Put the board inside
the straps on the 
vacuum mattress.

Straps to tighten
the vacuum mattress
to the scoop stretcher.

2. 3.Slide each side under
the patient.

Connect the two
pieces.

Attach the buckles.

4.

1.

Weight-belt carrying
system.

Appendix M:  Result from concept develop-
ment, page 2/3



CONCEPT 5:  The vacuum blanket Thin blanket with 
vacuum function. 

Drag function to pick up
from the ground.

Straps attached in girdle, 
pulled through blanket and 
back and snapped with a 
buckle.  

The girdle is put on when 
the patient sits up.

Vacuum-girdle for 
extra support.

For application 
roll blanket the 
other way for 
good neck-sup-
port.

Fold blanket around neck,
pick forth under arms.

Roll blanket
to store with straps 
on backpack.

1.

3.

2.

4.

Appendix M: Result from concept develop-
ment, page 3/3

Appendix N:  Result survey, page 1/3

Concept 1 is a developed KED, 
with better possibilities to 
place it behind the patient 
back. It has emerged that 
concept 1 ful�ls a need that 
does not exist. A recurring 
factor is that it is limited to the 
upper body, which can cause 
movements in the back. It also 
requires the ambulance 
stretcher nearby, although it is 
an excellent medical device 
because the patient can be 
involved in the SMR. 

Vacuum around upper body

Anatomically adaptable

Space e�cient 

Easy to use 

Enables fast extractions 

Comfortable 

Multiple �eld of application 
 

Advantages

Straps between legs 

Strap around forehead 

Small elevation for neck, better support 

Colour-coded straps 

Simple velcro fasteners

Fixation points in the front of the vest

Extension for the legs

Improvement proposals

Patient can slip out

Magnetic lock (pacemaker & ICD)  

Not full SMR 

The legs hang loose 

Hard to place a plate under patient

Vacuum around stomach, discomfort 

Disadvantages

Do you think the concept meets the 
new national guidelines for SMR?

No

Do not know

Yes/Partly 

CONCEPT 1 

”

”

I believe in the combina-
tion of a hard backplate, 
with the properties from 
the KED and the vacuum 
mattress, and a seat plate.

+ -

No

Do not know

Yes/Partly 

Concept 2 seems like a �exible 
solution that allows multiple 
ways to handle the patient. A 
recurring factor is the hand-
ling of the equipment; it is to 
many steps before the patient 
is SMR. There were diverse 
opinions when it came to the 
size; it is both big and clumsy, 
and small and �exible. 
Although, it seems like it is 
desired to have the possibility 
to use leg-support. 

Full SMR 

Multiple carrying possibilities 

Anatomically adaptable 

Space e�cient 

Light 

Roll out support for lower body

 

Advantages

More support for shoulders

More support on the sides 

Simplify loops and rods

Fixed handles on the vest

Less straps

Improvement proposals

Not adjustable in length 

Hard to place under patient 

Zipper 

Big and clumsy 

Di�culties placing the rods in the loops

Time-consuming 

Hygenic 

Disadvantages

Do you think the concept meets the 
new national guidelines for SMR?

CONCEPT 2 

”

”

I like that the concept 
gives many possibilities, 
and it seems more useful 
and ergonomic than the 
spine board. 

+ -



No

Do not know

Yes/Partly 

Concept 3 seems simple and 
easy to use, and it is advanta-
geous with the scoop 
function. It is noticeable that it 
is desirable to have a �exible 
way to carry the equipment. It 
was found that the support 
for the head/neck is limited 
and that it is desirable with 
support for the whole body to 
avoid movements in the 
spine.

Scoop function 

Fast 

Easy 

Flexible 

Easy to carry

Anatomically adaptable

Advantages

Fixate head/neck, e.g. straps   

Adaptation to the spine 

Leg support 

Improvement proposals

Limited head/neck support 

The legs hang loose

Zipper

Hard surface  

Vest complicated in con�ned spaces 

Does not follow the anatomy of the spine

Disadvantages

Do you think the concept meets the 
new national guidelines for SMR?

CONCEPT 3 

”

”

I think it appears to be 
quick and easy to use, 
but also comfortable for 
the patient.

+ -

No

Do not know

Yes/Partly 

Concept 4 stands out in the 
aspect that it seems stable 
and secure. It has also 
emerged that this combina-
tion has been requested along 
with the paramedics. The 
negative aspects regarding 
the concept are that it seems 
time-consuming with the 
extra step before application, 
although it is appreciated that 
it seems more space-e�cient. 

