
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exoskeleton  

Exploration 

Research, development, and applicability of industrial 

exoskeletons in the automotive industry 

 



 

 

 

This exam work has been carried out at the School of Engineering in Jönköping in the 

subject area Production system with a specialization in production development and 

management. The work is a part of the Master of Science program.  

The authors take full responsibility for opinions, conclusions and findings presented. 

 

Examiner: Johan Karltun 

 

Supervisor: Vanajah Siva Subramaniam 

 

Scope: 30 credits (second cycle) 

 

Date: 2018-06-11 

 

 

PAPER WITHIN Production systems 

AUTHOR: Jacob Wesslén 

JÖNKÖPING June 2018 

 



Abstract 

 

 

Abstract 

The purpose of this thesis is to explore the subject of industrial exoskeleton in accord-

ance to the applicability of the technology preventing musculoskeletal disorders 

within the automotive industry. The modern technology of exoskeletons has a limited 

field of research and knowledge and is in need to be studied to provide organisations 

with proper findings for understanding the applicability of the technology. In the auto-

motive industry musculoskeletal disorders (MSDs) is one of the most common disor-

ders among employees and industries work constantly to decrease and prevent MSDs 

within their work environments. By conducting literature reviews, the status of exo-

skeleton research and development concluded that academic research mostly focuses 

on technological development of exoskeletons, and not laboratory and/or field testing 

of currently available industrial exoskeletons. However, through database and website 

searches, twenty-four available industrial exoskeletons were identified which could be 

applicable within the automotive industry. Through literature and a case illustration, a 

number of potential causes for MSDs within the automotive industry were identified 

and a framework was developed in order to match appropriate available industrial ex-

oskeleton to be used in potentially preventing common MSDs. The discussion of the 

thesis highlights the benefits and challenges of implementing an industrial exoskele-

ton within an industry. Proper research on the currently available industrial exoskele-

tons is lacking and creates questions of reliability for the technology. However, devel-

opment of industrial exoskeletons have shown to focus on prevention of the most 

common causes of MSDs within industries in their design and development, making 

the applicability of industrial exoskeletons highly possible.  

Keywords 

Manual handling, assistive device, work environment, ergonomics, strain injuries, ro-

botics. 
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1 Introduction 

The introduction introduces the background of the thesis, followed by the problem de-

scription, research questions, and delimitations. The chapter ends with an outline of 

the continuing chapters of the thesis. 

1.1 Background 

Industrialization dates back thousands of years to the ancient production of weapons 

where craftsmen were hired and coordinated from tradesmen freely. These craftsmen 

possessed their own methods, tools, and equipment when making their products 

(weapons) by hand. It took as long as the 19th century for the factory systems we 

know today to be introduced and was part of what is now called the industrial revolu-

tion. During the industrial revolution, standardization and the introduction of inter-

changeable parts laid the way for mass production of products (Bellgran & Säfsten 

2010). With mass production, industries grew and had vast workforces, one example 

is Albert Popes Hartford Bicycle Company in the 1890s which had up to 3400 people 

working in manufacturing in some periods of high demand (Norcliffe 1997). In the 

beginning of the 1900s, Ford motor company was a key contributor in development of 

mass production by introducing the assembly line at its Highland Park plant (Wilson 

& McKinlay 2010; Weber 2013). Wilson & McKinlay (2010), and Weber (2013) also 

states that by moving the chassis of the T-Ford through different stations where work-

ers could in a sequence assemble different components, the productivity of the work-

ers was increased, production time decreased, and production quantity increased. 

Mass production and the assembly line introduced the cooperation of automation and 

manual labour, which in the UK during 1960s sparked an interest in researching job 

satisfaction (Waterson & Eason 2009). The author’s state that workers within manu-

facturing showed low job satisfaction due to the repetitiveness of their jobs within in-

dustries, which created a poor work climate. From there a new focus emerged in ergo-

nomics and the system perspective, where the understanding of the human-technology 

relations and organizational influences were major concepts (Karltun, Karltun, Ber-

glund, & Eklund 2016). Merriam-Webster defines ergonomics as “an applied science 

concerned with designing and arranging things people use so that the people and 

things interact most efficiently and safely — called also biotechnology, human engi-

neering, human factors” (Merriam-Webster 2018). In Sweden companies are required 

by the Swedish work environment act to prevent accidents, injuries, and other ill-

nesses in the work place (Swedish work environment authority 2017). Carrivick et al. 

(2005) states that one third of most cases concerning work-related injuries without fa-

tality involves manual handling. They describe manual handling as using physical 

force to do various tasks, such as lifting, carrying, pushing, or pulling. Bohgard 

(2009) explains that during manual tasks, which expose the human body to repetitive 

loads, there is a high risk of causing strain injuries. The author compare strain injuries 

with musculoskeletal disorders (MSDs), which is various injuries caused by repetitive 

loads exposed to the human body, and can also be referred to as CTDs (Cumulative 
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Trauma Disorders). Work related MSDs not only occurs due to repetitive manual han-

dling of loads but also awkward movements and positions during work tasks (Euro-

pean Agency for Safety and Health at Work, n.d.). One industry facing high amounts 

of MSDs is the automotive industry, which between the years 2009 to 2013 had the 

highest number of work-related diseases caused by load handling, in Sweden (Fergu-

son et al. 2011; Swedish work environment authority 2014). One solution introduced 

in the automotive industry to reduce injuries is the vehicle tilting device, making it 

possible for the vehicle to rotate, tilt, lower, and rise, so that workers can perform 

tasks in better more ergonomically (Ferguson et al. 2011). In 1985 Volvo developed a 

new manufacturing plant in Uddevalla, Sweden, and introduced the new usage of a 

tilting device and following that, reported multiple decreases of bodily injuries (Kade-

fors, Engström, Petzäll, & Sundström 1996). Looking forward into new technological 

solutions to aid workers in manual handling and preventing injuries, the subject of ex-

oskeleton has become relevant. Exoskeletons are wearable mechanical suits intended 

to give users extra strength, increased endurance for repetitive tasks, and enabled mo-

bility (Wang et al. 2017). Exoskeleton concepts can be traced back to 1890 when Rus-

sian inventor Nicholas Yang patented an “apparatus for facilitating walking, running, 

and jumping”, pictured in figure 1, which used bow-like placements on the side of the 

legs with springs, intended to decrease fatigue for the wearer. In the 1960s, a proto-

type of an industrial exoskeleton was developed named “Hardiman”, pictured in fig-

ure 2, which was a large powered wearable machine intended to give extended full 

body strength to the user, but the Hardiman was not successful as it was quite 

challenging to use it and never actually operated by a human (Dollar, & Herr 2018).  

 

Industrial usage of exoskeletons is not very typical, but one such is Ford motor com-

pany’s Northern American facilities which has introduced EksoVest and recorded up 

to 83 % decrease during a full year data collections of injuries that caused individuals 

to be away from the job (Ford media center 2017). 

Figure 2: Hardiman. Retrieved 

from Dollar & Herr (2018) 

Figure 1: Yangs patented apparatus. 

Retrieved from Yang (1890) 
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1.2 Problem description 

Musculoskeletal disorders is one of the most common injury classifications within the 

automotive industry and companies have been successful in preventing injuries with 

the latest technologies. The new technology exoskeleton is not commonly applied or 

researched in the manufacturing industries today. Hence, creating a need to study exo-

skeletons in accordance to the manufacturing industry in order to further understand 

its applications, and analyse the benefits and challenges. 

1.3 Purpose and research questions 

The purpose of the thesis is to explore the current state of research and development 

of the exoskeleton technology, and identify the appropriate applications in the auto-

motive industry in tackling the high-risk injuries. The thesis will also aim to present 

the benefits and challenges of implementing the use of exoskeletons in industries. 

Four research questions have been established: 

1. RQ1: What is the status of industrial exoskeleton technology? 

The first research question is intended to explore current research in order to establish 

the theoretical background of this thesis, as well as to categorize the existing technol-

ogies. In doing so, the application of the technology in industries is identified.  

2. RQ2: What are the causes for musculoskeletal disorders in the automotive in-
dustry? 

The second research question will use both theoretical and empirical data to investi-

gate what the causes for musculoskeletal disorders in the automotive industry are. The 

aim here is to identify causes in order to proceed to the third research question. 

3. RQ3: What type of industrial exoskeleton technology is suitable for the auto-
motive industry? 

The third research question is aimed at combining the findings of previous questions 

to determine the suitable type of exoskeleton applicable to the automotive industry in 

order to prevent MSDs. However, with a technological solution comes both benefits 

and challenges, which is the basis for the final research question. 

4. RQ4: What are the benefits and challenges of the use of industrial exoskele-
tons for employees and manufacturers? 

1.4 Delimitations 

This study comes with a few delimitations. Based on the purpose of the thesis, this 

study is focused on the application of exoskeletons in industries, and therefore will 

not include the principles of the technology itself. The main focus in the thesis is in-

dustrial usage of exoskeletons, which means the thesis will not investigate other usage 

areas. However, some degree of theoretical background regarding other usage areas 

will be used.  

The main manufacturing industry in focus in the thesis is the automotive industry, au-

tomotive industry meaning motor vehicle manufacturing. However, exoskeleton re-
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search is limited in general and relatively new, therefore the thesis shall explore appli-

cations of industrial exoskeletons in various industries in order to understand the dif-

ferent types of industrial exoskeletons available.  

Due to the newness of exoskeleton technology the possibility of exploring actual 

hands-on examples of the product may be limited or not possible. 

1.5 Outline 

Chapter 2 presents the theoretical background regarding exoskeleton technology, fol-

lowing with definition and classifications of exoskeletons and examples of research 

regarding industrial exoskeletons, and ends with available on-the-market industrial 

exoskeletons. Also, the chapter contains the theoretical background regarding muscu-

loskeletal disorders, the definition and common statistics of MSDs in Swedish indus-

tries, and research regarding MSDs within the automotive industry. 

Chapter 3 presents the method and implementation of the thesis. First, the chosen re-

search approach is presented, followed by the research process and the in depth expla-

nation of method and techniques of literature reviews and data collection. Also, the in-

tended method of analysis and discussion of the thesis findings is presented, and ends 

with a view regarding reliability and validity of the thesis. 

Chapter 4 presents the findings and analysis of the theoretical background and data 

collection. First, the results from the literature reviews of exoskeleton technology is 

presented, followed by a framework of identified on-the-market exoskeletons and 

analysis of those findings, followed by the findings and analysis of MSDs within the 

automotive industry. The findings from the organisation case illustration is thereafter 

presented, and the chapter ends with the framework established for MSD causes and 

possible exoskeleton solutions. 

Chapter 5 presents the discussion and conclusion of the thesis, starting first with the 

discussion of method, including research approach and process, and methods and 

techniques of literature searches and data collection. The second part of the chapter is 

the discussion of findings, which aims at revisiting the purpose and aim of the thesis 

and answer the research questions by using the findings in the thesis. The conclusion 

aims to summarize the content of the thesis and present final words from the author. 
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2 Theoretical background 

The theoretical background will consist of two subject areas, exoskeleton technology, 

with categorizations and current research and technologies, and musculoskeletal dis-

orders in the automotive industry, with its definition, and research in the industry. 

