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Förord 

Projektet har genomförts av två studenter, Herbert Eriksson och Martin Paulsen, som deras 

examensarbete på kandidatnivå för Biomekanikprogrammet på Högskolan i Halmstad. Båda 

studenterna är intresserade av hur modern teknologi och robotik kan assistera och hjälpa den 

mänskliga apparaten, och hur denna integration mellan maskin och människa kan samverka.  

Detta examensarbete som har bedrivits i starkt sammarbete med och åt Bioservo Technologies 

AB har handlat om just denna integration. Genom att adaptera Bioservo Technologies AB 

teknologi har en ny sorts assisterande hjälpmedel mot ryggsmärtor utformats, som en tänkbar 

ny produkt åt Bioservo Technologies AB. 

 

Först och främst vill vi tacka Bioservo Technologies AB som har bistått med lokal, 

handledning, kaffe och trevliga dagar under vår tid i Stockholm. Dessutom vill vi tacka dem 

för förtroendet och tålamodet med oss, samt för deras engagemang i projektet. Ett särskillt 

tack ska riktas till Johan Ingvast, var utan hans kunskap och uppfinningsrikedom detta projekt 

aldrig skulle kunnat genomföras. Vi tackar även Hälsoteknikcentrum Halland för deras 

materiel- och finansieringsstöd till projektet. 

 

Vi vill även passa på att tacka de studenter som har ställt upp på våra undersökningar, samt 

till dem otroligt kunniga och kvalificerade människor som har ställt upp på att intervjuas. 

Utan era inblandingar hade förstudierna till detta examensarbete, och därför hela 

examensarbetet, att sakna tyngd. 
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Sammanfattning 

Projektet har syftat till att utveckla ett nytt sorts rygghjälpmedel för att reducera risken för 

ländryggsproblem, främst åt industrier och arbetsplatser där manuella lyft är frekvent förekommande. 

Idéen till projektet föddes redan våren 2010, då Martin Paulsen praktiserade hos Bioservo 

Technologies AB i Stockholm. Bioservo Technologies AB hade utvecklat en kraftförstärkande 

handske, som svarar på användarens rörelser och producerar en assisternade kraftutveckling, lik den 

egna muskelaturen. Under praktikperioden började Martin Paulsen att fundera på andra funktioner för 

tekniken, vilket ledde till detta examensarbete. 

Detta projekt är ägt av Bioservo Technologies AB, utfört av Herbert Eriksson och Martin Paulsen från 

Biomekanikprogrammet på Högskolan i Halmstad. Syftet har varit att utveckla en idé för en framtida 

produkt åt Bioservo Technologies AB. Målet med produkten som har utvecklats är att reducera risken 

för ländryggsproblem, främst de fall av ländryggproblem som är associerat med manuella lyft på 

arbetsplatser. 

 

För att finna en lösning på ett sådant komplex problem som ländryggsproblem, har projektet inledds 

med tre pilotstudier. 

 

 Litteraturstudie: Då projektet inte har syftat till att producera en prototyp för testning och 

validering, har projektet istället fått vila tungt på en litteraturstudie. Fokus med 

litteraturstudien var att utbilda Herbert Eriksson och Martin Paulsen om problemet, och vilka 

lösningar som finns på marknaden idag. Pilotstudien står att finna som Appendix A: ”A 

literature study about the problems of low back pain and the solutions of today”. 

 Intervjuer: Då projektet har bedrivits konfidentiellt har ingen styrgrupp kunnat delta i 

projektet. Det var dock viktigt att låta de arbetsgrupper som idag arbetar med just 

ryggproblem påverka projektet, och låta deras erfarenheter och kunskaper adapteras i 

projektet. Med anledning av detta genomfördes istället intervjuer och samtal med tre 

personer, som har givits tillåtelse att belysa projektet med sina unika kunskaper inom ämnet. 

Pilotstudien står att finna som Appendix B: “Interviews of experts of interest concerning low 

back pain”. 

 Motion Capture: En mätning av kinematisk data genomfördes för att fånga ryggens rörelse 

för vidare analys i Matlab, samt för att utforska fötternas belastningsmönster vid manuella 

lyft. Pilotstudien står att finna som Appendix C: “A study of healthy adult's foot pressure 

pattern in a symmetrical lifting task”. 

Dessa tre pilotstudier skapade gemensamt en platå för att utveckla produkten teoretiska funktion och 

innehåll. 

 

Då designval och materialval har lämnats öppna har produktbeskrivningen fokuserats på produktens 

funktionella utformning, mekanik och elektronik. För att validera produktens mekanik, har en bilaga 

vid namn Appendix D: ” Calculations of how the angle alpha depends on the variable theta and the 

dimensions of the external spine” framställts. 

 

 

NYCKELORD: Rygg, Ländryggsbesvär, Lyft, Hjälpmedel  



 

 

Summary 

The project has aimed to develop a new kind of back assistive device to reduce the risk of low back 

problems, mainly focused to industries and workplaces where manual handling are frequently 

occurring. The idea for the project was introduced in spring 2010, when Martin Paulsen performed 

internship at Bioservo Technologies AB located in Stockholm. Bioservo Technologies had developed 

a force-enhancing glove, which responds to the user's movements and produces an assisting grip force, 

similar to the user´s own muscles. During the training period Martin Paulsen began to consider other 

features of the technology, which led to this thesis. 

 

This project is owned by Bioservo Technologies, conducted by Herbert Eriksson and Martin Paulsen 

from the Biomechanical program at Halmstad University. The aim has been to develop an idea for a 

future product for Bioservo Technologies. The goal of the product that has been to reduce the risk of 

low back problems, mainly the cases of low back pain associated with manual handling at workplaces. 

 

In order to find a solution to such complex problems as low back pain, the project has started with 

three pilot studies. 

 

• Literature Study: As this project´s aim has not been to produce a prototype for testing and 

validation, the project has instead rested heavily on a literature study. The focus of this study 

was to educate Herbert Eriksson and Martin Paulsen of the problem and the solutions 

available on the market today. The pilot study can be found as Attachent A: "A literature study 

about the problems of low back pain and the solutions of today." 

• Interviews: As the project has been conducted confidentially, no steering group could 

participate in the project. However, it was important to let the professions that currently work 

with back problems affect the project, and let their experience and knowledge influence the 

project. Interviews was instead introduced, and allowed experts to give valuable insight with 

their unique knowledge on the subject. The pilot study can be found as Appendix B: 

Interviews of experts of interest concerning low back pain ". 

• Motion Capture: A measurement of kinematic data was conducted to capture the spine motion 

for further analysis in Matlab, and to explore the feet´s load patterns while manually lifting. 

The pilot study can be found as Appendix C: "A Study of Healthy adult's foot pressure pattern 

in a symmetrical lifting task." 

These three pilot studies together form a platform for the development of the product´s function and 

theoretical content. 

 

While design and material has been left open, the product description focuses on the product's 

functional design, mechanics and electronics. In order to validate the product's mechanics, has an 

Appendix named Appendix D: "Calculations of how the angle alpha depends on the variable theta and 

the dimensions of the external spine" been added as an Appendix. 

 

 

KEYWORDS: Back, Low back pain, Lift, Assistive device  
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Word explanations 

Actuator: A mechanical device for controlling 

a mechanism. 

Acupuncture:  An alternative medicine 

commonly practiced in Asia. The treatment 

consists of inserting needles into the human 

body, in order to block or help the flow of 

metaphysical energies. 

Agonist: A muscle being considered primarily 

responsible for generating a specific 

movement. 

Algorithm: A mathematical function that 

processes necessary inputs into desired 

outputs. 

EMG: Electromyography. Records the action 

potentials of specific muscle units by 

measuring the electrical currents in the 

neurological system. 

Erector spinae: A muscle group located at the 

vertebrae column, which is considered one of 

the most important muscle groups in the body, 

and the main agonist when performing 

flexion/extension in the vertebrae column. 

Extension: The movement of a joint in the 

human body that increases the angle between 

two bones in a sagittal plane. 

Flexion: The movement of a joint in the 

human body that decreases the angle between 

two bones in a sagittal plane. 

Kyphosis: A medical term used to describe an 

outward curvature of the spine. 

LBP: Low back pain. A term that includes all 

pain related diagnostics in the lower back 

(lumbar spine). 

Lordosis: A medical term used to describe an 

inward curvature of the spine. 