Full SMR

Combination of scoop and vacuum 

Safe 

Stabile 

Scoop function 

Carrying belt 

Enables safe manoeuvres 

Advantages

Better body access

Allows multiple carriers 

Improvement proposals

Time-consuming 

Carrying belt 

Body access

Big and clumsy 

Hard to scoop with vacuum on top

Con�ned spaces 

Disadvantages

Do you think the concept meets the 
new national guidelines for SMR?

CONCEPT 4 

”

”

One concept replaces 
two others without 
sacri�cing function. 
There is no need to 
choose between simpli-
city or function.

+ -

Appendix N:  Result survey, page 2/3

No

Do not know

Yes/Partly 

Concept 5 seems to be quick and 
straightforward to use, as well as 
easy to carry. There are concerns 
whether it should be used when 
there is a strong suspicion of 
spinal injury, but that it could be 
used as a supplement to other 
medical devices when there is a 
real hurry or if there is no trauma 
behind. It has also been mentio-
ned that it can be used if the 
patient is not motorial worried, 
and that the patient can partici-
pate in SMR.

Easy 

Flexible 

Fast 

Con�ned surfaces 

Space e�cient 

Cheap
 

Advantages

More stable for neck and body 

Carrying possibilities 

Improvement proposals

Around neck 

Instabile 

Feeling of strangulation

Carrying possibilities 

Complicated 

Not full SMR

Limited to a sitting patient 

Disadvantages

Do you think the concept meets the 
new national guidelines for SMR?

CONCEPT 5 

”

”

I think it seems easy to 
bring. Better than nothing. 
Manageable in con�ned 
spaces. Use until adequate 
immobilisation is possible. 
Works if the patient can 
reach the stretcher for his 
machine.

+ -

Appendix N:  Result survey, page 3/3



Appendix O:  Result of the two by two crite-
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Step 1
Apply the vest to each side of the
scoop strethcer.

Step 2
Scoop up the patient.

The straps are 
welded on the 
back.

The vest is 
docked in the 
scoop stretcher 
(Step 1).

Step 3
Fasten and tighten the straps around the patient and to the scoop stretcher.
The straps are thread through the scoop stretcher. De�ate the vest.

The patient is fastened with a 
four-point belt. The belts are 
fastened in one point in the 
middle.

Integrated head 
support (MRP).

The straps are crossed over the 
pelvis for good stabilisation. 

Front Back

Appendix Q: Description of final lo-fi proto-
types, page 1/2

Step 1
Lay out the vest and its straps
to the sides.

Step 2
Attach the two pieces with the attachment device, the U-shaped
clamp. Insert fully.

Insert fully by 
sliding the 
U-shaped attach-
ment device in the 
rails of the vest.

Slide in the vest behind the 
patients back, from the side 
or above.

Step 3
Place the vest behind the patients back. Fasten and tighten the straps around the patient. 
De�ate the vest.

Integrated head 
support (MRP).

The patient is fastened 
with a four-point belt. The 
belts are fastened in one 
point in the middle.

The straps are wrapped 
around each leg. The 
straps are padded for 
better comfort.

FrontBack

Appendix Q: Description of final lo-fi proto-
types, page 2/2



Appendix R: Feedback lo-fi prototype, page 
1/2

Vacuum vest + Scoop stretcher

Step 1
Apply the vest to each side of the
scoop strethcer.

Step 2
Scoop up the patient.

The straps are 
welded on the 
back.

The vest is 
docked in the 
scoop stretcher 
(Step 1).

Step 3
Fasten and tighten the straps around the patient and to the scoop stretcher.
The straps are thread through the scoop stretcher. De�ate the vest.

The patient is fastened with a 
four-point belt. The belts are 
fastened in one point in the 
middle.

Integrated head 
support (MRP).

The straps are crossed over the 
pelvis for good stabilisation. 

Front Back

It would be bene�cial 
if the belt was crossed 
over the chest, as on 
the Pensi stretcher.

Opportunities 
& advantages

Limitations & 
disadvantages

Numbers on the straps 
that clearly indicates in 
what order the straps 
should be fastened.

You would probably 
not use the combina-

tion as often as the 
vest function.

You do not have to 
use the X-spider.

How to prevent the patients 
from raising their head? Can 

straps be integrated to 
prevent this?

How will the padded straps 
behave when using the 

product together with the 
scoop stretcher?

A strap would be needed to 
secure the legs.

I like the opportunity 
to split the vest to use 

it together with the 
scoop stretcher.

You can integrate a hard 
plate into the bottom, for 

better stability.

You can integrate a Pelvic 
sling. It is a separate strap 

that is used to contract the 
pelvis to reduce bleeding.