2.1 Exoskeleton technology 

Wang et al. (2017) describes exoskeletons as “assistive wearable robotics” which is 

intended to apply mechanical power by attaching the device to an individual’s body. 

Looze et al. (2016) similarly describes exoskeletons as a “wearable, external mechan-

ical structure” intended to increase a user’s physical performance. Both authors char-

acterize exoskeletons in two categories; active and passive. Active exoskeletons is ex-

plained as using a power source of some kind, such as motors, hydraulics, or pneu-

matics, to move the exoskeletons parts in conjunction with the user. Passive exoskele-

tons is described as using non-powered options, such as springs and dampers, to aid 

the user’s motions and posture. Wang et al. (2017) and Looze et al. (2016) both fur-

ther categorize exoskeletons in three different categories depending on what part of 

the body the exoskeleton is intended to aid. They categorize; upper body (also known 

as upper limb) which is exoskeletons for the arms, shoulders, or back, lower body 

(also known as lower limb) which is exoskeletons for the legs, or full body exoskele-

tons, which combines upper body and lower body functions for an exoskeleton. 

One of the most common usage areas for exoskeleton is within rehabilitation and as a 

medical assistant for elderly or paralyzed people. One example is Japanese company 

Cyberdyne’s HAL (Hybrid Assistive Limb) active lower limb exoskeleton for medical 

use, which is intended for people with lower limb disorders (Cyberdyne n.d.). Jansen 

et al. (2018) conducted a study to investigate the implied improvement capabilities the 

HAL lower limb exoskeleton could have on patients with critical spinal cord injuries 

(SCI). The results of the study showed that patients using the exoskeleton during loco-

motion training improved walking according to distance and speed.   

2.1.1 Recent industrial exoskeleton research 

Spada et al. (2017) mentions multiple exoskeletons intended for industries or other 

physically demanding work areas, those exoskeletons are the PLAD (Personal Lift 

Assist Device), the Happyback, The Bendezy, the BNDR (Bending Non-demand re-

turn), and the Laevo (elaborated on in section 2.1.2.1). However, only the Laevo is 

commercially available today (Laevo n.d.). De Looze et al. (2016) through an elec-

tronic literature search identified 26 different exoskeletons supposed to be intended 

for industrial use. Among the 26 exoskeletons four are the same exoskeletons men-

tioned by Spada et al. (2017), the PLAD, the Happyback, the Bendezy, & the BNDR. 

The rest of the exoskeletons identified by De Looze et al. (2016) are either just devel-

opment projects or not commercially available today. One exoskeleton identified was 

a version of the HAL, called HAL-5, which is a full body exoskeleton which today is 
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not available, but other versions of HAL for non-medical applications are available 

(Cyberdyne, n.d.).  

2.1.2 Available industrial exoskeleton technology 

The following sub-chapters are various identified on-the-market exoskeleton technol-

ogies available today and relevant existing research.  

2.1.2.1 Levitate Airframe 

The levitate exoskeleton, also known as the Airframe, from Levitate technologies Inc. 

is a lightweight passive exoskeleton intended to relieve the stress of static tasks per-

formed with elevated arms, as well as tasks requiring repetitive arm motions (Levitate 

Technologies, n.d.). On their website, Levitate Technologies explains that the Air-

frame transfers the users own arm weight from the 

upper portion of the body (the shoulders, neck, 

and back) to the user’s body core. The specifica-

tions on their website states that the Airframe low-

ers exertion levels up to 80 %, boosts productivity, 

improves working quality by reducing muscle 

stress and fatigue, and limits exposure to musculo-

skeletal disorders. Pictured in figure 3, the Levi-

tate airframe is worn on the upper body with 

shoulder padding and straps around the waist, with 

attachments from the shoulder intended for the up-

per arms. 

Spada et al. (2017) performed a study on the levi-

tate exoskeleton to investigate how applicable the 

exoskeleton was for the automotive industry. 

Three tasks were performed by 29 operators with-

out and with the Levitate exoskeleton, one static holding task, one repetitive manual 

handling task, and one precision task. Also, a cognitive assessment was made after the 

test to understand how the users perceived the interaction. The result of the study 

showed an average increase of 31.1 % in the time length during the static holding task 

with the exoskeleton. The results also showed that 90 % of the operators in the study 

increased their precision performance while wearing the exoskeleton. The only test 

without any particular difference was the manual handling task, which did not result 

in major differences in time or endurance, but operators did remark that the exoskele-

ton helped with the lifting during the task. Spada et al (2017) concludes that operators 

overall increased their performance and they experienced less fatigue, as well as less 

effort physically and mentally.  In another study by Liu et al. (2017) the levitate exo-

skeleton was used by surgeons to investigate the potential benefits, and as Spada et al. 

(2017) surgeons experienced less fatigue and muscle pain in their shoulders and neck 

area when performing the operation wearing the exoskeleton. 

 

Figure 3: Levitate Airframe 

(Levitate Technologies Inc. n.d.) 
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2.1.2.2 Laevo  

The Laevo is a passive exoskeleton intended to aid users during forward bending tasks 

and prevent back injuries by transferring the user’s upper body weight through a chest 

plate, illustrated in figure 4, and transferred by a metal frame down to the user’s legs 

(Laevo Exoskeleton, n.d.). Currently Laevo offers their latest version named the 

Laevo V2 and is stated to reduce the stress 

to a user’s back by 40 % (Laevo, n.d.).  

Bosch et al. (2016) used an earlier version 

of the Laevo exoskeleton in a study to in-

vestigate how the device potentially could 

benefit a user in terms of muscle activity, 

endurance, and discomfort. The study con-

sisted of eighteen participants performing 

two tasks without and with the Laevo exo-

skeleton, one task simulating an assembly 

task, and one static forward bending task. 

Bosch et al. (2016) observed that back 

muscle activity in the assembly task was 

reduced up to 38 % with the exoskeleton. 

The reduced muscle activity was also re-

flected in the lowered discomfort levelled 

participants experienced. The major difference revealed by the study was that the en-

durance time during the static forward bending task was three times longer when par-

ticipants wore the Laevo exoskeleton. However, Bosch et al. (2016) also revealed 

some negative effects from the usage of the Laevo exoskeleton. Participants in the 

study experienced an increase in chest discomfort due to the chest plate as well as dis-

comfort under the armpits due to the exoskeletons frame. Also, it was observed by the 

researchers that the exoskeleton caused an over-extension of the knees due to the leg 

plates pushing back the thighs, and it was discussed that it could impose a potential 

health risk for the legs.  

Figure 4: The Laevo exoskeleton. Image 

retrieved from Laevo (n.d.) 
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2.1.2.3 ATOUN 

ATOUN Inc. is a Japanese based company which has three available exoskeletons, 

pictured in figure 5, the Model A, Model AS, and Model Y (ATOUN, n.d.). As de-

scribe by their website, the model A is and active, upper body exoskeleton for the 

waist and lower back intended to aid users during lifting and carrying objects by driv-

ing the thighs and upper body back during bending motions to relieve the waist and 

lower back. In the product specification it is listed that the Model A weighs 6.7 kg, 

and has an operation time of approximately eight hours. The model AS is an add-on 

feature for the Model A, which gives extra support for the arms by attaching two belts 

from the hand to an extra frame piece attached to the back of the exoskeleton over the 

shoulders (ATOUN, n.d.). The Model Y is also an active, lower body exoskeleton in-

tended for lifting and carrying, similar to the Model A, but according to the ATOUN 

website the Model Y is 40 % lighter in weight, but only have four hours of operation 

time. And according to the specifications the Model Y is CE marked according to EU 

safety regulations, and follows the global safety standards for service robots 

ISO13482. 

ATOUN has also several prototypes under development, the ZUI which is an upper 

body exoskeleton that gives support to the arms during elevation, and the TABITO 

which is an active, lower body exoskeleton for the legs intended for walking support 

(ATOUN, n.d.). 

2.1.2.4 SuitX 

SuitX, a part of US Bionics, is a US Company with four types of exoskeleton solu-

tions designed for industries; the BackX, a passive upper body exoskeleton for the 

back; LegX, a passive lower body exoskeleton for the legs; ShoulderX, a passive up-

per body exoskeleton for the arms; and MAX (Modular Agile eXoskeleton), a full 

body exoskeletons that combines BackX, LegX, and ShoulderX into one complete ex-

oskeleton (SuitX, n.d.). Figure 6 shows the three standard modules in use. 

 

 

Figure 5: ATOUN Model A, Model AS, and Model Y. Images retrieved from ATOUN (n.d.) 
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As described from the SuitX website (SuitX, n.d.), the BackX is intended to support 

users during lifting, bending, and reaching by transferring loads from the back to the 

thighs. According to website, a study at U.C. Berkeley and U.C. San Francisco in Cal-

ifornia revealed a 60 % decrease in the muscle activities in four lower back regions 

while wearing the BackX. The LegX, as described by the SuitX website, is suitable 

for tasks that require squatting repeatedly or for longer periods of time. The LegX also 

features a “chair-less chair” setting, as described on the website, which allows the 

LegX to be in a fixed position holding the users weight when squatting down to a spe-

cific height. The ShoulderX is described by the SuitX website to transfer the loads in 

the arms and shoulders during arm elevated working tasks to the hips of the users 

where the frame of the exoskeleton is fitted. As mentioned before, the MAX is a com-

bination of all three individual SuitX exoskeletons.  

2.1.2.5 Chairless chair 

The Chairless chair, by German based company Noonee, 

is a passive lower body exoskeleton which attaches to the 

users waist, upper thighs, and feet (Noone n.d.)6. As pic-

tured in figure 7, the Chairless chair consists of two legs 

running down the back of the legs with a pad at the top un-

der the user’s rear. The Chairless chair is intended to sup-

port the user during prolonged standing by acting as a 

chair, enabling the user to sit at any time (Noone n.d.). 

Sprovieri (2016) wrote about the use of the Chairless chair 

in the Audi assembly plant in Neckarsulm, Germany, 

where employees experienced less stress physically due to 

the ability to sit any time during work.  

 

Figure 6: SuitX ShoulderX, BackX, and LegX. Image Retrieved from SuitX (n.d) 

Figure 7: Chairless chair. 

Image retrieved from 

(Noone n.d.) 
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2.1.2.6 EKSO Vest  

EksoVest, by EksoWorks a part of Ekso Bionics, is a passive upper body exoskeleton 

intended for tasks requiring elevated arms (Ekso Bionics, n.d.). The exoskeleton, pic-

tured in figure 8, is attached to the upper arms and lower back, which during overhead 

work tasks transfers the load of the arms from the shoulders to the frame on the back. 

The EksoVest has through a collaboration between EksoWorks and Ford Motor Com-

pany been introduced in two U.S. factories, and during a full year measurement it was 

reported that there was an 83 % decrease in 

work place injuries and time away from the 

job (Ford media center, 2017). In a study by 

Kim et al. (2018) a prototype version of the 

EksoVest was used to investigate discomfort, 

muscle activity, and performance, through a 

simulated drilling task, and assembly task. The 

study results showed no significant discomfort, 

a peak reduction of 45 % in muscle activity in 

the shoulders, and a 20 % decrease in comple-

tion time of the drilling task. However, there 

was a higher number of errors during the drill-

ing task simulation when wearing the exoskele-

ton.  