Lumbar: The abdominal segment the 

vertebral column also referred to the lower 

back or the lower. Consist of five vertebrae 

bones. 

Orthotics: An orthopedic device that supports 

or corrects the posture of the human body by 

using a contraption placed externally on the 

patient. 

Palpation: Locating anatomical points of the 

body by touch. 

PIP joints: The joint between foot and the 

toes. 

Placebo: A placebo is a simulated medical 

intervention that can produce a (perceived or 

actual) improvement, called a placebo effect. 

Sacral: Consist of 5 vertebrae bones that are 

fused together in maturity. This segment of the 

vertebrae column is placed below the lumbar 

segments, and is commonly wrongfully 

referred to as “pelvis”. 

Sagittal plane: Vertical plane which passes 

from front to rear dividing the body into right 

and left sections. 

Sciatica: Is a term for a number of symptoms 

including pain that may be caused by general 

compression and/or irritation of one of the five 

spinal nerve roots. It is a very common form of 

low back pain, as well as pain in the legs. 

Sham-acupuncture: Inserting needles into the 

human body like in acupuncture, without 

following its practices and theory. Meaning to 

insert needles into the body randomly, as a 

placebo-treatment. 

Somatic: Holistic body-centered ideology that 

focuses on helping people reconnect with 

his/her self and through exercise promote 

psycho-physical awareness and well-being. 

Spinosus process: Bone parts that are 

branching out from the main vertebrae body 

backwards, and serves as attachment for 

muscles and ligaments. 

TENS: Short for Transcutaneous Electrical 

Nerve Stimulation, meaning to stimulate 

muscle tissue through electrical currents, as a 

way to simulate nerve synapses and force 

muscle activation. 

Thoracic: The segment of the spine that hold 

the ribs. Consist of 12 bones, and therefore the 

largest segment of the vertebrae column. 

Vertebral column, Vertebrae: The backbone, 

the spine. 
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1. Introduction 

This chapter will give an introduction to the project and explain why the project was initialized, as 

well as present the history of the project. 

1.1 Background 

A lot of equipment has been developed to assist the manual lifting of objects, in an effort to reduce 

the risk of injuries associated with manual lifting tasks. These injuries are in majority located to the 

lower part of the spine, so called Lower-Back Pain (LBP). More than 70% of all people in Sweden 

will statistically suffer from LBP at least once in their lifetime (Nachemson et al 1991, Andersson 

1999). Products used as a mean to prevent occupational low back pain are commonly found at 

worksites where manual handling and lifting of objects are frequent (Ammendolia et al 2005). 

Some jobs have a higher risk to expose employees to LBP then other, as for example nursing, 

agricultural work and manufacturing/industrial work (Lin et al 2002). One of the most common, 

work related causes of LBP is manual handling of objects (McKean 2000, Nachemson et al 2000). 

For example lifting in and out of an industrial bin has been observed to increase the lumbar disc 

compression since the knee flexion is limited and increases flexion of the back (McKean 2000). 

Even though a lot has changed over the years regarding handling equipment and assistive lifting 

machinery especially for hospital nurses, the injuries hasn’t become any less frequent (Engkvist et 

al 2007). A study conducted in USA shows that LBP is responsible to one third of all work related 

deceases (Nachemson et al 2000). Several studies claims that back pain is the most common cause 

of activity limitation for people younger than 45, as well as being the second most common reason 

for visiting a physician, and about 2% of the workforce in the USA are compensated for back 

injuries each year (Andersson 1999). Even though the biomechanics and ergonomics associated 

with low back pain are frequently studied all over the world, not much is known about its 

occurrence (Nachemson et al 2000). It is unknown what causes low back pain, although strong 

correlations have been found between force exposure during lifting as well as work posture and 

low back pain has been observed (Nachemson et al 2000). According to Bagge et al (2010), 87% of 

the Swedish population suffering from prolonged pain symptoms wants to work and contribute to 

the society, despise their current condition. For more information and background, the viewer is 

advised to read Appendix A; “A literature study about the problems of low back pain and the 

solutions of today”. 
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1.2 Task requestor – Bioservo Technologies 

Bioservo Technologies was founded 2006 by researchers from the Karolinska Institutet and the 

Royal Institute of Technology in Stockholm. They are developing unique muscle strengthening 

equipment based on the patented SEM™ technology. Bioservo technologies combine their 

experience about human needs with modern robot technology in order to create innovative products 

that assist the body.  

 

Bioservo Technologies has through their extensive experience with modern day robotics and 

mechatronics developed a new and innovative technology to help and assist the human 

functionality. The SEM Glove improves the user’s ability to grip objects steadily through an 

external simulated muscle contraction. This new technology opened new possibilities in assistive 

devices, which gave way for this project idea during Martin Paulsen´s internship at Bioservo 

Technologies in 2010. 

1.3 Project objective 

This projects aim is to develop a new kind of assistive device that helps the user to lift objects in a 

symmetrical lifting task. The project will produce a product description with an innovative idea on 

how to reduce the risk of low back pain associated with manual lifting activities with the help of 

modern technology. 

1.4 Limitations 

 The project is limited to symmetrical lifting conditions. 

 No practical testing or trials will be conducted in this project in order to validate the 

product´s theoretical effects on the reduction of LBP. 

 Other means to rehabilitate LBP are not of interest to this project, such as drugs or surgical 

procedures. 
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2 Theoretical frame of reference 

This chapter will explain the scientific findings made in three pilot studies; “A literature study 

about the problems of low back pain and the solutions of today” as well as its complementing 

studies “Interviews of experts of interest concerning low back pain” and “A study of healthy adult's 

foot pressure pattern in a symmetrical lifting task”. The complementing studies were introduced as 

the scientific findings in the literature study were not efficient enough in finding the information 

needed to realize the thesis. The interviews were introduced to validate the information found in the 

literature study as being true and accepted by the professions being interviewed. The pilot study “A 

study of healthy adult's foot pressure pattern in a symmetrical lifting task” was executed in order to 

record the segmental movement in the spine during symmetric lifting conditions, as well as to 

record the feet pressure pattern situated under the feet. This study investigates if any typical 

movement patterns in the lumbar part of the spine and force pressure under the feet can be 

determined. 

2.1 Low Back Pain 

The problems of LBP (Low Back Pain) are many. One of them being its somewhat hazy definition; 

pain situated in the lower back. This means everything from muscle fever to spinal injury counts as 

pain situated in the lower back, while the only real denominator is the pain. The cause, symptoms 

and progression can therefore be very different and even individual between patients, which make 

LBP very difficult to treat. (Nachemson et al 2000) 

This thesis will focus on the LBP´s associated with manual lifting conditions, and will not 

comment on LBP´s as caused by for example accidents or surgery. 

2.1.1 The cause and prevention of Low Back Pain 

Even though the cause of LBP is very studied in the medical world, only small correlations have 

been found between cause and effect. One of the few strong correlations that have been found is 

between manual lifting/handling of objects and number of reported LBP´s (Nachemson et al 2000). 

The complexity of the causes of LBP is even more puzzling as psychosocial factors have been 

found to play a significant part for the occurrence of LBP (Anderson 1999, Nachemson et al 2000). 

There are some professions that are more exposed to risks of developing LBP, such as workplaces 

with manual lifting and handling of objects are common (Nachemson et al 2000). These 

professions (such as industrial work, warehouse hand, nursing), have been found to suffer heavier 

by the symptoms as they are commonly not able to return to their work as long as the pain is 

evident. 

 

Since many of the reasons behind the development of LBP is not yet found, the prevention of LBP 

is still to this day insufficient enough to reduce the number of LBP reported significantly. The 

preventive methodology is divided into two subgroups; primary prevention and secondary 

prevention. Primary prevention aims to stop the occurrence of low back pain before the person 

starts to even feel symptoms. Secondary prevention aims to stop the problem from getting worse to 

people who starts to notice symptoms. Both of them are generally following the same preventive 

measures, and most of these measures are implemented by their employer. Most people turn to 

experts when their pain starts to really become an everyday problem. (Nachemson et al 2000) 
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It is hard to measure objectively what helps and what doesn’t when it comes to preventive 

interventions for LBP. Common data collected are perceived pain, number of days absence from 

work due to illness, or ability to handle his/hers job. This makes it difficult to deduce what 

intervention is the best, since one might be able to reduce the perceived pain while not reducing the 

number of days absented from work.  To be able to statistically confirm the effect, huge number of 

participants is needed in the studies, as well as long observation periods. And when handling such 

huge number of participants, new problems occur, such as logistics, clear criteria of LBP, same 

kind of work being performed by cohort groups and so on. (Nachemson et al 2000) 

 

Education is a very used preventive measure at worksites, since it is considered cheap and 

appreciated by the staff. The educational program generally consists of discussions about anatomy, 

biomechanics, lifting technique, posture and a training program. Even though this intervention is 

commonly appreciated by the worker, it hasn’t been found to reduce the occurrence of LBPs. 