The belts could be like a 
rally driver. So that each 

strap can be removed one 
by one, take inspiration 

from Pensi.

Is the headrest divided 
into two parts, how will 

the support between the 
parts be?

Good that the product is an 
addition to what is available today.

I don't think it matters that 
it needs to be pumped 

into two parts.

There may be a medical advantage 
in keeping the gap-free between 

the scoop stretcher's parts. The gap 
may be used for examination of the 

spine.

Appendix R: Feedback lo-fi prototype, page 
2/2

Vacuum vest

Step 1
Lay out the vest and its straps
to the sides.

Step 2
Attach the two pieces with the attachment device, the U-shaped
clamp. Insert fully.

Insert fully by 
sliding the 
U-shaped attach-
ment device in the 
rails of the vest.

Slide in the vest behind the 
patients back, from the side 
or above.

Step 3
Place the vest behind the patients back. Fasten and tighten the straps around the patient. 
De�ate the vest.

Integrated head 
support (MRP).

The patient is fastened 
with a four-point belt. The 
belts are fastened in one 
point in the middle.

The straps are wrapped 
around each leg. The 
straps are padded for 
better comfort.

FrontBack

Move the attachments to the 
straps further in towards the 
center of the spine to enable 

adjustment to a wider range of 
patients.

Opportunities 
& advantages

Limitations & 
disadvantages

An extra strap may be 
needed here in 

between to hold the 
girdle together.

Add vertical channels with 
granules. Maybe just have 

granules in the middle of the 
vest and have harder vertical 
channels in the girdle-part.

It could de�nitely 
replace K.E.D.

Vacuum technology works very 
well when performing motion 

restriction and is possible to adapt 
to di�erent body shapes, and 

various anatomy.

Good complement to the vacuum 
mattress. Would feel great to avoid 

pulling out the entire vacuum 
mattress when you do not need to 

motion restrict the entire body.

Good adaptability to 
di�erent body shapes.

Ability to perform SMR
on children.

Granules in the form of a 
grid, like a checkboard. 

Then you prevent it from 
falling to the bottom 

when applying the vest.

If the bottom is shaped like 
a V or Y it will be easier to 
slide it down behind the 

patient.

A zipper might work to attach 
them to each other. 

Is it possible to 
motion restrict 

someone in lateral 
position?

Vacuum is good in hypother-
mia, evaporation stops. Thus, 

it maintains the patient's body 
temperature well.

There may be a risk of 
tractions in the spine 
without leg support.



Appendix S: 2D drawing Appendix T: Correct use of final concept

10. The vest is cleaned by the user and 
placed in the ambulance storage space

1. Get the equipment from the ambulance 
and carry it to the patient
2. Unpack it 
3. Preparation of equipment 

4.1 Picking up patient from ground 
4.1.1 Gently move the patient to a sitting 
position 
4.1.2 Lift the vest and apply it from behind 
to the patient's back 

4.2 Vehicle extrication 
4.2.1 Gently tilt the patient forward
4.2.2 Slide down the vest behind the back 

5. Adjust its position 
6. Attach the buckles and tighten the straps 
7. Tighten all the straps one last time and 
ensure that it sits well 
8. Bring forth the pump and use it to create 
a vacuum

9.2 Lift patient with the handles on the 
side of the vest 
9.2.1 Use a sliding plate to move to the 
ambulance stretcher 
9.2.2 Lift to scoop stretcher and reattach 
straps to it 
9.2.3 Lift directly to ambulance stretcher

9.1 Assist patient to own extrication 



Appendix U: Mapping of hazards

Hazard Use scenario Harm UI Risk control measure

 

Extensive force 

Sharp edges 

Extensive force

Patient slides down or falls 
out.

Excessive force

Excessive force, or 
time-stained

Patient falls to the ground.

Incorrect cleaning 

Extensive force

Step 1. When the equipme-
nt is pulled out from the 
ambulance storage space, 
it can be torn apart. 

Step 3, 4.1, 4.2 Sharp edges 
on ground or environment 
around the patient can 
cause damage to the 
equipment. 

Step 6. When the buckles 
are being attached, there is 
an signi�cant force applied 
to the buckles. The buckle 
can break. 

Step 7. When tightening 
the straps, they are not 
tightened enough.

Step 7. When tightening 
the straps, they are tighte-
ned too much. 

Step 8. When vacuum 
should be created, the 
pump is not working due 
to omitted routine checks 
of equipment or negligen-
ce.

Step 9.2 When the patient 
is being lifted, the user 
loses the grip. 

Step 10. After the patient 
has been dropped o� at 
the hospital, the equipme-
nt is not cleaned correctly.  