2.1.2.7 Strongarm Ergoskeleton 

US based company Strongarm Tech. has two ver-

sions of their exoskeleton the Ergoskeleton, the 

FLX, and the V22, both are passive upper body ex-

oskeletons intended to support users during bend-

ing and lifting tasks (Strongarm Technologies, 

n.d.). The design, as pictured in figure 9, is in the 

form of a back brace ranging from the lower back 

to the shoulders. The difference, as shown on the 

Strongarm Technologies website, is that the V22 

features two cords extended from the device which 

attaches to the hands of the users, which during 

lifting of objects transfer the loads from the arms to 

the cords.  

 

  

Figure 8: Ekso Vest. Image retrieved 

from Flannigan (2018) 

Figure 9: Ergoskeleton V22. Im-

age retrieved from Exoskeleton re-

port (n.d) 
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2.1.2.8 Lockheed Martin FORTIS 

The FORTIS exoskeleton by Lockheed Martin is a 

passive, semi-full body exoskeleton intended to 

give tool support for users by attaching heavy 

tools on a third arm and relieving the users upper 

body from carrying tools for longer periods of 

time (Lockheed Martin, 2016). As shown in figure 

6 and as described by the Lockheed Martin (2016) 

FORTIS product card, the FORTIS is designed to 

be attached mainly the lower body around the 

hips, and attached to the side of the legs down to 

the feet, with an mechanical arm attached at the 

hip for heavy tools to be carried and used with 

ease. As described by the Lockheed Martin (2018) 

website, the FORTIS transfers the heavy load of a 

tool from the mechanical arm to the exoskeleton, 

and to the ground while either standing or kneel-

ing. According to the Lockheed Martin (2016) 

FORTIS product card, the FORTIS exoskeleton 

reduces muscle fatigue and boost productivity by 

increasing work rates 2 to 27 times higher.  

2.1.2.9 HAL lumbar support 

Cyberdyne (n.d.) has one non-medical exoskeleton model 

intended for labour use, which is the HAL lumbar type, an 

active upper body exoskeleton for the lower back and trunk 

region. The lumbar type, pictured in figure 10, by 

Cyberdyne (n.d.) is intended to support the user during 

bending and lifting tasks as the mechanical joint by the hip 

helps to re-extend the hip by actively applying force to the 

front thigh pads. According to the Cyberdyne (n.d.) website, 

the HAL lumbar type is certified by the European Machin-

ery Directive, ISO13482, and has active operating time of 

three hours. 

 

Figure 10: FORTIS. Image re-

trieved from Lockheed Martin 

(2016) 

Figure 11: HAL Lumbar 

support. Image retrieved 

from Cyberdyne (n.d.) 
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2.1.2.10 Exhauss 

Exhauss is a French company with multiple exoskeleton solutions for various usage 

areas (Exhauss n.d.). As shown on their website, Exhauss (n.d) has six exoskeletons, 

five of the six available for sale, and four intended for industries. Three of the four in-

dustrial exoskeletons by Exhauss are passive upper-body exoskeletons, and one being 

a semi-active, with all models except one having a vest with a frame worn on the up-

per body and around the waist. The Model W (Worker) is intended for users carrying 

tools or loads for longer periods of time and operates by having the user’s arms at-

tached to suspending arms extended down from the shoulders which transfer the car-

rying load from the arms and shoulders to the exoskeletons arms and frame. The 

Model A (Assembler) is intended for users in sitting positions who perform repetitive 

tasks and motions, and operates by having two mechanical arms extending from the 

chair to the side and attaches to the users arm, relieving the users arms and shoulders. 

The Model T (Transporter) is intended for load and heavy tool carrying and operates 

by having one mechanical arm extending from the frame on the back to the front for 

tools to be attached to, relieving the user from carrying the tools. The Model H 

(Hanger) is similar to the Model T, with the intent to carry heavy tools for longer peri-

ods of time relieving the user’s arms and shoulders. The main difference, except de-

sign, between the Model H and the Model T is that the Model T uses a passive spring 

system to counter the load attached to the arm, and the Model H uses semi-active air-

pneumatics to counter the load, and the user manually pumps air to the cylinder actua-

tor. There are two other models by Exhauss, the Model P (Pickers) intended for re-

peated arm motions which is not available for sale, and the Model C (Cine-maker) 

which is an exoskeleton intended specifically for carrying cameras and to increase 

steadiness when operating the camera. Pictured below in figure 11 is three of the mod-

els from Exhauss (n.d.). 

Figure 12: Exhauss Model W, Model T, and Model H (right). Retrieved from Exhauss (n.d.) 
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Theurell et al. (2018) studied the effects of wearing an early Exhauss model while do-

ing three tasks, lifting, walking, and stacking, while handling a load with and without 

the exoskeleton. Theurell et al. (2018) show that using the Exhauss lowered the mus-

cle activity of the anterior deltoid (shoulder) during the lifting task and stacking task 

up to 56%, as well as the muscle activity of the triceps bracchii (arm) during the walk-

ing task. However, Theurell et al. (2018) also showed that the muscle activity of the 

triceps brachii (arm) and tibialis anterior (lower legs) increased with the Exhauss dur-

ing the lifting task. 

2.1.2.11 Muscle suit 

The Muscle Suit by Japanese company Innophys is an multi-model upper body exo-

skeleton for the waist and lower back to aid during bending and lifting tasks by assist-

ing in the re-extension of the waist when bending and each model uses a type of actu-

ator called McKibben pneumatic artificial muscle (Innophys n.d.). The Standard 

model, according to Innophys (n.d.), is the original model intended for heavy lifting 

and is available in two active version, one using an attached high pressure tank and 

the other using an external source of pressure (air compressor) to activate the four ac-

tuators. To operate the exoskeleton, Innophys (n.d.) has two types of switches, an ex-

hale switch which the user exhales into to activate the exoskeletons, and a touch 

switch which is an interface the users touches with the chin to activate the exoskele-

ton. The second model of the Muscle Suit by Innophys (n.d) is a lighter version of the 

standard model, with the same two types of active versions, but with two actuators in-

stead of four and a smaller high pressure tank for the tank version. The third model by 

Innophys (n.d.) is the semi-active “stand alone” model with the same design as the 

standard and light model, but instead of a pressure source it has a manual pneumatic 

pump which allows the user to fill the two actuators with an adjustable amount of air 

depending on the level of assistance needed during tasks. Pictured below are three 

models of the muscle suit. 

Figure 13: Muscle suit Standard with air tank, Light for external air, and 

Stand-alone model. Images retrieved from Innophys (n.d.) 
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2.1.2.12 Ironhand 

The Ironhand, by Swedish company Bioservo Tech-

nologies AB, is described as a soft robotic muscle 

glove intended to strengthen the grip of users in in-

dustries and increase their endurance (Bioservo n.d.). 

Even though it is a glove and not an external skeleton 

design it is categorized as an exoskeleton by Exo-

skeleton report (Marinoc 2018) and Bioservo (n.d) 

mention their gloves as wearable robotics. As de-

scribed by Bioservo (2018) the Ironhand consists of a 

glove with their patented SEM technology (Soft Ex-

tra Muscle) and a portable unit similar to a backpack 

which is the functional system operating the 

Ironhand, and also collects and analyses the usage of 

the glove. 

2.1.2.13 Hercule 

The Hercule V3 exoskeleton, by French company RB3D, is an active lower limb exo-

skeleton intended to aid during walking, squatting and carrying loads (RB3D n.d.). 

The Hercule, pictured in figure 14, has two mechanical legs extending down from a 

platform-like hip structure, down to two foot plates (RB3D 2016).  RB3D (n.d.) 

shows that users enters the exoskeleton from the open back of the platform and wears 

a vest attached to the platform which also has a strap around the waist attached to the 

user, and the user also attaches the feet to the foot plates at the end of the legs. Ac-

cording to the RB3D (2016) product brochure the Hercule V3 can carry loads up to 40 

kilograms, have a max walking speed of five kilometres per hour, and has an opera-

tion time of four hours. 

 

Figure 14: The Ironhand. Image 

retrieved from Bioservo (n.d.) 

Figure 15: The Hercule V3. Image retrieved from RB3D (n.d.) 
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2.2 Musculoskeletal Disorders 

Musculoskeletal Disorders (MSDs), also referred to as strain injuries or Cumulative 

Trauma Disorders (CTD), are injuries that occurs due to repeated loads to the human 

body (Bohgard, 2010). Some examples of MSDs are carpal tunnel syndrome, ten-

donitis, ligament sprain, mechanical back syndrome, with many more (Middlesworth, 

n.d.).  In 2014, muscle and tendon injuries was the leading work related disease re-

ported for men in Sweden, with 47%, and the second leading reported disease for 

woman, with 33% (Arbetsmiljöverket, 2015). Repetitive work tasks was the most 

common cause of work-related diseases in Sweden between 2011 and 2013, and mo-

tor vehicle manufacturing had the most reported diseases due to load strains between 

the years of 2009 and 2013 (Arbetsmiljöverket, 2014). Although repeated loads to the 

human body is a main issue for the occurrence of MSDs, awkward and static postures 

as well as prolonged positions such as sitting and standing can be a factor for MSDs 

(EU-OSHA n.d.). 

2.2.1 Musculoskeletal disorders in the automotive industry 

Sadi et al. (2017) conducted a study between 1990 and 2002 at an automotive plant, 

investigating the health of the workers. Sadi et al. (2017) found that the most common 

body areas treated for injuries for both industrial (blue collar), and non-industrial 

(white collar) workers, was the shoulders, lumbar (lower back), and cervical regions 

(neck). It was also noted by the authors that the elbow was the most treated area for 

industrial visits. Sadi et al. (2017) also found that the two most common causes of in-

juries for industrial workers were sudden injuries during work, 51%, and gradual inju-

ries developed over time, 37%. Out of six departments in the plant Sadi et al. (2017) 

studied, the final assembly department accounted for 62% of all industrial injuries be-

tween the years of the study. Sadi et al. (2017) discussed that the reason for the shoul-

der and elbow injuries was due to the fact that a great deal of work in the factory re-

quired upper body actions. The authors discuss the use of power tools, reaching, and 

high amounts of repetition increases the possibility of contracting an MSD to the up-

per body. 

Deros et al. (2010), in a study of manual handling in a Malaysian automotive manu-

facturer, found that lower back pain was the most common MSD found among partic-

ipating workers. 24% of 500 workers participating perceived very uncomfortable 

lower back pain, and 8% perceived extremely uncomfortable lower back pain. Other 

notable body parts workers perceived pain in was the upper back, with 19.4% feeling 

very uncomfortable pain and 4% feeling extremely uncomfortable pain, and the 

feet/ankles, with 20.8% feeling very uncomfortable pain and 6.6% feeling extremely 

uncomfortable pain. Deros et al. (2010) discuss how the high amount of manual han-

dling in some of the departments, mostly the body and engine departments, is the po-

tential cause of the perceived back pains since they handle medium to large sized 

components and require high amounts of force from the worker. They also discuss 



Theoretical background 

16 

 

how postures and poor handling techniques will lead to discomforts and pains during 

manual handling. For the perceived pains and discomforts of the feet and ankles, De-

ros et al. (2010) believes it is due to the workers mostly performing their task standing 

during longer periods. 