Mostly believed to be because the theory is not later used by the staff, since knowing is not the 

same as actually doing. It is also common that the worker starts to take preventive measures 

himself. This often leads to buying a lumbar support, since they are marketed to people who want 

to ease their workload on their back. Lumbar support devices have not been found to statistically be 

able to prevent the occurrence of LBPs. They have however been found to decrease the number of 

sick days compared to small or no interventions. (Nachemson et al 2000) 

 

The only intervention to actually been found to significantly prevent LBPs, is physical training. 

However, it has not been concluded exactly what kind of therapeutic activity is to be preferred and 

what is found to be less effective. It seems that is does not matter much what kind of activity is 

being done, almost everything seems to work just as well as another. It has even been found that 

giving a specific training program with a personal training plan, has the same effect as simply 

being recommended to work out. (Nachemson et al 2000) 

 

Another common intervention is to work with ergonomic experts in an attempt to improve the 

working conditions. This can be done be either changing the environment in order to ease the work, 

or change the activity entirely to benefit the worker. Not enough studies have been done concerning 

these kinds of interventions, to give any reliable data on the effectiveness of ergonomic 

interventions. (Nachemson et al 2000) 

2.1.2 Rehabilitation today 

Many different treatments are being used today, mostly because of disagreement between different 

disciplines. This is an attempt to introduce and explain the treatments that today are regarded as 

standard medical treatments. 

 

The physiotherapist is an educated specialist in physiology, anatomy and biomechanics, as well as 

social science and psychology (Larsson and Gard 2006). In the modern day medical treatment, the 

physiotherapist has got a very responsible role, as they are responsible for clinical decision-making, 

choice of treatment and also methods of evaluation (Axelsson et al 2010). The methods used by 

physiotherapists are however very different and inconsistent between the physiotherapists 

(Axelsson et al 2010). This leaves room for trial and error, which tends to enforce the separation 

and disagreements on what works and what does not as means to rehabilitate patients (Larsson and 
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Gard 2006, Axelsson et al 2010). Common treatment methods in physiotherapy are physical 

training, counseling, massage, manipulation and physical therapy (Axelsson et al 2010). It is also 

commonly discussed to what extend the medical world can and should try to alter the patient´s 

lifestyle, from an ethical point of view. Patients undergoing a rehabilitation program are often 

expected to perform life changing sacrifices in their life, as well as learn how to coop with their 

disability. (Axelsson et al 2010) 

 

The most successive way to rehabilitate and fasten the process of bringing patients back to work 

are “multimodal rehabilitation”, meaning a combination of interventions such as somatic, 

psychological, environmental and personality aspects must be regarded in the rehabilitation 

program conceived. This approach has been found to reduce sick leave and increased return to 

work, but not been found to reduce the perceived pain. In practice however, physiotherapists tends 

to develop different programs with different theoretical backgrounds (Larsson and Gard 2006). 

Another aspect is whether or not multimodal rehabilitation methods are cost effective, which has 

been found hard to suggest (Axelsson et al 2010). Many studies have been made were there have 

been no treatment of any kind, only advice to resume normal activity to greatest extent possible, 

with great results. Similar studies suggest that a return to work is actually a great rehabilitation 

method, if you can somehow ease the activities carried out. (Nachemson et al 2000) 

 

In orthopedic treatment methods, it is very common to use orthotics as a mean to ease the stresses 

and loads on the lower back. There are also operational procedures that can help reduce the 

lingering pain, as well as drugs (surgical operations and medical drugs are not being included in the 

project). An orthotic is an external device, used as a mean to support and assist the human body´s 

mechanical functionality (Nachemson et al 1987). There are today many different kinds of orthotics 

focused on back pain related problems, such as soft, rigid and enforced orthotics (Nachemson et al 

1987). Orthotics are frequently used in preventing LBP, as well as in rehabilitation purposes 

(Ammendolia et al 2005). However, studies show that the use of such orthotics are of no benefit 

and does not help preventing LBP significantly (Burton 2005, Granata et al 1997). They do 

however reduce the range of motion of the spine, but this has not been found to actually reduce the 

occurrence of LBP (Thoumie et al 1998). They also do not reduce the loads on internal spinal 

devices when worn (Rohlmann et al 1999). The design of commonly used orthotic is to reduce the 

movement of the spine, as a mean to hinder the user from working in a harmful posture, as well as 

reminding the user to maintain a good work posture (Nechemson et al 2000). 

 

Many physiotherapists criticize the use of orthotics by saying that they reduce the muscular 

strength of the user after long usage (Ammendolia et al 2005, Fayolle-Minon et al 2008). However, 

many studies show that there doesn’t seem to have any negative effect on the muscles strength, but 

does have a negative effect on the muscles fatigue after a long usage (Fayolle-Minon et al 2008). 

Why this is, is still somewhat unclear, but one common thesis is because of the enhanced helping 

effect of stabilizing the trunk, meaning the muscles gets too much help stabilizing the trunk 

(Fayolle-Minon et al 2008). 
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2.2 PLAD (Personal Lift Augmentation Device) 

The PLAD (Personal Lift Augmentation Device) was invented by Dr. Mohammad Abdoli-Eramaki 

(who received a PhD in Occupational Biomechanics 2005 from Queen´s University, School of 

Physed, Biomechanics and Ergonomics lab) and filed the PLAD for patent in December 2003. 

Since then the PLAD has been the subject to numerous articles, and gone through a considerable 

development change over the years, even though the idea is still the same. (Abdoli-E 2011)  

 

The PLAD is a new and innovative 

way to prevent the occurrence of 

LBP associated with manual lifting 

and handling labor. The device 

focuses on helping the person 

perform lifting of objects without the 

use of any electronics or motorized 

help. Instead, elastic elements 

(earlier prototypes resemble thick 

rubber bands, which then was 

changed to a contraption consisting 

of cords connected to springs) help 

the person extend the lower back. 

When the person is flexing the trunk 

in order to pick up the object, potential mechanical energy is stored in the elastic elements, 

positioned paralleled with erector spinae, and released when attempting to extend the lower back. 

To further assist the movement, a similar contrivance is used paralleled to the gluteus muscles. In 

order to evaluate the PLADs ability to assist the erector spinae muscles (which is considered to be 

the main agonist in the flexor/extension movement of the trunk) objectively, a lot of EMG assisted 

biomechanical models has been used (Abdoli-E et al 2006, Lotz et al 2007, Graham et al 2009, 

Godwin et al 2009, Agnew 2008, Abdoli-E and Stevenson 2008). The PLAD has through several 

tests been found successful at significantly reducing EMG activity in erector spinae at both lumbar 

as well as thoracic regions of the spine during symmetric lifting conditions (Abdoli-E et al 2006, 

Abdoli-E et al 2007, Agnew 2008, Abdoli-E and Stevenson 2008, Frost et al 2009, Graham et al 

2009,  Godwin et al 2009, Lotz et al 2009) (For more information about PLAD, see Appendix A). 

2.3 The Bioservo Technologies AB´s technology 

The technology invented by Bioservo Technologies AB simulates extra external muscles which 

helps the user in performing a movement. Bioservo Technologies AB has to this day one product in 

production, namely the SEM Glove. The SEM Glove (Soft Extra Muscles Glove) helps the user in 

gripping objects such as tools or bottles, by adding extra external muscles on the fingers of the 

user.. Long cords from the glove´s fingers are attached on a small backpack, where small actuators 

are placed. These actuators pull the cords as the sensors in the fingertips are pressed, and thus 

simulate an external muscle unit. This thesis will try and use this already developed technology as a 

mean to prevent the occurrence of LBP, and help the user in performing manual lifting activities by 

assisting the back muscles of the user in performing the labor. 