Step 10. When the equip-
ment is placed back in the 
ambulance storage space, 
by force, it can lead to it 
being damaged.

Damage to property 

Damage to property

Damage to property

The patient may su�er 
further damage.

The patient may su�er pain 
and breathing issues

The product becomes 
unusable, and the patient 
cannot be �xated.

The patient may su�er 
further damage.

If the equipment is not 
cleaned correctly, it can 
lead to the spreading of 
diseases. 

Damage to property

A storage bag

Repair kit 

Few moving parts 

Vacuum technology in 
combination with the 
straps around head, torso, 
and legs.

Communication with 
patient 

Continuous safety checks 
of the equipment. 

Strategic placement of 
handles according to the 
user's wishes, the four 
handles, allows multiple 
carriers.

Chemical-resistant materi-
als and seams and cavities 
are minimised.  Recom-
mendation: Cleaning 
instructions 

A storage bag

Appendix V: Result from usability evalua-
tion, page 1/2

Task/correct use 
Perception error

Cognitive error
Action error

U
I risk control

1
Step 3. Preparation of 
equipm

ent

Step 4.1.2 and 4.2.2. Apply 
the equipm

ent behind the 
patient's back 

Step 5. Adjust its position  

Step 6. Attach the buckles 
and tighten the straps 

Straps w
ith num

ber 2

H
ead strap

Straps w
ith num

ber 4

Step 7. Tighten all the 
straps one last tim

e and 
ensure it �ts w

ell

Cannot see w
hich w

ay it is 
supposed to be applicated

Cannot see any size 
inform

ation

Cannot see how
 the 

buckles should be attached

Inability to separate the 
colours red and green, due 
to colour-blindness

Cannot see that the straps 
should be crossed

Cannot see w
here the head 

strap should be placed in 
the forehead

Cannot see how
 they 

should be w
rapped around 

legs

Cannot see how
 m

uch the 
straps should be tightened

Forgets to distribute 
granules 

Forgets to attach all 
buckles

Forgets to cross the straps 
over the chest

Forgets how
 the straps 

should be w
rapped around 

legs

Applies it upside dow
n 

Applies it on a too 
tall/short patient 

The straps are not correctly 
attached

The straps are not crossed

The head strap is not 
appropriately placed in the 
forehead.

The straps are w
rapped 

around the legs in the 
w

rong w
ay

The straps are too tight or 
too loose

G
rid sections to prevent 

uneven distribution

The product rem
inds of the 

hum
an body, w

hich should 
guide the user on how

 to 
apply it

Recom
m

endation: Adjusta-
ble head support. Inform

a-
tion about size interval

Straps are colour-coded 
and equipped w

ith 
num

bers to prevent any 
user errors. Feedback in the 
form

 of a click sound

Red and green are on the 
opposite side, and 
num

bers

The solution is colour-co-
ded, and w

orks even if they 
are not crossed, although it 
is not preferred 

The solution allow
s 

custom
ised placem

ent and 
tightening of the head 
strap

Recom
m

endation: Illustra-
tive instruction and 
education

Experience and com
m

uni-
cation 



Appendix V: Result from usability evalua-
tion, page 2/2

Task/correct use 
Perception error

Cognitive error
Action error

U
I risk control

Step 8. Bring forth the 
pum

p and use it to create a 
vacuum

Step 9.2. Lift patient w
ith 

the handles on the side of 
the vest 

Step 9.2.2.  Lift to scoop 
stretcher and reattach the 
straps to it

Step 10. The vest is 
cleaned by the user and 
placed in the am

bulance 
storage space
  

Cannot see the handles

Cannot see the holes 
w

here the straps should be 
attached to the scoop 
stretcher, due to large 
patient

Cannot see the dirt 

Forgets the pum
p 

M
isunderstands how

 clean 
the equipm

ent needs to be 
for the next patient and 
w

hat detergent to use

It is not possible to create a 
vacuum

Lim
ited access and cannot 

reach the handles. The 
param

edic are forced to 
im

provise

It is not possible to 
reattach the straps to the 
scoop stretcher

The equipm
ent is not clean 

enough

Recom
m

endation: Integra-
te the pum

p in the equip-
m

ent 

Recom
m

endation: Look 
over the placem

ent and 
accessibility  even on a 
larger patient

The straps position 
m

atches the holes at the 
ScoopEXL. Recom

m
enda-

tion: Look at the com
pati-

bility due to other scoop 
stretchers

Chem
ical-resistant m

ateri-
als and seam

s and cavities 
are m

inim
ised.  Recom

-
m

endations: Cleaning 
instructions

2
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