Using questionnaires and the Rapid Upper Limb Assessment (RULA) technique, 

Anita et al. (2014) investigated musculoskeletal disorders among assembly line work-

ers in an automotive industry. From 232 participants, Anita et al. (2014) found that the 

most common MSD among assembly line workers was found in the lower back, with 

50.9 of participants reporting lower back prevalence of MSD. Table 1 presents the dif-

ferent body regions participants reported a prevalence of MSD in the questionnaire by 

Anita et al. (2014). 

Table 1: Body regions and percentages of participants reporting a prevalence of MSD of each 

body region, as presented by Anita et al. (2014) 

Body  
region 

Lower  
back 

Shoulder Wrist/ 
hand 

Neck Upper  
back 

Knee Ankle/ 
feet 

Hip/ 
thigh 

Elbow 

% 50,9 37,9 34,1 32,2 31 25,4 24,1 16,4 9,1 

Anita et al. (2014) discussed that the reason for the highest percentages of MSDS 

(Lower back, shoulder, wrist/hand, and neck) could be due to the tasks in the automo-

tive industry, which exposes workers body regions to motions such as bending and 

twisting, as well as overhead work. Using RULA, Anita et al. (2014) analysed the 

working posture of participants and scoring them from one to seven, with risk levels 

low, intermediate, high, and very high. Anita et al. (2014) found that 42.6% of work-

ers scored within low and intermediate risk level had a prevalence of MSDs, 87% of 

workers scored within the high risk level had a prevalence of MSDs, and 97.2% of 

workers scored within the very high risk level had MSD, concluding that poor work-

ing posture had significant impact on MSDs in the automotive industry. 

 



Method and implementation 

3 Method and implementation 

This chapter presents the research approach of the thesis, as well as the research de-

sign, which presents the research process and intended methods and techniques for lit-

erature searches and data collection. The chapter ends with the method of analysis for 

the findings and the reliability and validity of the thesis. 

3.1 Research approach 

The suitable approach of the thesis is an inductive approach, which is focused on hy-

pothesis generation through data collection and analysis, and gives a flexible process 

throughout the thesis, with focus on literature to establish theory and research ques-

tions (Williamson 2002). The thesis relies heavily on literature reviews, to create a 

wide theoretical background regarding the thesis topic of exoskeletons and MSDs. To 

support the analysis and findings with an illustrative case, empirical data till be col-

lected with regards to the work place injuries and ergonomic solutions of a selected 

organization.  

3.2 The research process 

The research process is based on the qualitative research design adapted from Wil-

liamson (2002) which includes topic of interest, literature review and theoretical 

framework, formulate research questions, defining sample, designing research plan, 

collecting data, analysing and interpreting data, and report findings. Figure 1 presents 

an illustration of the process, noticeable is the arrows between process parts being 

double edged illustrating the flexibility of the process.  

 

Figure 16: Qualitative research design (Williamson 2002 p.33) 
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The three major parts of the process is the literature review establishing the theoretical 

background, the data collection which will be conducted at a selected organization, 

and the analysis of data. Using the qualitative research design from Williamson 

(2002) the process design of the thesis is presented in figure 6. 

The major phase in the thesis is the third phase, literature and theoretical framework, 

which will be the main source of data to be used during data analysis to answer the re-

search questions established. The fourth phase, company contact and data collection 

technique, is for the illustrative organisational case to find empirical data from a com-

pany within the automotive industry to support the theory established through litera-

ture. The data analysis will both be analysis of theoretical data findings as well as data 

collected from the organisational case illustration. 

3.2.1 Exoskeleton literature review 

The literature review will build the foundation of the thesis and supporting theory. 

The literature review is conducted using data bases accessed through Jönköping Uni-

versity library, such as Scopus, Web of Science, and Google Schoolar. 

The literature review and searches was conducted in various ways. The first was in or-

der to get an overview over current peer reviewed research available about exoskele-

tons. Using the database Scopus, accessed through Jönköping university library, the 

search aims at finding exoskeleton research in connection to industries. A search us-

ing only the word exoskeleton gives more than 7000 results, thus the combination exo-

skeleton AND industr* was used, the unfinished word and use of an asterisk gives the 

possibility to include all results with words beginning with said word such as industry 

and industrial. Since exoskeleton is not only a technology but also the outer skeleton 

of creatures such as insects, a delimitation of the search was made using the term 

Figure 17: Thesis process design 
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AND NOT chitin, chitin being a common word in connection to exoskeleton searches 

in Scopus, and also AND NOT insect. The end search used in Scopus was then: 

 Exoskeleton AND industr* AND NOT chitin AND NOT insect. 

To limit the search further, using Scopus own limitation tools, only articles from jour-

nals written in English were searched for. The results abstracts, methods, and conclu-

sions were read to determine to what topic the each article concerns and is presented 

in chapter 4, findings and analysis. 

To expand the literature review further a second search was conducted in Scopus. The 

search combination used was: 

 Exoskeleton AND industr* AND NOT haptic AND NOT chitin AND NOT 
crab AND NOT crustacean AND NOT insect. 

The reason for the use of AND NOT is to limit the results, so it does not include arti-

cles using those terms. Differently from the previous search, the second search’s de-

limitations in Scopus was that only conference papers was of interest, as well as only 

in English. As the previous search in Scopus the results abstracts, methods, and con-

clusions were read to determine what topic the articles concern and is also presented 

in chapter 4, findings and analysis. 

A third literature search method was used to investigate exoskeleton technology in re-

search. Using “snowballing” technique, references used in literature are further ex-

plored and searched to further collect theory and other literature. Starting with Spada 

et al. (2017) which mentioned multiple exoskeleton technologies, using the names of 

the exoskeletons, specific searches in multiple databases (Scopus, Google Scholar, 

Web of Science etc.) was conducted to explore the possibility of finding more litera-

ture. Most searches either only resulted in previous found literature which only men-

tioned the technologies, or no results at all. The process led to finding the exoskeleton 

review by De Looze et al. (2016), which as previously mentioned identified multiple 

different exoskeleton technologies and literature sources. The references in De Looze 

et al. (2016) was investigates, and further searches for the technologies identified was 

conducted. Also, to investigate if a specific exoskeleton was commercially available 

to be bought and used, an ordinary search using Google search engine was conducted.  

Besides using databases, a website named Exoskeleton Report (Exoskeleton Report 

n.d.) was found which sole purpose is up to date news and identifications of exoskele-

ton technologies. On the website, a catalogue can be found with numerous exoskele-

tons, and sources. The catalogue has four categories, consumer, industrial, medical, 

and military. Using the catalogue for industrial exoskeletons, each exoskeleton was 

investigated by their sources, as well as searching each of the exoskeletons in Scopus 

database and Google Scholar to explore possible research about the various exoskele-

tons. Also, to gather information about re-sell prices of identified exoskeletons, com-

panies were contacted personally through email and/or social media to gather infor-

mation about the pricings. 
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3.2.2 Musculoskeletal literature search 

Using Scopus data bases accessed through Jönköping University library, a search was 

conducted using the combination: 

 “Musculoskeletal disorder” AND automotive. 

Using Scopus’ limitation options the search was limited to only include results which 

are articles, from journals, and in English. The search gave 48 results and was sorted 

by relevance. To further limit the search, the search combination was limited to search 

within abstracts, which gave 27 results. The abstracts were read to find relevant mate-

rial to be used for the thesis and the theoretical background regarding musculoskeletal 

disorders and the automotive industry. To determine the usability of an article, the in-

tended studies of interest was those with findings of body regions suffering from 

MSDs within the automotive industry and/or causes of MSDs within the automotive 

industry. 

3.2.3 Organisational case illustration 

The organisational case illustration data collection was conducted by contacting an 

un-named company within the automotive industry to interview one or multiple per-

sons of interest within occupational injuries, ergonomics, or work environment. The 

contact resulted in a single interview with a health and rehabilitation manager within 

the company. The interview technique used was a semi-structure technique which, as 

described by Williamson (2002), consist of a standard set of questions but is more un-

structured through the interview process and allows follow up questions to get more 

in-depth knowledge and understanding. The interview was audio recorded and tran-

scribed to text afterwards in order to be presented and analysed in the findings chap-

ter. 

3.2.4 Findings and Analysis 

After the theoretical background has been established through literature reviews and 

searches the findings from the literature reviews will be presented and a framework of 

identified industrial exoskeleton technologies will be presented with the proper cate-

gorization and characteristics, as well as analysis of the various identified industrial 

exoskeletons. Identified body regions contracting MSDs as well as causes of MSDs 

from theory will be established and analysed, and the collected organisational data 

will be presented. The thesis will analyse the potential suitable industrial exoskeletons 

as solutions to the causes of MSDs in the automotive industry and present a frame-

work of MSD causes and the potential industrial exoskeleton solutions. 
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3.3 Reliability and validity 

Reliability, as described by Williamson (2002), is the ability to achieve consistent re-

sults when replicating a study. To ensure reliability for the thesis, the methods, tech-

niques, and thesis process is clearly described in chapter 3, method and implementa-

tion, for future replication possibility. Validity, as described by Williamson (2002), is 

the accuracy of measurements or observations in the thesis, or the ability of an instru-

ment to measure what it is supposed to measure. Williamson (2002) describes two 

sorts of validity also, internal validity and external validity. Internal validity is de-

scribed as the confidence that an independent variable is not effected by other varia-

bles or unknown factors and is usually high in laboratory experiments. External valid-

ity is described by Williamson (2002) as the ability to generalize the findings to other 

settings and is usually high in field experiments. To ensure validity in the thesis, mul-

tiple sources for data collection and findings have been used, such as both using litera-

ture to identify MSD causes in the automotive industry and an organisational case il-

lustration. Internal validity is ensured by properly and thoroughly listen and transcribe 

the interview conducted in the thesis. External validity, or generalizability, can be 

considered high since the findings and results can be generalized to both other auto-

motive industries and other industries since the MSD causes, and industrial exoskele-

tons, are not only found within the automotive industry and can be found and imple-

mented in other industries and settings. The framework developed in the thesis is 

therefore applicable to various industries and settings also. 

 



Findings and analysis 

4 Findings and analysis 

The findings and analysis chapter presents the findings from the literature reviews, 

theoretical background, and the organisational case illustration. Analysis of the find-

ings are conducted accordingly and the chapter ends with a framework developed for 

MSD causes and industrial exoskeleton solutions. 

4.1 Exoskeleton Literature review 

The literature review of journal articles resulted in 80 articles, with earliest publica-

tion year being 1964 and latest publication year being 2018. Table 2 lists how many 

articles each determined topic had among the total amount of articles. 

Table 2: Distribution of journal articles based on topic. Topic were determined by reading 

the articles abstracts, methods, and conclusions 

Amount Article topic 

80 Total amount of articles 

37 Not correct exoskeleton  

9 Hand exoskeleton/Virtual reality/Haptic 

6 Body models 

6 Industrial exoskeleton 

6 Design and development 

6 Rehabilitation 

6 Controlling/Programming 

2 Reviews of exoskeletons 

2 Mechanisms/Actuators 

As table 2 shows, 37 out of the 80 articles had nothing to do with the type of exoskel-

eton related to the thesis, and were mostly articles concerning various crustaceans and 

other sea creatures, due to the term exoskeleton being used in the search. Hand exo-

skeleton/virtual reality/Haptic, with 9 articles, is all one topic since they all centre 

around the main topic hand exoskeletons but with different focuses, such as the usage 

area virtual reality or haptics, but are not exoskeletons for human body assistance. 