FIGUR 1: A PHOTO OF THE PLAD AND A SCHEMATIC ILLUSTRATION OF THE 

SAME POSTURE. THE ELASTIC ELEMENTS STORES KINETIC ENERGY AS THE 

USER IS BENDING FORWARD IN AN ATTEMPT TO REACH AN OBJECT. THIS 

ENERGY IS THEN RELEASED WHEN LIFTING.  
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2.4 Movement of the spine during a symmetrical lifting task 

When a person is bending down to perform a lifting task, 

the lumbar part of the spine changes it’s curvature from 

a lordosis to a slight kyphosis. How the curvature of the 

lumbar spine changes during a symmetrical lift can be 

seen in figure 2. The spine is well adapted to force 

exposure when the spine is not forward bended (see blue 

line in figure 2). It is considered harmful to lift and 

perform work when the back is curveted in a forward 

bending position (see purple line in figure 2). 

 

As the spine’s curvature changes from lordosis to 

kyphosis in the lumbar part of the spine, a length 

difference appear externally to the back. This is because 

of the distance between the center of movement in the 

spine and the skin.  

 

 

2.5 Force distribution under the feet 

The feet are the part of the body that is always exposed to the 

normal force from the ground when not sitting or laying down. 

The entire weight of the person is distributed over the feet, 

however not always in the same pattern. The feet are divided 

into two separate pressure pad areas; the anterior area and the 

posterior area (see figure 3). These two areas should be heavier 

exposed to the normal force then the rest of the foot under 

normal conditions. However the shape and condition of the feet 

varies between each person, and thus the force distribution is 

somewhat individual. The foot pressure distribution under the 

feet changes when extending/flexing the back as in a lifting 

motion. The pressure increases in the anterior area (along the 

PIP-joints) and decreases in the posterior area (at the heel) in a 

forward bending movement. The pattern findings have not been consistent enough as to suggest 

that this pattern is typical, as varieties have been observed. This inconsistency can be explained by 

difference in anatomy, but also by lifting technique and bodily condition. 

  

FIGURE 2: CURVATURE OF THE SPINE DURING A FORWARD BENDING 

FROM A STANDING POSTURE (0%) TO A FULLY FLEXED POSITION 

(100%). ORIGO IS SET AT THE FIRST SACRAL VERTEBRA (S1).   

FIGURE 3: EXAMPLE OF HOW THE FOOT PRESSURE 

PATTERN LOOKS FOR A STANDING PERSON. RED 

AREAS MEANS HEAVY FORCE EXPOSURE WHILE BLUW 

MEANS LIGHT FORCE EXPOSURE. 
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3 Method 

Lists and explains the methods used to progress the project. 

3.1 Literature study 

The literature study was created by using the two databases PubMed and ScienceDirect. The 

databases served as main information collectors by providing articles of interest. SBU´s (Swedish 

Council on Health Technology Assessment) rapports has been used as a main meta-findings source, 

and a lot of their findings has been presented in the literature study. The information about PLAD 

(Personal Lifting Augmentation Device) has been provided by the inventor Abdoli-E. The literature 

study was conceived by Martin Paulsen, and can be found as Appendix A “A literature study about 

the problems of low back pain and the solutions of today”. 

3.2 Interviews 

Three interviews were conducted; one physiotherapist, one orthopedic engineer and one project 

leader who have been writing investigating reports about prolonged back pain. These interviews 

were introduced as complements to the literature study, as it raised many questions. The interviews 

were made as a dialog between Herbert Eriksson, Martin Paulsen and the interviewed. The 

physiotherapist was consulted numerous times through telephone. The orthopedic engineer was 

meet in person at his workplace. The project leader was contacted through mail correspondent. 

These interviews were unscripted and did not follow a pre-determined process. The interviews can 

be found in Appendix B “Interviews of experts of interest concerning low back pain”. 

3.3 Motion Capturing 

Two self-made measurements were made in order to complement the literature study. One 3D 

motion capture of the spinal movement during a symmetric lifting task, and a force pressure feet 

pattern recording during a symmetric lifting task. The study was conducted by Herbert Eriksson, 

and stands as a separate study on its own. This study can be found as Appendix C “A study of 

healthy adult's foot pressure pattern in a symmetrical lifting task”. The data collected in the pilot 

study was then used to plot a range of important information by using the program Matlab. 

3.4 Product development 

The product development was based on information and data collected in the three pilot studies; the 

motion capture study, the interviews of professionals and the literature study. The three studies 

were made as three separate pilot studies. The findings from these pilot studies resulted in the 

product description, by making a solid theoretical frame of reference. The development has been 

continuous throughout the thesis, and has continually been altered and changed till its final form. 

The resulting idea is divided into two categorize; Mechanical and Sensory system. These categorize 

have been developed paralleled with each other. Instead of determining a fixed design, Appendix D 

“Calculations of how the angle alpha depends on the variable theta and the dimensions of the 

external spine” is introduced. Appendix D evaluates how the dimensions of the design influence 

the functionality of the device, and should be used as a tool when realizing the invention into a 

product. This was done by describing the design and mechanical function of the device 

mathematically in the program Mathematica. By changing one dimension at a time, the resulting 

change in function was investigated and analyzed. 
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4. Results 

4.1 The idea of the invention 

The invention is an on-body suit to be worn by workers prone to or at risk of low back injury to 

assist them with lifting tasks. The device uses a set of actuators that pulls a set of cords, as to 

produce an assistive force that helps the user in performing the lift. The actuators and tendons 

makes up a unit that could be described as external muscle units. However, the device does not 

carry the object by itself and does not replace the user´s own muscles, it simply assists them. 

 

 

 

 

 

 

 

 

 

 

The invention fulfills two assistive purposes; lifting the object and maintaining a good posture 

while carrying. When the user is attempting to lift an object while in a bad work posture, the device 

will assist the user in correcting this posture by adding extra muscle force depending on the weight 

of the object. While the user´s back is in a good working posture, the device will assist the user in 

maintaining this posture. However, the device will not be active at all when the user is not 

performing lifting labor. This idea makes the invention into a new kind of assistive device, which is 

actively reacting to the user´s lifting task. 

 

The device mechanics consist of actuators and cords that 

run through the device. The actuator and cord together 

makes an artificial external muscle unit in the same fashion 

as the Bioservo Technologies AB´s technology. The device 

is divided into three different parts; a top-part, middle-

section and a lower-part. The top-part is worn like a back-

pack, with straps around the shoulders. The lower-part is 

worn like a harness and is strapped around the thighs (see 

figure 5). The middle-section of the device is divided into 

smaller bodies, hereby named artificial spine bodies, which 

all have a lever arm that shoot out from the body. These 

lever arms allow the cords to work in a desired angle of 

approach to the artificial spine body that follows. As the 

cords are pulled by the actuators situated on the top-part of 

FIGURE 5: AN ILLUSTRATION OF THE DEVICE FROM 

A POSTERIOR VIEW. 

FIGURE 4: ILLUSTRATIONS OF THE FORCES THAT CREATS A MOMENT AROUND THE FIFTH LUMBAR DISC. THE FORCE FE IS PRODUCED BY 

THE USER´S MUSCLES WHILE THE FORCE F IS PRODUCED BY THE DEVICE. THE WEIGHT WM IS THE WEIGHT OF THE USER AND THE WEIGHT 

WP IS THE WEIGHT OF THE OBJECT BEING LIFTED TO THE LEFT: WHILE IN A STANDING NATURAL POSTURE, THE FORCE F HELPS MAINTAIN 

A FIX POSTURE WITHOUT ADDING TO THE COMPRESSURE OF THE LUMBAR DISCS. TO THE RIGHT: WHEN PERFORMING A LIFTING 

MOTION, THE FORCE F STRIFES TO HELP THE USER IN PERFORMING THE MOVEMENT BY ASSISTING THE BACK MUSCLES IN A SYNERGETIC 

MATTER, RELEIVING SOME OF THE FORCE PRODUCED BY THE MUSCLES. 
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the device, the device will produce a force with an angle that changes during the movement of the 

spine. When in a downward bend posture of the trunk, this angle will direct the force produced by 

the device more in the direction of the pelvis, and more and more directed orthogonal towards the 

user´s back as the user is rising up. The idea is to reduce the compressing as well as the shearing 

force produced by the device on the spinal discs, but also helping the user in the lifting movement. 

4.2 Mechanics of the device 

The middle-section of the device will consist of an “artificial spine”. These “artificial spines” will 

be places externally on the back of the user, providing supporting mechanics to maintain a good 

posture of the back. This means that the force produced by the device has to be directed towards 

the spine, thus forcing it into a fix stature. However, part of the force will also be used to help the 

spine by producing a force parallel with the force produced by the muscles situated in the lower 

back. The following is a description of the mechanics of the device. 

                                      
FIGURE 6: SCHEMATIC ILLUSTRATION OF THE DEVICE FROM A SAGITTAL PLANE VIEW. THE BLUE ILLUSTRATES THE SPINE OF THE 

USER, AND THE RED PARTS ILLUSTRATES THE ARTIFICIAL SPINE BODIES PLACES EXTERNALLY ON THE BACK OF THE USER. THE FIGURE 

IS USED TO INTRODUCE THE NECESSARY MEASUREMENTS OF THE ARTIFICIAL SPINE BODIES AS WELL AS TO SHOW THE DISTANCE X. 

 

The distance separating the artificial spine bodies (Distance X in figure 6) varies depending on the 

vertebrae column position. When standing upright in a neutral posture, the spine segment in the 

lumbar region is somewhat bent in a lordosis. When the body is bending forward this segment 

straightens out the vertebrae column, and a length difference occur. This will make the artificial 

spine bodies separate from each other, which is important to remember when making the design, as 

well as making the biomechanical calculations. 

 

 
FIGURE 7: A PLOT SHOWING HOW THE DISTANCE 

OF THE BACK CHANGES DURING THE LIFTING 

MOVEMENT. THE PLOT SHOWS THE SAME TIME 

PERIOD, PERSON AND LIFT AS FIGURE 2. AS THE 

PERSON IS REACHING DOWN TO THE OBJECT ON 

THE GROUND, THE LENGTH OF THE SPINE AS 

MEASURED EXTERNALLY TO THE SKIN INCREASES. 

THIS DISTANCE (REFERED TO AS DISTANCE X IN 

FIGURE 6) PLAYS A MAJOR PART WHEN 

DESIGNING THE DEVICE. 
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4.2.1 The artificial spine body 

The angle of approach for the force F is varied throughout the movement 

of the spine. This angle α (see figure 6) is important to describe in order 

to effectively design and construct the device. The artificial body has to 

be further detailed in order to successfully describe α. 

Figure 6 shows a schematic drawing of the measurements that has to be 

introduced in order to determina the angle α. 

 

 L: Length of the artificial spine’s spinosus. 

 N: The length of the artificial spine body’s lower part, from the lower to 

the body to the start of the Appendix of the spinosus. 

 M: The length of the artificial spine body’s upper part, from the Appendix 

of the spinosus to the top of the body. 

 β: The angle between the artificial spine body and the artificial body’s 

spinosus. 

How the design and dimensions effects the products function is 

fundamental when deciding the length and angles of the different parts.  

 

 

To analyze how the function 

changes, one constant at the 

time were changed and plotted 

in order to se the difference. 

These plots and results can be 

viewed in Appendix D 

“Calculations of how the angle 

alpha depends on the variable 

theta and the dimensions of 

the external spine”. This 

Appendix D investigates how 

the dimensions of the artificial 

spine bodies affect the functionality of the device, as a tool in designing the device. The tool can be 

used to optimize the design and desired function. The dimensions are left open for change as the 

function is also heavily depending on the hardware used. A greater motor can make the lever arms 

smaller, and the strength of the cords can limit the stresses that can be put on the device et cetera. 

Three different types of effects where then observed. 

 

How far back the user can extend the back is determined by the constants M (and thereby K) or N 

or beta. Adjusting these constants in the design will be a useful tool to further develop the device as 

to hinder the user in performing hyper-extensions (exaggerated extensions in the back to the extent 

that it is harmful) in the back.  Changing the magnitude of alpha will be crucial in the design, as it 

changes the angle of approach for the force produced by the device. A lower magnitude of alpha 

results in that the direction of the force gets more parallel to the users back. This can be modified 

by changing the constants M (and thereby K) or D. N and beta does also change the amplitude, but 

far less than the other two. Another effect of changing the magnitude of alpha is that alpha, and 

FIGURE 8: A SCHEMATIC PICTURE 

OF AN ARTIFICIAL SPINE BODY 

WITH APPOINTED DIMENSIONS. 

THE TOP PART OF THE DEVICE IS 

THE SOLUTION TO THE 

VARIATING DISTANCE BETWEEN 

SEGMENTS OF THE SPINE (SEE 

PICTURE 7) 

 

FIGURE 9: A SCHEMATIC PICTURE OF THE ARTIFICIAL SPINE BODIES IN THEIR INTENDED 

POSITION ON THE BODY. NOTICE SIMILARITIES WITH PICTURE 4 AND PICTURE 6. 

 



19 

 

thereby the angle of the force, becomes more sensitive and reacts more dramatically to theta. This 

is because of that the range where alpha is defined is constant, even if it may be displaced. This can 

be modified by the same constants as the magnitude. 

 

The number of spine bodies is also important. The total distance X as described above, will not be 

affected be the number of artificial spine bodies. However, the angle range that every artificial 

spine body will have to be able to move within will be reduced with increased number of artificial 

spine bodies. 

4.3 The sensory system 

The device will need a sensory system in order to successfully make the device able to response to 

the user´s lifting conditions. Two inputs are needed to be measured by the device; weight of the 

object being lifted, as well as the posture of the trunk. 

4.3.1 Weight of the object 

Since the object that a person lifts often differs between lifts, the device will need to be able to 

determine the weight of the object for each task. A kind of pressure sensor in the shoes should be 

able to se how much a person´s weight increases when an object is lifted and should then be able to 

calculate the weight of the object being lifted. 

 

In the measurements done in pilot study “A study of healthy adult's foot pressure pattern in a 

symmetrical lifting task” (see Appendix C), pressure under a foot seems to be distributed on an 

anterior and a posterior area. The pressure is centered at PIP joints and at the heel. When a lift is 

performed the pressure distribution between the anterior and posterior area seems to change and 

more pressure are transferred to the anterior area. This pattern of the pressure suggests that the 

pressure sensor should measure at least at two points under the foot; the heel pressure pad as well 

as the anterior pressure pad.  

 

 
FIGURE 10: THE FORCE DISTRUBUTED OVER THE FEET. THE RED AREA IS HEAVILY STRAINED WHILE THE BLUE AREA INDICATES LOW 

BURDEN. 

Important feature for the pressure sensor: 

 In order to be easy to put on and use the assistive device, the connection between the 

sensor and the controlling unit should be wireless. 

 The system should consist of at least two sensors under each foot; the heel pressure point 

as well as the anterior pressure pad. 

 Sensitive enough to determine a weight difference of at least 10kg. 
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4.3.2 Angle relative vertical plane 

Another important input, to determine the torque of the spine, is the angle between the upper body 

and the vertical plane. It is crucial to calculate the lever arm between the lower back and the 

external force. The chosen method of measuring the angle was to use both goniometers and an 

accelerometer.  

 

The goniometers are to be placed between the different parts of the spine, between each artificial 

spine body. This would give a more exact input of the external spine’s current shape to the control 

unit. This input data is important to have in order to determine the user´s posture, and to adjust the 

force produced accordingly.  

 

The accelerometer is needed 

because the goniometers can only 

tell of how the spine is shaped and 

not of the tilt of the hip. It is to be 

fixed to the body somewhere at 

thorax height. The accelerometer 

will determine in which direction 

the force of gravity operate 

relative itself. For this purpose, an 

accelerometer with at least two 

axes is needed. The use of an 

accelerometer with two degrees of 

freedom together with goniometers 

from pelvis to thorax will be able to determine the tilt of the pelvis, and allow the device to more 

accurately determine the posture of the trunk (see figure 11).  

 

The accelerometer will also be used to filter out sudden disturbances in the foot pressure sensory 

system. The vertical movement of the body’s center of gravity when bending down or up may 

otherwise result in that the controlling unit falsely thinks that the weight of the object suddenly 

have decreased or increased (much as jumping on or off a scale). Such untrue inputs can be filtered 

away by the accelerometer. 