Body models are articles concerning researching the human body parts, such as move-

ments and muscle signals, and examined using computer made models. Indus-

trial/commercial exoskeleton is articles concerning exoskeletons which are intended 

for industrial usage, and is not related to design and development of them. Design and 

development is articles which are about designing and developing an exoskeleton 

from scratch. Rehabilitation are articles regarding the usage of exoskeleton for medi-

cal rehabilitation purposes. Controlling/programming are articles concerning comput-

erised controlling and programming of exoskeletons. Reviews of exoskeletons are arti-

cles reviewing existing exoskeletons and also research, one is a simple review of 

some existing technologies and one is a statistical database review of exoskeleton re-

search. Mechanisms/actuators are articles which is about mechanisms and actuators 

used in exoskeleton technologies, and does not focus on the exoskeleton itself. 
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The second literature review concerning conference papers resulted in 124 conference 

papers, distributed between the years of 1990 and 2018. Table 3 presents the amount 

of articles among the total result for each relevant topic. 

Table 3: Distribution of conference papers from second Scopus search according to topics. 

Topics were determined by reading articles abstracts, methods, and conclusions 

Amount Article topic 

124 Total amount of articles 

48 Design/Development/Concept 

19 Control/system/programming 

18 Human motion/Body model 

9 Controlling a robot/Teleoperation 

9 Not exoskeletons 

7 Reviews of exoskeleton 

7 Actuators 

3 Testing of exoskeleton 

3 3D spaces and environment 

1 Structural analysis 

The highest amount of articles relevant to topic was concerning design/develop-

ment/concept which was approximately 39% of all results. Control/system/program-

ming, with 19 articles, concerns, as previously stated, computerised control and pro-

gramming of exoskeletons. Human motion/Body model, with 18 articles, concerns 

how different human body parts move, and analysed using a computer based pro-

grams and digital body models. Controlling a robot/teleoperation, with 9 articles, are 

articles based on the same idea of controlling robotics using an exoskeleton for that 

purpose, can also be classified as haptic devices. Not exoskeletons, with 9 articles, are 

articles with no connection to wearable exoskeletons. Reviews of exoskeletons, with 7 

articles, are articles reviewing exoskeletons in different areas and exoskeleton re-

search. Actuators, with 7 articles, are articles concerning actuators that are used, or 

could be used, in exoskeletons. Testing of exoskeleton, with 3 articles, are articles test-

ing an exoskeleton to see its benefits, not only industrial exoskeleton but rehabilitation 

exoskeleton also. 3D spaces and environment, with 3 articles, are articles concerning 

computerised environments and spaces in virtual three-dimensional areas. Structural 

analysis, with 1 articles, is an article which studies the structure of an un-named exo-

skeleton using a computer based analysing software. 
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4.1.1 Identified industrial exoskeleton technologies 

From the theoretical background of available exoskeleton technologies in chapter 

2.2.2, twenty-four available industrial exoskeleton technologies for industries can be 

identified. In table 4, each identified exoskeleton is presented along with each exo-

skeletons characteristic, categorization, and intended tasks in which the exoskeleton is 

intended to be used for. 

Table 4: Framework of identified industrial exoskeletons available in alphabetical order with 

characteristic, categorization, and intended tasks according to exoskeleton 

Following are short descriptions of most of the tasks to which each exoskeleton is in-

tended for. Bending refers to bending over with the upper body to perform tasks. Lift-

ing refers to picking up a medium to large sized object from below waist level. Carry-

ing refers to carrying a medium to large sized object for a distance. Squatting refers to 

bending the knees to get into a low position to perform tasks. Prolonged standing re-

fers to tasks which forces individuals to stand in the same spot for long periods of 

time. Elevated arms refers to having the arms above the shoulders and head to per-

form tasks with the arms and hands. Static arms refers to tasks which forces workers 

Exoskeleton Characteristic Categorization Tasks 

ATOUN Model A Active Upper body Bending, lifting 

ATOUN Model AS Active Upper body Bending, lifting, carrying 

ATOUN Model Y Active Upper body Bending, lifting 

Chairless chair Passive Lower body Squatting, prolonged standing 

Ekso Vest Passive Upper body Elevated arms, Static arms,  
Repeated arm motions 

Ergoskeleton FLX Passive Upper body Bending, lifting 

Ergoskeleton V22 Passive Upper body Bending, lifting, carrying 

Exhauss Model A Passive Upper body Repeated arm motions 

Exhauss Model H Semi-active Upper body Heavy tool, carrying 

Exhauss Model T Passive Upper body Heavy tool, carrying  

Exhauss Model W Passive Upper body Lifting, Carrying  

FORTIS Passive Semi-full body Heavy Tool, static arms 

HAL Lumbar type Active  Upper body Bending, lifting 

Hercule V3 Active Lower body Walking, squatting, carrying 

Ironhand Active Hand Grasping 

Laevo Passive Upper body Bending, Lifting 

Levitate Airframe Passive Upper body Elevated arms, Static arms,  
Repeated arm motions 

Muscle Suit Light Active Upper body Bending, lifting 

Muscle suit stand alone Semi-Active Upper body Bending, lifting 

Muscle suit Standard Active Upper body Bending, lifting 

SuitX BackX Passive Upper body Bending, lifting 

SuitX LegX Passive  Lower body Squatting, prolonged standing 

SuitX MAX Passive Full body Bending, lifting, squatting,  
elevated arms, prolonged 
standing 

SuitX ShoulderX Passive  Upper body Elevated arms, static arms,  
repeated arm motions 
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to perform tasks while having their arms raised, slightly or high, in the same position 

for longer periods of time. Repeated arm motions refers to tasks which requires work-

ers to do the same motions repeatedly either for shorter or longer periods of time. 

Heavy tool refers to medium to large sized tools, such as power tools, which workers 

hold levelled and use for longer periods of time. Grasping refers to using force to grip 

an object with one hand.  

The analysis of the identified exoskeletons presented in table 4 is illustrated through 

three graphs of distribution. The first graph, figure 18, illustrates the distribution of 

the identified exoskeletons according to characteristic. The characteristics being pas-

sive, active, and semi-active. 

 

As the graph in figure 18 illustrates, passive is the leading exoskeleton characteristic 

with fourteen exoskeletons, while active has eight, and semi-active has two. The sec-

ond graph of distribution, figure 19, illustrates the distribution of identified exoskele-

tons according to categorization. The categorisations being upper body, lower body, 

full body, semi-full body, and hand. 

 

Figure 19: Distribution of identified exoskeletons according to categorization 

As the graph in figure 19 illustrates, upper body exoskeletons is the far superior cate-

gorization of the identified exoskeletons with eighteen exoskeletons being upper body 

types. The third graph of distribution, figure 20, illustrates the distribution of identi-

fied exoskeletons according to intended tasks.  
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Figure 20: Distribution of identified exoskeletons according to intended task usage 

Since multiple exoskeletons have multiple intended tasks the total number of exoskel-

etons for the graph in figure 20 are more than twenty-four. Analysing the graph in fig-

ure 20, the two most common tasks intended for the identified exoskeletons are bend-

ing and lifting. Comparing the graph in figure 20 with the full list of identified exo-

skeletons in table 4, it can be noticed that twelve of the thirteen exoskeletons which 

are intended for lifting are also intended for bending.   

4.2 Musculoskeletal disorders in the automotive industry 

From the theory presented in chapter 2.2, musculoskeletal disorders in the automotive 

industry, three sources were presented with identified musculoskeletal disorders 

among workers in the automotive industry.  Table 5 presents a framework of authors 

and the identified body regions in which MSDs were found in the studies. 

Table 5: Framework of authors from the theoretical background and the identified body re-

gions participants reported MSDs within each study 

Authors Body areas 

Sadi et al. (2017) Shoulder, elbow, neck, lower back 

Deros et al. (2010) Lower back, upper back, feet/ankle 

Anita et al. (2014) Lower back, shoulder, wrist/hand, neck, upper back, knee, 
ankle/feet, hip/thigh, elbow 

The authors discussed multiple reasons for some, but not all, of the identified body re-

gions contracting MSDs among the participants in the studies. Table 6 presents a 

framework of the authors, some of the most common MSDs, as well as the potential 

causes for the MSDs in those body regions. 
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Table 6: Framework of identified employee body regions prone to sustain MSDs according to 

author and the potential causes 

Authors Body regions Causes 

Sadi et al. (2017) Shoulder, elbow Upper body repetition 
Upper body actions 
Power tool usage 
Reaching 
 

Deros et al. (2010) Lower back, upper back Poor handling techniques 
Component handling  
Poor posture  
 

Feet/ankle Prolonged standing 

Anita et al. (2014) Lower back, Shoulder, neck, 
wrist/hand 

Bending and twisting of body 
regions, overhead work  

 

Further description of the potential causes for MSDs are elaborated in chapter 4.4.  

4.3 Organisational case illustration 

Three different subject areas of the organisational case illustrations was developed 

through data collection by interview with a health and rehabilitation manager at a 

global automotive company. The three illustration are injuries according to produc-

tion environment, rehabilitation process, calculation models, and prevention of inju-

ries.  

4.3.1 Injuries according to production environment 

The global automotive company has four main production process, in different loca-

tions, the pressing plant, the body factory, the painting factory, and the assembly fac-

tory. The pressing plant is where the sheet metal for the vehicles are produced, and is 

one of the least injury prone environments but does include heavy lifting of material 

and details. The body factory, where the body of the vehicle is produced, is a labour 

intensive environment lately but is mostly dominated by robotics while employees are 

in charge of set-ups, maintenance, and programming of robots. Due to the high auto-

mation of the body factory the amount of injuries is not high, but does have some 

heavy lifting of details. The painting factory has more manual handing, but is still 

fully automatic in the painting process. The area in which most manual handling oc-

cur in the painting factory is during adjustments of seals and sealant which require de-

tail hand work and uncomfortable positions, mostly resulting in wrist and back strain 

injuries. The assembly factory is the most labour intensive environment and with the 

most amount of injuries occurring due to ergonomic problems. The assembly process 

goes by the assembly line principle, and not work stations as the previous processes. 

The specific injuries often depends on which part of the vehicle an employee is as-

sembling, but the body regions which are most injury prone are wrists, shoulders, 

back, and knees. Also, as some of the previous processes, heavy lifting occurs in the 

assembly factory too and require the use of lifting tools to properly perform the lifts.  
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4.3.2 Rehabilitation process 

When an employee suffers an injury, either work related or privately related, and the 

consequence of the injury is to go on sick leave away from work, the work-life ori-

ented rehabilitation process starts as soon as the employee is medically cleared to start 

working. The work-life oriented rehabilitation is, as the name suggests, only aimed at 

the rehabilitation of employees coming back to work, and not medical rehabilitation. 

The supervisor of the employee is responsible to have continuous contact with the em-

ployee during the sick leave period, and can early on detect if a rehabilitation meeting 

is suitable to discuss the employees work capabilities when the employee is medically 

ready. During the rehabilitation meeting the employee and supervisor is joined by par-

ticipants from human resources, corporate health department, healthcare, and the un-

ion if needed. The meetings purpose is to evaluate the employees’ health after injury 

and possibilities to return to work, and if the employee will be able to return to the or-

dinary work tasks or if there are medical difficulties and a temporary work task is 

needed or the employee needs to be relocated to another position within the company. 

The rehabilitation department has a responsibility to look into workplace adaptions or 

assistive devices as possible solutions for the employee’s injury. 

4.3.3 Calculation models 

Calculations models are used to establish potential costs when support is needed for 

rehabilitation cases or investments. Calculation models are complicated and are de-

pendent on various elements and who is doing the calculation and what that person is 

focused on. For rehabilitation cases the calculation is used to calculate how much a re-

habilitation period would cost, starting from when the company loses the employee to 

the point where the employee returns, either to the employees ordinary work tasks or 

new tasks. Most calculations used assumptions of costs as a basis to be able to later 

question how accurate the costs actually are.  

An example of a cost calculation result is when temporary labour recruitment or la-

bour replacement is needed. A typical costs could result in 200 000 SEK, which is the 

cost starting from the need of a labour recruitment to the moment when the new em-

ployee is on location doing a satisfactory job. 

In the case of an injured employee coming back from sick leave but is in need of as-

sistive devices due to an injury, the Swedish insurance agency (Försäkringskassan) is 

able to provide financial aid for assistive devices either for the individual employee or 

the company. It is not commonly used by individuals or companies, but the insurance 

agency can provide financial aid for up to 50% of the costs, with the minimum cost 

being at 10 000 SEK. The financial aid can be either a fixed solution, meaning it is the 

company’s property and can be used by different people, or an individual solution in 

which it is specifically for one employee. If it is a fixed solution the company itself 

applies for the financial aid, if it is an individual solution the employee applies for the 

financial aid. If it is an individual solution, the assistive device is often needed pri-

vately also. 
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4.3.4 Prevention of injuries 

Certain cases and pilots can be conducted within the organisation to evaluate and 

solve areas regarding health and injuries. When these cases are conducted, work re-

lated injury statistics are analysed to identify how many injuries occur, what type of 

injuries occur, where they occur within the company, and approximately how much 

the injuries costs. Then, possible solutions are identified, evaluated, and a cost estima-

tion is suggested and compared to the costs of the injuries the solutions is supposed to 

prevent. If there are other cases that can be used as examples they are taken into con-

sideration. The major point of interest is if the case can clearly conclude that an in-

vestment for a solution would substantially lower the costs for the injuries. 

During development of products and processes the company must take in to consider-

ation solutions for potential injury prone process parts. There must be a security 

within the process that the employees do not injure themselves short term or long 

term. If solutions within the process itself cannot be found, or might be too costly, 

other solutions can be of interest, such as technological device solutions. Temporary 

solutions can also be established also to give developers and engineers more time to 

find a long term and concrete solution. 

4.4 Framework of MSD causes and exoskeleton solutions 

From the findings of MSDs in the automotive industry, as well as the organisational 

case illustration, various body regions and their potential causes of MSDs for employ-

ees within the automotive industry are identified. Table 7 illustrates the sources and 

the identified body regions with potential causes from each source. 

Table 7: Framework of sources and identified body regions commonly contracting MSDs and 

the potential causes, both from theory and organisational case illustration 

Source Body regions Potential Causes 

Sadi et al. (2017) Shoulder, elbow, neck, 
lower back 

Upper body actions, Upper body rep-
etition, Power tool usage, Reaching 

Deros et al. (2010) Lower back, upper back Component handling, Poor handling 
techniques, Poor posture 

Feet/ankle Prolonged Standing 

Anita et al. (2014) Lower back, shoulder, 
neck, wrist/hand 

Bending and twisting of body regions, 
Overhead work 

Case illustration Wrist Detailed hand work 

Back Uncomfortable positions 

Since the potential causes are not properly defined in the literature, an assumptive def-

inition of each cause is made. Upper body actions take account of tasks requiring the 

movements of the shoulders and arm regions, such as assembly tasks requiring the use 

of force. Upper body repetition take account of tasks in which users repeat the same 

movements for a specific task using regions such as the shoulders and arms. Power 

tool usage is the use of hand-held power tools, either one hand or two hand tools. 

Reaching take account of extending the arms to reach places or perform tasks above 
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shoulder level. Component handling take account of lifting and carrying of compo-

nents to be used for assembly. Poor handling technique take account of the methods 

and techniques employees use when lifting and handling objects and components. 

Poor posture take account of the body posture of employees, in general or during 

tasks such as lifting objects. Prolonged standing take account to employees standing 

up for long periods of time during the day performing tasks. Bending and twisting of 

body regions take account of performing tasks which results in employees being 

forced to bend over or twist the torso, shoulders and arms, or hand/wrist. Overhead 

work take account of tasks performed over the head of the employees, forcing exten-

sion of arms over the head to perform the tasks. Detailed hand work are tasks per-

formed by hand which results in workers using force too grip and use their fingertips 

for small detailed work. Uncomfortable positions take account of tasks causing work-

ers to position their bodies in un-natural positions and movements. A last cause of 

MSDs which is identified in the organisational case illustrations but not specifically 

connected to a certain body region was heavy lifting, which can be defined as manu-

ally lifting heavy objects without the use of any lifting tools. 

Using the identified potential cause for MSDs, a final framework is developed and 

presented in table 8 in which the identified exoskeletons from chapter 4.1 are individ-

ually matched if they are potentially suitable solutions to be used for tasks connected 

to the identified potential causes of MSDs within the automotive industry.  
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Table 8: Framework of identified industrial exoskeletons and which potential causes of MSDs 

each exoskeleton could be a suitable solution for. An X in the framework shows that the exo-

skeleton is suitable for the cause. 
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ATOUN Model A     X X X  X      X 

ATOUN Model AS     x X X  X      X 

ATOUN Model Y     X X X  X      X 

Chairless chair        X        

Ekso Vest X X X X      X  X    

Ergoskeleton FLX     X X X  X     X X 

Ergoskeleton V22     X X X  X     X X 

Exhauss Model A X X              

Exhauss Model H   X  X          X 

Exhauss Model T   X  X          X 

Exhauss Model W   X  X          X 

FORTIS   X             

HAL Lumbar type     X X X  X     X X 

Hercule V3     X          X 

Ironhand           X  X   

Laevo     X X X  X     X X 

Levitate Airframe X X X X      X  X    

Muscle Suit Light     X X X  X      X 

Muscle Suit stand alone     X X X  X      X 

Muscle suit Standard     X X X  X      X 

SuitX BackX     X X X  X     X X 

SuitX LegX        X        

SuitX MAX X X X X X X X X X X  X  X X 

SuitX ShoulderX X X X X      X  X    

As the framework illustrates, each exoskeleton identified from the theoretical back-

ground can be matched as a solution to one or more potential causes of MSDs within 

the automotive industry. The one exoskeleton matched as a solution for the most num-

ber of MSD causes is the SuitX MAX, which consist of all three SuitX exoskeletons 

and is the only full body exoskeleton identified. 
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5 Discussion and conclusions 

The discussion chapter includes discussion of methods and findings of the thesis, and 

also revisits the research questions established at the beginning of the thesis and an-

swer them accordingly. 

5.1 Discussion of method 

The purpose of the thesis is to explore the current state of research and development 

of exoskeleton technology. Therefore, an inductive research approach was chosen for 

the thesis due to the limited knowledge of exoskeleton technology and the need to cre-

ate a path to understanding what exoskeleton technology represent. The inductive ap-

proach is suitable for creating theories and further questions through existing literature 

and data collection of a phenomenon which is not well known, and exoskeleton tech-

nology can be considered a modern technological phenomenon which a majority of 

people not have an extended knowledge about. With this sort of unknown subject, the 

research process having an inductive approach and thereafter a qualitative process 

gives flexibility in the whole process. Since the author of the thesis is not an experi-

enced researcher, or has a previous well established knowledge of the subject of exo-

skeletons, a qualitative research process gives the flexibility to explore the subject un-

restricted. A challenge of having a qualitative research process is the risk of struggling 

to find relevant research material for the phenomenon being studied. The thesis did 

struggle in finding scientific studies of existing, market available exoskeletons, which 

the author did not think would be hard in the beginning of the thesis.  

Due to the inexperience of the author, the matter of database searches and literature 

review was a challenge. Basic knowledge and few previous instances of database 

searches have been performed, but the process of literature searches was not straight 

forward and multiple variations of searches was conducted to find the proper results. 

The main search for exoskeletons research centred on the search-term exoskeleton and 

the reason other terms for the technology was not used was because other terms were 

used in a string of trial databases searches but did not succeed in producing sufficient 

results. Two out of three search techniques for exoskeleton research was a general lit-

erature review to map the available research, from journals and conference papers, 

while the third technique using the snowball technique was used to find research be-

yond that of the literature reviews. 

5.2 Discussion of findings 

The discussion of findings will first of all answer the research questions stated in the 

beginning of the thesis with the use of the findings presented in the previous chapters. 

The discussion of findings will also take into context the potential reasons for the 

findings presented as well as compare empirical findings from the organisational case 

illustration with the theoretical background of musculoskeletal disorders in the auto-

motive industry. 
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5.2.1 Status of industrial exoskeleton technology 

The journal and conference paper literature reviews purpose and aim was to give con-

text in order to partly answer the first research question of the thesis. 

RQ1: What is the status of industrial exoskeleton technology? 

From the literature reviews of journals and conference papers it can be determined 

that studies of existing industrial exoskeletons are few. From the six articles about in-

dustrial exoskeletons in the journal based literature review, only two of those articles 

studied commercially available exoskeletons, while three articles were studies of an 

ongoing exoskeleton project called Robo-mate which is not yet commercially availa-

ble, and one article was a study on a modified teleoperation exoskeleton called the 

ABLE. The conference paper literature review show where most research of exoskele-

tons are located at the moment, and that is within design and development stages of 

the technology. There was also a high amount of articles around the subject of the hu-

man body, its motions, and muscle activity to further understand the implications of 

wearing an exoskeletons.  

Comparing the results of the literature review with the number of identified exoskele-

tons, it seems a bit paradoxical. There is a focus on design and development of exo-

skeletons in the research environment, but the exoskeletons available today are not in 

conjunction with past and ongoing research and are designed and developed by com-

panies with no connection to academic research. Of all the industrial exoskeletons 

identified as commercially available, few have peer-reviewed research articles about 

them, and other exoskeletons have websites stating research has been conducted but 

with no links or ways to find these studies through databases. Even though commer-

cially available exoskeletons go through proper development stages to empirically 

evaluate the technologies and its potential benefits, scientific studies does hold large 

value to prove those benefits. However, an explanation for this difference between ac-

ademic research and manufacturing could be how research is supposed to be aimed at 

the development of the exoskeleton technology, and it is up to manufacturers and 

companies to conduct field testing in selected environments to evaluate the implica-

tions and applicability of industrial exoskeletons.  