  

FIGURE 11: A TWO AXIS ACCELEROMETER (BLUE BOX)   
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5 Discussion 

The function of the invention will be focusing on helping the user in working in a good working 

posture. While not in use, the invention will not restrict the user from natural movement of the 

spine until the user is attempting to lift an object. This makes the invention more user-friendly, and 

hopefully more attractive to be used as a preventive measure in workplaces were low back pain is 

common. Preventive measures have proven to be tricky to emphasize as important in order to 

reduce the occurrence of low back pain, but once someone has injured his or her self, solutions are 

very well sought of. This invention could prove to be better accepted and used at workplaces were 

manual lifting and handling of objects are both frequent and harmful to the user, since its 

movement restriction is lessened compared to lifting belts and orthotics. It is hard to determine how 

cost effective the device would be, since no such economic calculations have been made. The 

device would be more attractive as cost effective if the employer to worksites were manual lifting 

and handling are common.. If the device would have a washable inside, the device could be used by 

multiple user´s working in different shifts. 

 

The resulting device developed (hereby refered to as ALAD) is innovative and new, and the only 

found similar contraption is the PLAD (Personal Lifting Augmentation Device). The PLAD has 

been very influential in this thesis, and the only found evidence that can suggest such a device as 

developed in this thesis as virtual. The PLAD has of yet not proven to significantly reduce the 

occurrence of low back pain at worksites were manual lifting and handling of objects are common, 

but has through many articles been suggested as an intriguing and promising new way to prevent 

these kind of symptoms. While no such investigations have been made of the device developed in 

this thesis, the similarities between the two inventions do suggest similar results could be found. 

However there are many things that separate the two, as the PLAD stand for a simpler and less 

complicated invention then the ALAD. If ALAD were to be realized and able to work as desired, it 

should be more efficient at helping the user in maintaining a good posture while carrying then the 

PLAD, as well as be less restrictive of movement. 

 

It is quite alarming to see that so little is known about low back pain, even though it is very 

common and costly. The social economic result of low back pain in Sweden is huge, and burdens 

the welfare system heavily. While correlations has been made between manual lifting/handling and 

low back pain has been made, it is not as simple as to suggest that it is because of lack of strength. 

Low back pain is not a symptom unique for weak people. Numerous factors have to be accounted 

for, and not only biomechanical or anatomical. It was quite interesting to find out that even 

psychological and personality factors play a major part in the occurrence of low back pain. It is 

unclear what effect an on-body assistive device would have on those kind of factors. 

 

The self-made measurements that can be found in Appendix C “A study of healthy adult's foot 

pressure pattern in a symmetrical lifting task” can not be validated as true. Since no information 

could be found that could describe the movement of the spine during a symmetric lifting task in the 

way that was asked for in this thesis, it was instead decided that such a measurement could be done 

as a pilot study. That way the information could be saved in vectors and be handled in what ever 

way possible to satisfy the thesis´s demanded information. For this purpose, the program Matlab 
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was used, and handled in the best way possible with the limited knowledge about the program that 

Martin Paulsen possessed in order to plot the information that was sought. 

 

This pilot study has been conducted with barefooted subjects and the pressure shape under the foot 

may differ from a person using shoes, especially if the user have an individually designed insole. 

Such soles are often made to distribute the pressure over the whole foot. While other means to 

measure the weight of the object has been discussed, the mean to measure the normal force of the 

user was considered the most reliable way to measure this data. However, the results from the pilot 

study were not cohesive enough as to suggest that this method is not without its flaws. The 

instrument used in the study was not accurate enough to measure the correct normal force, while its 

precision was constant. This means that the instrument was unable to determine the true weight of 

the person, but able to show the same result in repeating measurements. This suggests that the force 

detectors placed in the shoes might not be able to determine the normal force correctly, but be able 

to detect an increase while lifting and carrying a load regardless. A more interesting debate was 

however about how the device should detect the posture of the user. The solution as described in 

the product description is just one of many ways to determine the posture. While many other ideas 

was discussed and investigated, the solution described served as the most realistic and accurate 

enough solution to make the desired measurements. 

 

The calculations made about the artificial spine bodies (see Appendix D “Calculations of how the 

angle alpha depends on the variable theta and the dimensions of the external spine”) have been 

conceived by Herbert Eriksson with the use of the program Mathematica. These calculations were 

necessary to analyze in order to see how the dimensions of the design influence the function of the 

device. As this function makes up the whole idea of the device, such a tool is needed in order to 

optimize the design of the device. This way, the optimization can be determined depending on 

motor strength, material, number of artificial spine bodies et cetera. 
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6 Conclusion 

The invention developed in this thesis does introduce a new kind of active assistive device to a very 

complex problem. While a lot of handling equipments have been developed, not many of them uses 

mechatronics attached to the body as to assist the human body.  The equipments used on-body 

today to prevent low back pain associated with manual lifting tasks is in most cases lifting belts or 

orthotics. These are used to stabilize the trunk of the user as well as to hinder the user from 

working in bad postures. This is done mainly by wrapping the trunk in elastic bands, thus 

increasing the abdominal pressure. However, this method has not been found to prevent the 

occurrence of low back pain successfully. 

 

A new kind of assistive device has been found, namely the PLAD (Personal Lift Assistive Device). 

Its new design helps the user in performing the lifting task by assisting the user´s back muscles 

while lifting an object. The PLAD uses a set of elastic elements as a mean to produce an extra force 

by letting the elastic elements store potential energy as the user is bending forward, and releasing it 

when rising up. The PLAD has been found to give positive results by users and several studies. It 

has not proven that the PLAD is effective in preventing the occurrence of low back pain associated 

with manual lifting tasks. For more information about the PLAD, see Appendix C “A literature 

study about the problems of low back pain and the solutions of today”. 

 

This thesis has been made as an attempt to develop a new kind of assistive device. The device 

developed, uses mechatronics in order to actively help the user in performing the lifting task. It 

helps the user in a very similar way to the PLAD mentioned above. The main difference between 

the two inventions is how and when this force is produced, and in what angles the force is 

implemented. The PLAD operates it´s force in parallel to the user´s back. The ALAD changes its 

force´s direction depending on the posture of the user. The force is directed aligned with the user´s 

back when the user is standing in a forward bent posture, and corrects this posture into an upright 

position by using the force produced. When the user is standing in an upright position however, the 

device helps the user in maintaining this posture by adding an extra force orthogonal to the lower 

back. As the PLAD uses elastic elements, the device is always restraining the user´s movement 

whether or not the user is actually lifting an object. The ALAD is designed to measure the weight 

the object being lifted, and activate as well as adjusting the force being produced accordingly. This 

means the device will be able to provide more assistance as the user is lifting heavier objects. This 

is the ALAD´s greatest weakness, as the technical solution is quite difficult to realize. Especially 

the normal force has proven to be hard to measure correctly with the use of force sensors implanted 

in the insoles of the user. 

 

The invention, ALAD, has been developed theoretically. This means the solutions has never been 

actually tested to prevent low back pain. As the reasons to why low back pain is so complex, so is 

its solution. It is therefore hard so suggest that a device such as ALAD is capable of successfully 

preventing low back pain at workplaces where manual lifting tasks are common. Even if the ALAD 

proves to be an effective product in preventing low back pain, there is still the problem of actually 

proving this. To statistically validate its effect, the lifting task would have to be very specifically 

carried out in order to rule out any other factor. The lifting task performed at one workplace is not 

necessarily comparable to a lifting task at another workplace. 
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1 Background 
This literature study was introduced as a pilot study for the bachelor´s thesis conducted by Herbert 

Eriksson and Martin Paulsen. This study was used to answer four fundamental questions about the 

medical world concerning LBP (Low Back Pain) today: 

 

1. How can LBP be prevented, and what causes LBP? 

2. How the problem is currently being treated, and how effective are the treatments? 

3. Are there any new innovative ideas out today that has to be accounted for? 

4. Are there any good statistics about social economic impacts caused by low back pain?  

These questions needed to be investigated in order to educate Herbert Eriksson and Martin Paulsen 

about the problematic world of LBP, as well as provide the bachelor´s thesis with a scientific 

background. 

2 Method 
A lot of studies have been made concerning LBP, all around the world. Some of these have come to 

our attention through the database ScienceDirect, because of their interesting and seemingly 

important aspects on LBP or assisting devices. A lot of the material used in this pilot study was 

however conceived and validated by SBU (The Swedish Council on Health Technology 

Assessment) by their reports. 

 

The more holistic treatment methods have only been mentioned briefly in this literature study, and 

only when SBU has been able to provide with insight. This is because a lot of the materials found 

on the internet concerning these methods are often based on non-scientific findings and/or self 

proclaimed experts, and therefore hard to refer to without enough knowledge about scientific 

validation methods. 