Therefore, to answer research question one. The current status of industrial exoskele-

tons have two sides, the academic status and the manufacturing status. The academic 

status is that design and development of exoskeletons is a leading topic among confer-

ence papers, and a high interest point for research with the technology thriving. The 

manufacturing status is that there are a number of on-the-market exoskeletons suitable 

for various industries, with various potentials and benefits. There is not high amounts 

of laboratory or field experiments of on-the-market industrial exoskeletons today, 

with the probable cause being how academic research is not involved or supposed to 

focus on field experiments because it is manufacturers and companies responsibility 

to conduct the proper tests and experiments of on-the-market industrial exoskeletons. 
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5.2.2 Available exoskeleton technologies 

In the beginning stages of the thesis, the expectation was to find a number of peer-re-

viewed studies on-the-market industrial exoskeletons and if they benefit users. After 

initial database searches it was apparent the amount of hands-on studies of on-the-

market industrial exoskeleton are very few. Due to the low amount of hands-on stud-

ies, the theoretical background of available exoskeletons consisted mostly of infor-

mation extracted from the websites of the identified exoskeletons. The main website 

used for identifying exoskeletons was Exoskeleton Report, which had website links to 

each exoskeleton identified on the website. The website had a category for industrial 

exoskeletons specifically and was the main source of exoskeletons. A negative side of 

the website exoskeleton report it is noticeable that the identified exoskeletons are not 

up-to-date, and included exoskeletons which could be considered non-industrial. Two 

exoskeletons in the industrial category were not available today and the linked web-

site did not lead to a product. One hand-exoskeleton lead to a Japanese website and is 

not available outside of Japan. One type of “industrial” exoskeletons not included in 

the thesis even though they are available for purchase is exoskeletons intended for 

camera operations. Exoskeleton report had two exoskeletons for camera operation, 

and Exhauss had one on their website. The reason these are not included in the thesis 

is due to them being aimed at camera operations, and not having any intended benefits 

towards industrial usage. Also, even though powered gloves does not fulfil the same 

characteristics as the other identified exoskeletons, the Ironhand was included since it 

is specifically designed for industries, and the organisational illustration case showed 

that detailed hand work is a cause for wrist injuries and therefore the Ironhand was in-

cluded. 

Even though the characteristics of exoskeletons are classified as either passive or ac-

tive, two exoskeletons identified are classified as semi-active. The reason, as ex-

plained, is that those two exoskeletons, the Exhauss Model H and the Muscle suit 

stand alone, uses manual pneumatics pumps operated by the user before operations to 

supply air to the actuators in the exoskeleton. By definition, active exoskeletons are 

technologies using pneumatics to power the exoskeleton. However, since the semi-ac-

tive exoskeletons does not have a constant supply of air, and is manually supplied be-

fore operations, it was decided that semi-active was a proper classification of charac-

teristic. 

For the categorization of identified exoskeletons it was defined as being either upper 

body or lower body, depending on if the exoskeleton is intended to support the upper 

body or lower body. The toughest exoskeletons to categorize was those which are 

worn in the pelvis and hip area, such as the Muscle Suit models. Those exoskeletons 

are meant to help thrust the pelvis forwards, and the upper legs back, during lifting 

and bending tasks and are worn from the lower back to the thighs. Why these were 

difficult to categorize was due to them operating by pushing the pelvis forwards, 

which can be considered lower body, but they are intended to relieve the lower back 

during these motions, which can be considered upper body. They were categorized as 

upper body since they relieve the lower back mostly, and lower body exoskeletons are 
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often intended for the legs and those designed to be worn around the hips and pelvis is 

often intended for the lower back and not the legs. The FORTIS exoskeleton by Lock-

heed Martin is categorized as semi-full body, this is due to the design being that of 

mostly lower body and only a vest to be worn for the upper body, but the FORTIS is 

intended to relieve users working with power tools through the extended arm, and 

therefore relieving the upper body from static job tasks with power tools and thus the 

semi-full body 

The graphs through chapter 4.1.1 illustrates that one; passive exoskeletons are the 

most common exoskeleton technology according to characteristic, two; upper-body 

exoskeletons are the most common exoskeleton according to categorisation, and three; 

bending and lifting are the two most common intended tasks for exoskeletons to be 

used for. The possible explanation for the passive characteristic being the most com-

mon characteristic might be due to it being easier to develop an exoskeleton without 

the need to use state-of-the-art technology systems to operate it. Also, the manufactur-

ing process of a passive exoskeleton, such as the Laevo, might be easier simpler than 

a complex, active exoskeleton, such as the Hercule. It also affects the manufacturing 

costs and selling price, for example the Strongarm FLX is one of the most simple xo-

skeletons with a sale price at approximately 2500 SEK, while the Hercule which is the 

most advanced exoskeleton identified has a sale price of approximately 310 000 SEK. 

5.2.3 MSDs in the automotive industry 

With the usage of scientific databases, relevant literature was extracted to find re-

search of musculoskeletal disorders in the automotive industry. At first the initial plan 

was to find exact process tasks within the automotive industry causing MSDs, but 

most literature extracted were more general discussions of causes. What was interest-

ing in literature was what body regions studies found suffered MSDs mostly and the 

potential causes of MSDs in those body regions. The theory provided findings of body 

regions suffering from MSDs among employees within the automotive industry, with 

potential causes of those MSDs. 

The findings presented from the theoretical background shows how authors found 

quite similar body regions suffering from MSDs and potential causes. Sadi et al. 

(2017) and Anita et al. (2014) both found MSDs among employee’s shoulders and 

neck, and with Deros et al. (2010) they all found employees suffering from MSDs in 

their lower backs. Comparing the potential causes the authors presented, a similar 

trend is noticeable. Sadi et al. (2017) mentions, among others, upper body actions and 

reaching, Deros et al. (2010) mentions posture and handling techniques, and Anita et 

al. (2014) mentions bending and overhead work. The three authors seem to share sim-

ilar thoughts that employee’s posture and work tasks requiring awkward body motions 

or requiring to work with their arms extended over their shoulder height is a probable 

cause of the MSDs occurring. 

The illustrative organisational case was conducted to complement the theoretical 

background of MSDs, to provide empirical findings in the thesis, and to illustrate the 
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processes within the automotive industry, as well as possible MSDs within the pro-

cesses. The findings are quite general since the data collection was conducted through 

a one hour interview with an employee at the selected organisation. The reason the 

data collection was only conducted through a single interview is due to the limited 

availability of the organisation contact, and since the thesis is not conducted on behalf 

of the organisation it was difficult to get in contact with them, and also the reason for 

not including the organisations name. The data collected from the illustrative case 

shows similar findings as the theoretical background of MSDs in the automotive in-

dustry. The most common body regions with MSDs in the selected organisation are 

wrist, shoulder, back, and knees. All the common body regions found in the organisa-

tional case illustration matches the body regions found in the theoretical background 

of MSDs within the automotive industry, and table 9 illustrates which authors found 

MSDs in the same body regions as the organisational case illustration. 

Table 9: Comparison of body regions contracting MSDs within the organisational case illus-

tration, and the corresponding theoretical background authors with findings of the same body 

regions. 

Case illustration Theoretical background 

Wrist Anita et al. (2014) 

Shoulder Anita et al. (2014)  
Sadi et al. (2017) 

Back Anita et al. (2014)  
Deros et al. (2010)  
Sadi et al. (2017) 

Knees Anita et al. (2014) 

Another comparison between the organisational case and theory is where most inju-

ries can be found. In the case illustration, the assembly factory was the most labour in-

tensive process and where most MSDs can be found. As stated in the theoretical back-

ground, Sadi et al. (2017) found that the final assembly department had the highest 

amount of injuries reported of all departments, accounting for 62% of all injuries re-

ported during the study.  

The one body region where all authors found MSD to occur, and where also the case 

illustration found occurrence is in the back region of employees, either the back in 

general or the lower or upper back. Deros et al. (2010) found that 24% of participants 

in the study felt very uncomfortable lower back pain, and 8% felt extremely uncom-

fortable lower back pain. 19.4% of participants of the same study felt very uncomfort-

able pain in the upper back, and 4% felt extremely uncomfortable pain. The findings 

by Deros et al. (2010) can be compared with the findings of Anita et al. (2014) who 

observed how 97.2% of participating workers within study was within the very high 

risk zone of contracting MSD due to poor posture. These findings and comparisons 

are nothing new, but it comes to show how back MSDs might be the most common 

MSD due to the poor working postures of the employees within the automotive indus-

try.  
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5.2.4 Causes of MSDs within the automotive industry 

The theoretical background of MSDs in the automotive industry, and the organisa-

tional case illustration, is intended to provide findings and context to answer research 

question two: 

RQ2: What are the causes for musculoskeletal disorders in the automotive industry? 

In chapter 4.4, table 6 illustrates the identified body regions and potential causes for 

employees within the automotive industry contracting MSDs according to sources. 

The various causes identified is listed below in table 10. 

Table 10: Potential causes for employees within the automotive industry to contract MSDs 

Potential causes for MSDs 

Upper body actions 

Upper body repetition 

Power tool usage 

Reaching 

Component handling 

Poor handling technique 

Poor posture 

Prolonged Standing 

Bending and twisting of body regions 
(Torso, shoulders/arms, hand/wrist) 

Overhead work 

Detailed hand work 

Uncomfortable positions 

Heavy lifting 

Analysing the list, the most common causes concern how employee’s upper body is 

moved and used, through poor posture, uncomfortable positions, bending, and twist-

ing. Also, techniques and methods of lifting, carrying, and/or handling objects and 

components is a common occurrence. Another occurrence is work tasks performed 

over the head where workers arms are extended and repetitive movements occur, and 

reaching. It can be noted how most potential causes occur due to issues in connection 

with the upper body, rather than the lower body. This can probably be explained by 

the fact that tasks in the automotive industry mostly puts the upper body of employees 

at risk. As suggested, bending and lifting is a common occurrence and therefore puts 

the upper body, especially the back, at risk. When proper lifting techniques are used, 

employees transfers most force to the legs, but if poor technique is used it will be 

transferred to the upper body.  

Also, as previously stated, the theory and case illustration both show where MSDs are 

the most common according to the human body, and the back region (lower and/or 

upper back) is the one region which is found in all cases. The high occurrence of 

lower and/or upper back MSDs might explain the reason for the number of exoskele-

tons being intended for tasks specifically for bending over and lifting objects. Nine-

teen of the identified on-the-market exoskeletons presented in chapter 4.1.1 are upper 

body, which include the back, and twelve exoskeletons are intended for tasks concern-

ing bending over and lifting objects. It might be easily explained as such that develop-

ers today have the correct knowledge of the human body’s physical limitations, and 
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the most common MSDs among industrial workers that they know exoskeletons to 

benefit users posture during tasks such as bending and lifting will be the one type of 

exoskeleton technology of the highest demand.  

5.2.5 MSD causes and exoskeleton solutions 

The framework developed in chapter 4.4, table 7, for MSD causes and exoskeleton so-

lution is intended to answer the third research question of the thesis: 

 What type of industrial exoskeleton technology is suitable for the automotive 
industry? 

One major point of the thesis is to determine the suitable exoskeleton for tasks and 

causes within the automotive industry resulting in MSDs by comparing the potential 

causes found through literature and data collection with the identified exoskeletons 

and the intended tasks they are meant for.  

The framework developed in chapter 4.4 illustrates how each identified industrial exo-

skeleton from table 4 is individually matched with the various causes of MSDs if they 

could be potential solutions for tasks connected to those causes. All of the exoskele-

tons could be matched to one or more potential causes for MSDs within the automo-

tive industry. However, two exoskeletons could be questionable as solutions. First is 

the Exhauss Model A, which is probably not suitable for the automotive industry 

since the arms of the exoskeletons, which is attached to the user, extends from a chair. 