3 The causes of LBP 
Low back pain is, at its name implies, pain situated in the lower back. This segment of the spine is 

most active when the trunk of the body is either flexing, or extending (Hamill et al 2010, McKean 

2000). Based on this, there is reason to believe that tasks that are commonly associated with LBP 

are in some way forcing the employees to perform flexions or extensions of their trunks in a 

harmful way, either because of excessive strain or unnatural movement of the spine. Very little is 

known about the reasons to why people develop LBP, but it is clear that the development of LBP is 

strongly connected to force exposure, and time exposed to that force (Nachemson et al 2000). 

 

The injured themselves believe the reason to be a combination of many things, but the main 

reasons are problems with the lumbar disk, sciatica, muscular fatigue and/or lack of strength 

(Campbell et al 2005). However, a number of studies show that psychosocial factors play a 

significant role for the occurrence of LBPs, such as depression, unappreciated at work, et cetera 

(Anderson 1999, Nachemson et al 2000). An comprehensive study regarding tasks that causes LBP 

in the automobile industry showed that the common numerator for these kinds of injuries was 

integrated lumbar moment, force, peak shear force between the fourth and fifth lumbar spine 

segment and peak trunk velocity (Norman et al 1998).  

 

Musculoskeletal impairment is the most prevalent impairment according to Andersson (1999) for 

people aged up to 65 years. There is a strong correlation between manual lifting/handling of objects 

and reported LBP´s (Nachemson et al 2000). 
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4 The prevention of LBP 
A lot of different, sometimes contradictive, preventive means have been found after summarizing 

the literature studies. In order to ensure that the preventive theory presented and implemented to 

this project really is in today’s practice, these results will not be used, since it would be too much 

work to validate the theories against each other. The theory used is instead supported by the SBU´s 

report “Ont i ryggen ont i nacken” vol I and II. 

 

The preventive methodology is divided into two subgroups; primary prevention and secondary 

prevention. Primary prevention is to stop the occurrence of low back pain before the person starts 

to even feel symptoms. Secondary prevention is to stop the problem from getting worse to people 

who starts to notice symptoms. Both of them are generally following the same preventive 

measures, and most of these measures are implemented by their employer. Most people turn to 

experts when their pain starts to really become an everyday problem. 

 

It is hard to measure objectively what helps and what doesn’t when it comes to preventive 

interventions for LBP. Common data collected are perceived pain, number of days absence from 

work due to illness, or ability to handle his/hers job. This makes it difficult to deduce what 

intervention is the best, since one might be able to reduce the perceived pain while not reducing the 

number of days absented from work.  To be able to statistically confirm the effect, huge number of 

participants is needed in the studies, as well as long observation periods. And when handling such 

huge number of participants, new problems occur, such as logistics, clear criteria of LBP, same 

kind of work being performed by cohort groups and so on.  

 

Education is a very used preventive measure at worksites, since it is considered cheap and 

appreciated by the staff. The educational program generally consists of discussions about anatomy, 

biomechanics, lifting technique, posture and a training program. Even though this intervention is 

commonly appreciated by the worker, it hasn’t been found to reduce the occurrence of LBPs. 

Mostly believed to be because the theory is not later used by the staff, since knowing is not the 

same as actually doing. It is also common that the worker starts to take preventive measures 

himself. This often leads to buying a lumbar support, since they are marketed to people who want 

to ease their workload on their back. The theory of lumbar supports can be summarized shortly as: 

 

 Stiffens the trunk, and thereby making it more stabile, as well as hindering bad movements 

of the spine. 

 Remind as well as correct the user´s lift technique and work posture. 

 Increase the abdominal pressure, and decreasing the pressure in the discs. 

In theory, if a lumbar support were to fulfill these crucial points, they would surely be most 

effective at reducing the risk of developing LBP. Lumbar support devices have not been found to 

statistically be able to prevent the occurrence of LBPs. They have however been found to decrease 

the number of sick days compared to small or no interventions. The only intervention to actually 

been found to significantly prevent LBPs, is physical training. The theory of physical training is: 

 

 Strengthen the back muscles and increase the moveability of the spine. 

 Increase the blood flow to the back muscles, the joints and the discs, which is found to 

prevent tissue degeneration and increase tissue healing. 

 Increased moveability decreases the perceived pain. 

 

(Nachemson et al 2000) 
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However, it has not been concluded exactly what kind of therapeutic activity is to be preferred and 

what is found to be less effective. It seems that is does not matter much what kind of activity is 

being done, almost everything seems to work just as well as another. It has even been found that 

giving a specific training program with a personal training plan, has the same effect as simply 

being recommended to work out. (Nachemson et al 2000) 

 

Another common intervention is to work with ergonomic experts in an attempt to improve the 

working conditions. This can be done be either changing the environment in order to ease the work, 

or change the activity entirely to benefit the worker. Not enough studies have been done concerning 

these kinds of interventions according to SBU´s rapport, to give any reliable data on the 

effectiveness of ergonomic interventions. (Nachemson et al 2000) 

5 Rehabilitation today 
Many different treatments are being used today, mostly because of disagreement between different 

disciplines. This is an attempt to introduce and explain the treatments that today are regarded as 

standard medical treatments, as well as try to give a notion of the effectiveness of those treatments.  

5.1 Physiotherapy 

A whole thesis can be done regarding rehabilitation theory in physiotherapy, as there are many 

different methods used to rehabilitate LBP, both internationally as well as domestic. This chapter is 

a summation of some theories and methods used by physiotherapists. 

5.1.1 The physiotherapist 

The physiotherapist is an educated specialist in physiology, anatomy and biomechanics, as well as 

social science and psychology (Larsson and Gard 2006). In the modern day medical treatment, the 

physiotherapist has got a very responsible role, as they are responsible for clinical decision-making, 

choice of treatment and also methods of evaluation (Axelsson et al 2010). The methods used by 

physiotherapists are however very different and inconsistent between the physiotherapists 

(Axelsson et al 2010). This leaves room for trial and error, which tends to enforce the separation 

and disagreements on what works and what does not as means to rehabilitate patients (Larsson and 

Gard 2006, Axelsson et al 2010). Common treatment methods in physiotherapy are physical 

training, counseling, massage, manipulation and physical therapy (Axelsson et al 2010). 

It is also commonly discussed to what extend the medical world can and should try to alter the 

patient´s lifestyle, from an ethical point of view. Patients undergoing a rehabilitation program are 

often expected to perform life changing sacrifices in their life, as well as learn how to coop with 

their disability. (Axelsson et al 2010) 

5.1.2 Multimodal rehabilitation 

The most successive way to rehabilitate and fasten the process of bringing patients back to work 

are “multimodal rehabilitation”, meaning a combination of interventions must be made regarding 

somatic, psychological, environmental and personality aspects must be regarded in the 

rehabilitation program conceived. This approach has been found to reduce sick leave and increased 

return to work. In practice however, physiotherapists tends to develop different programs with 

different theoretical backgrounds (Larsson and Gard 2006). Multimodal rehabilitation programs 

have not been found to reduce the perceived pain, which is a huge part of disabilities associated 

with LBP. Another aspect is whether or not multimodal rehabilitation methods are cost effective, 

which has been found hard to suggest (Axelsson et al 2010). Many studies have been made were 

there have been no treatment of any kind, only advice to resume normal activity to greatest extent 
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possible, with great results. Similar studies suggest that a return to work is actually a great 

rehabilitation method, if you can somehow ease the activities carried out. (Nachemson et al 2000). 

5.1.3 Statistical proof of physiotherapist treatment 

The SBU rapport “Methods for treatment for prolonged pain” was published 2006. Further 

investigations has been conducted since then. SBU has because of this made an update of the 

rapport written 2006, with respect to rehabilitation for prolonged perceived pain regarding neck, 

shoulders and the lower back. This rapport´s aim was to give scientific ground for rehabilitation 

treatments being used today, in order to validate and unravel treatment methods effectiveness in 

prolonged pain cases. The rapport also takes to account cost effectiveness of methods used, which 

is considered as very important. The following results listed below are abstractions from that 

rapport; the reader is advised to read the full rapport in order to understand the whole context. 