Employees within the automotive industry does not necessarily sit for long periods of 

time, at least not for repetitive tasks requiring the use of such an exoskeleton. Second 

is the SuitX MAX. The reason for it being questionable is because it consists of all the 

three SuitX models, and therefore being an unnecessary solution alternative, since if a 

solution for a single cause is needed the MAX have obsolete features. However, if a 

solution is needed for several of the causes at once the MAX is the best solution since 

it is the one exoskeleton being able to be used for all but one of the potential causes 

for MSDs. Another benefit from the SuitX exoskeletons is the modular ability of all 

the models, which means if two out of three exoskeleton solutions are needed they can 

be used since they have the ability of being used together in conjunction with each 

other. 

There is no proper answer to the research question. Since there are various exoskele-

tons for various applications, each a potential solution for various causes of MSDs 

within the automotive industry, there is not one specific type of exoskeleton most suit-

able for the automotive industry. Also, as the case illustrations showed, when deciding 

if a specific type of assistive device is needed for an organisation an investigation is 

conducted of the area in which the device might be needed and for what specific cause 

it is needed for. However, as discussed in chapter 5.2.4, MSDs contracted in the back 

region is a very common occurrence, which is a probable reason to the number of in-

dustrial exoskeletons developed is focused on helping users upper bodies during bend-

ing and lifting tasks. This could be an alternative answer to the research question, that 

upper body industrial exoskeletons intended for bending and lifting is the suitable 
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type of industrial exoskeleton to be used by to prevent MSDs among employees 

within the automotive industry. 

5.2.6 Benefits and challenges 

The last research question of the thesis completes the overall aim of identifying the 

applicability of exoskeletons for the automotive industry: 

RQ4: What are the benefits and challenges of the use of industrial exoskeletons for 

employees and employers within the automotive industry? 

Most individuals have the idea of an exoskeleton as being this high-tech mechanical 

suit which will give superior strength and capabilities, and mostly that is what they 

will get when searching for it on the internet. This typical idea of an exoskeletons and 

the common pictures found creates uncertainty among professionals within industries, 

and therefore the interest of them are low. However the technology of industrial exo-

skeletons today are not as complex and high-tech as internet searches show, and they 

are not often developed to give the superior benefits as typically believed. Industrial 

exoskeletons have had successful studies to determine if there are benefits from using 

them, such as Levitate Airframe studied by Spada et al. (2017), and the Laevo studied 

by Bosch et al. (2016). The study by Spada et al. (2017) did show a near 40% de-

crease in muscle activity, which is stated by Levitate Tech on their website of the Air-

frame. The studies have shed light on the benefits of using the exoskeletons as per 

tested in a laboratory setting, and does show significant physical improvements from 

using the technologies. Also, exoskeletons are not as uncommon as one might think, 

since the thesis identified twenty-four on-the-market available exoskeletons for indus-

tries, showing that industrial exoskeletons are well developed and applicable today. 

Using the exoskeleton for preventing MSDs is a possibility, since the few studies that 

does exist show that there is a physical contribution from using them. From the organ-

isational case illustration, a typical cost for replacing a single injured employee could 

cost around 200 000 SEK for a company. Below in table 11 is some of the identified 

exoskeleton with estimated prices collected for a single product. 

Table 11: Identified on-the-market exoskeletons and the selling price for a single product 

Exoskeleton Price (SEK) Source 

Ergoskeleton FLX 2 500 Strongarm Tech. Contact 

Ergoskeleton V22 5 200 Strongarm Tech. Contact 

Laevo 25 000 Robot Center (n.d.) 
SuitX BackX 33 000 SuitX (n.d.) Website 

SuitX ShoulderX 33 000 SuitX (n.d.) Website 

Chairless chair 40 000 Noone contact 

SuitX LegX 50 000 SuitX Website 

EKSO Vest 54 000 Goode (2017) 

FORTIS 208 000 Lockheed Martin (n.d.) 

Hercule V22 310 000 RB3D (2016) 
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With some exoskeletons ranging as low as 2500 SEK, an investment of a single or 

multiple exoskeletons could be a possible investment preventing MSDs, keeping em-

ployees healthier, and possibly decrease the amount of sick leaves among employees. 

The contribution of an exoskeleton not only then keeps employees healthy at work, it 

can save time and money for companies due to lower amounts of sick leaves. And for 

employees, it is also beneficial to not have to go on sick leave or reporting sick days 

from their work. Also, as stated in the case illustration, companies don’t necessarily 

have to invest in the whole sum themselves for a technological device such as an exo-

skeletons, as they can get financial support from the Swedish insurance agency 

(Försäkringskassan) for up to 50% of the investment with the lowest amount being 

10 000 SEK. Also, since the exoskeletons identified contribute in typical physical 

tasks, there is the possibility of investing in an exoskeletons for employees already 

suffering from injuries to help them come back to work. As stated in the case illustra-

tion, when an employee has an injury the possibility of investing in an assistive de-

vice, such as an exoskeletons, can be a possible solution to aid the employee and also, 

as stated earlier, be financially supported by the Swedish insurance agency. 

The challenges of implementing an industrial exoskeletons are a few. Since research 

of the current on-the-market industrial exoskeletons are so few, the ability to prove 

that they contribute the way they are advertised could be difficult. Companies need 

well established reasons and proof a technology will live up to the expectations, it can 

therefore be difficult to convince decision makers within the organisation that exo-

skeleton technology will live up to expectations. Also, as described in the organisation 

case illustration, cost calculation have to be established to calculate if the investment 

of such a technology as an exoskeleton will pay off, which could prove to be a long 

and difficult process of calculations. To be able to know if an exoskeleton is a suitable 

investment, cases and investigations of the work environment needs to be performed 

to determine where it could be implemented and how much the potential cost benefits 

could be. Even though there is a possibility to receive financial support from the Swe-

dish insurance agency during assistive device investments, there is also the possibility 

that the insurance agency won’t contribute with financial support if the proposal is 

turned down. There is also a challenge in deciding the proper place to implement an 

exoskeleton. In the findings of the organisational case illustration, it was presented 

how in the selected organisation it was a complex process of identifying if and where 

a potential need for a technology such as an exoskeleton could be implemented.  

Another challenge of implementing an industrial exoskeleton in an organisation is if 

an active exoskeleton would be of consideration how the power supply of the active 

exoskeleton would affect the decision. For example the HAL lumbar type only has a 

three hour operating time, while the ATOUN Model A has an eight hour operating 

time. An exoskeleton which only operates for three hours might not be of interest for 

an organisation, unless the exoskeleton usage would only be needed for that amount 

of time during a day. Also, the Muscle Suit model which uses an external input of air 

to power the actuators could be tough to implement since pneumatic tubing needs to 

be available at hand. Another practical challenge for implementing an exoskeleton 
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might be the comfort of the user wearing the exoskeleton. Some exoskeletons such as 

the ATOUN, Muscle Suit, and Exhauss are quite large and might be rough for users to 

wear for longer periods of time without feeling discomfort. Even the smaller exoskel-

eton such as the Laevo have studies showing slight discomfort due to the padding of 

the device pressing against the chest and front thighs during usage. Due to the possi-

bility of discomfort, the usage of an exoskeleton during full working days might not 

be optimal, thus creating further difficulty in the process of investigating the possibil-

ity of implementing an exoskeleton. 

5.3 Conclusion 

The purpose of the thesis was to explore the current state of research and development 

of the exoskeleton technology, and identify the appropriate applications in the auto-

motive industry in tackling the high-risk injuries. Through literature reviews the state 

of industrial exoskeleton technology research was explored and it was determined that 

academic research is mainly aimed at design and development of industrial exoskele-

ton. However, through databases and exoskeleton websites, twenty-four available ex-

oskeletons were identified and categorized, but only a few having any academic re-

search connected to them. This shows that academic industrial exoskeleton research is 

aimed more to technology development than laboratory or field testing of manufac-

tured industrial exoskeletons, even though the availability of industrial exoskeletons 

which could be tested is quite vast. The explanation for this could be that it is the 

manufacturers of industrial exoskeletons responsibility to conduct the field testing of 

their products in specific environments, while academic researchers focus mainly on 

the technological development. 

The identified industrial exoskeletons presented in the table 4 framework in the thesis 

illustrates how passive industrial exoskeletons holds the top in characteristics, while 

upper body is the most common category. The two tasks shown to be of most concern 

for the exoskeletons is bending over and lifting objects. The finding of the two main 

tasks of concern matches the theory and organisation case illustration of MSDs within 

the automotive industry. The most common and high risk cause of MSDs within the 

automotive industry is back pains due to poor posture, lifting of objects, bending, and 

twisting of the body. This might explain why most industrial exoskeletons are devel-

oped for those causes, since developers in contact with industries have that 

knowledge. This conclusion shows that the industrial exoskeletons available today are 

in fact specifically developed to the needs of workers within industries.  

As explained in chapter 3, method and implementation, the thesis is of inductive ap-

proach, focusing on hypothesis generation. The hypothesis here being that today’s 

available on-the-market industrial exoskeletons are applicable in the automotive in-

dustry for preventing musculoskeletal disorders.  

In theory, industrial exoskeletons should contribute within an industrial setting, and 

there are some research to support the statements of manufacturers and developers of 

industrial exoskeletons. The price range is quite wide, with the lowest price identified 

being a mere 2500 SEK, and the most expensive being at 310 000 SEK. However, 
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with an estimated cost of around 200 000 SEK to replace an employee within an or-

ganisation contracting an MSD, the investment of an exoskeleton to prevent that MSD 

could in the end be a proper investment. Also, with the possibility of getting financial 

aid from the Swedish insurance agency for up to 50% of the cost, the possibility to 

break even on such an investment is possible. An industrial exoskeleton can also be a 

suitable solution for employees returning to work after contracting an MSD as an as-

sistive device to be able to continue working. However, the process of determining if 

an investment for such a technology as an industrial exoskeleton could be long and 

complex. Investigations are needed to determine if a solution is needed, where it is 

needed the most, and how much the investment will be and if it will break even. This 

complex process in connection to the limited research of today’s available exoskele-

tons could make it difficult for organisations to rely on the suggestions being suitable 

solutions, and therefore be determined too risky to invest in.  

The final framework presented in chapter 4.4 in the thesis is a suggested framework of 

industrial exoskeleton solutions for MSD causes in the automotive industry, but since 

it is mainly based on theory it is not proven that they are in fact suitable. However, the 

framework does show how the various identified industrial exoskeletons could be po-

tential solutions for employees within the automotive industry, depending on the 

MSD causes. This type of framework could contribute in opening doors for further re-

search in the field of industrial exoskeletons. Potential further research could include 

laboratory or field testing of the available industrial exoskeletons to see if they are in 

fact suitable for the tasks and causes of which employees within automotive industry, 

or other industries, contract MSDs from. Hopefully, this type of thesis, and the devel-

oped framework, will contribute in further studies of industrial exoskeletons to help 

academics, manufacturers, companies, and organisations further understand where in-

dustrial exoskeleton technology stands today, and if or how they could be applied in 

industries today to prevent the contracting of MSDs among employees. 
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