(Axelsson et al 2010) 

 Multimodal rehabilitation: Psychological efforts combined with physical activities/training, 

manual or physiological methods, does provide good results when compared to none or less 

comprehensive programs. Multimodal rehabilitation programs have not been found to reduce 

perceived pain. Studies shows no significant difference in results depending on the multimodal 

method used regarding pain intensity, other symptoms, ability to perform activities or number of 

sick days. It is unclear whether or not the method is cost effective. 

 Physical activities/training, manual and physical methods as well as behavior altering 

treatments: Behavior altering treatments tends to increase the patient ability to perform daily 

activities after two to five years of rehabilitation compared to physical activities/training, manual 

and physical methods does on their own. Physical activities/training, manual and physical methods 

as well as behavior altering treatments was all found to give significant effects on patients, 

compared to none or less comprehensive programs. It is not statistically confirmed if it is necessary 

to follow up on the patients’ rehabilitation through meetings and interventions in order to be 

successful in the rehabilitation, or if it is enough to give simple theoretical advice to the patient.  It is 

unclear whether or not physical activities/training, manual and physical methods as well as behavior 

altering treatments are cost effective rehabilitation methods. 

 Acupuncture, TENS and trigger point therapy: The acupunctures effect on perceived pain is 

comparable to the effect of sham-acupuncture three months after treatment. The increase of 

functionality after acupunctural treatment for prolonged back pain is comparable to the effect of 

sham-acupuncture three months after treatment. Some evidence show acupuncture could be used as 

a compliment to other treatments in order to reduce pain. The evidence of TENS effect as a pain 

relief is not comprehensive enough to judge its effects. 

5.2 Orthopedics 

In orthopedic treatment methods, it is very common to use orthotics as a mean to ease the stresses 

and loads on the lower back. There are also operational procedures that can help done in order to 

ease the lingering pain, as well as drugs. Surgical operations and medical drugs are not being 

included in the project. 

5.2.1 Orthopedic engineers 

Orthopedic engineers has since 2006 been a legitimate own profession in Sweden. According to 

SOIF (Sveriges Ortopedingenjörers Förening), the work performed by an orthopedic engineer is 

defined as the integration between man and machine. An orthopedic engineer helps patients in 

finding fitting helping equipment, prosthetics and orthotics to the patient. (SOIF 2011) 
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5.2.2 Orthotics 

An orthotic is an external device, used as a mean to support and assist the human body´s 

mechanical functionality. There are today many different kinds of orthotics focused on back pain 

related problems. These can be divided into subcategorizes: soft, rigid and enforced orthotics. 

(Nachemson et al 1987) 

 Soft orthotics: A soft orthotic consist of soft elastic bands that wraps around the trunk as to increase 

the abdominal pressure, as well as helping muscles stabilize the trunk to maintain a good posture. 

They are the less restricting for the user´s range of motion, and are generally favored because of 

this. Lifting belts are also a kind of soft orthotic. They are mostly used as a mean to support the user 

with lifting and performing activities. 

 Rigid orthotics: The rigid orthotic are generally made of hard plastic or even metal. They are 

totally hindering movements of the trunk, and are mostly used in post-operational processes when 

the trunk should not be moved at all. Very uncomfortable, and users tends to feel somewhat 

handicapped when using these kinds of orthotic. 

 Enforced orthotics: Very similar to the soft orthotic, but with enforced plastic or metal details 

which hinders particular harmful movements. Some soft orthotics can be supplemented with 

enforcements, and by doing so falls under this category instead. 

There are also categorizations of orthotics regarding where the support is located. The ones used in 

LBPs are commonly: 
 LSO: Lumbo-sacral-orthotics. 

 TLSO: Thora-lumbo-sacral-orthotics 

 TLO: Thora-lumbo-orthotics 

Orthotics are frequently used in preventing LBP, as well as in rehabilitation purposes (Ammendolia 

et al 2005). However, studies show that the use of such orthotics are of no benefit and does not help 

preventing LBP significantly (Burton 2005, Granata et al 1997). They do however reduce the range 

of motion of the spine, but this has not been found to actually reduce the occurrence of LBP 

(Thoumie et al 1998). They also do not reduce the loads on internal spinal devices when worn 

(Rohlmann et al 1999). The design of commonly used orthotic is to reduce the movement of the 

spine, as a mean to hinder the user from working in a harmful posture, as well as reminding the 

user to maintain a good work posture (Nechemson et al 2000). 

 

Orthotics has even been found to cause injury to the user, mainly rubbing, pinching or bruising of 

the ribs. Other complains are being too warm to the skin, causing the user to sweat, as well as being 

hard to sit on a chair with. The most common complaint is however the decrease of range of 

motion to the user. (Ammendolia et al 2005) 

 

Many physiotherapists criticize the use of orthotics by saying that they reduce the muscular 

strength of the user after long usage (Ammendolia et al 2005, Fayolle-Minon et al 2008). However, 

many studies show that there doesn’t seem to have any negative effect on the muscles strength, but 

does have a negative effect on the muscles fatigue after a long usage (Fayolle-Minon et al 2008). 

Why this is, is still somewhat unclear, but one common thesis is because of the enhanced helping 

effect of stabilizing the trunk, meaning the muscles gets too much help stabilizing the trunk 

(Fayolle-Minon et al 2008). 
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6 Competing Projects 
Here is listed similar or rivaling projects’ being currently developed.  

6.1 Introducing PLAD 

The PLAD (Personal Lift Augmentation Device) was invented by Dr. Mohammad Abdoli-Eramaki 

(who received a PhD in Occupational Biomechanics 2005 from Queen´s University, School of 

Physed, Biomechanics and Ergonomics lab) and filed the PLAD for patent in December 2003. 

Since then the PLAD has been the subject to numerous articles, and gone through a considerable 

development change over the years, even though the idea is still the same. (Abdoli-E 2011) 

 

The device focuses on helping the person perform lifting of objects without the use of any 

electronics or motorized help. Instead, elastic elements (earlier prototypes resemble thick rubber 

bands, which then was changed to a contraption consisting of cords connected to springs) help the 

person extend the lower back. When the person is flexing the trunk in order to pick up the object, 

potential mechanical energy is stored in the elastic elements, positioned paralleled with erector 

spinae, and released when attempting to extend the lower back. To further assist the movement, a 

similar contrivance is used paralleled to the gluteus muscles. (Abdoli-E et al 2006, Abdoli-E et al 

2007, Agnew 2008, Abdoli-E and Stevenson 2008, Frost et al 2009, Graham et al 2009,  Godwin et 

al 2009, Lotz et al 2009) 

 

In order to evaluate the PLADs ability to assist the erector spinae muscles (which is considered to 

be the main agonist in the flexor/extension movement of the trunk) objectively, a lot of EMG 

assisted biomechanical models has been used (Abdoli-E et al 2006, Lotz et al 2007, Graham et al 

2009, Godwin et al 2009, Agnew 2008, Abdoli-E and Stevenson 2008). The PLAD has through 

several tests been found successful at significantly reducing EMG activity in erector spinae at both 

lumbar as well as thoracic regions of the spine during symmetric lifting conditions (Lotz et al 2007, 

Abdoli-E et al 2006, Godwin et al 2009, Graham et al 2009, Abdoli-E and Stevenson 2008). The 

Figur 1: A photo of the PLAD and a schematic illustration of the same posture. The elastic elements stores kinetic 

energy as the user is bending forward in an attempt to reach an object. This energy is then released when lifting.  
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recorded EMG during these sessions suggests that PLAD is effectively saving the muscles from 

exhaustion (Lotz et al 2007, Abdoli-E et al 2006, Godwin et al 2009, Graham et al 2009, Abdoli-E 

and Stevenson 2008). This was found to be true in both squat and stoop lifting styles, as well as for 

freestyle (Abdoli-E et al 2006). The method used in these tests is based on the findings that an 

increase of RMS (amplitude) and a decrease of MF (mean frequency) in EMG activity are reliable 

verifications of muscles fatigue (Potvin and Bent 1997). However, the maximum isometric strength 

isn´t affected by the use of the PLAD, as it remains unchanged whether or not PLAD is used (Lotz 

et al 2007). 

 

One key element in PLAD is of course the elastic elements. As stiffer elements provide more help 

to the extension muscles, a theoretical increased strain are put on the flexion muscles (Frost et al 

2009, Agnew 2009). As this is of major importance for the project, the hypothesis has been tried in 

many tests, but with mixed results. Some tests suggest evidence that the PLAD does not adversely 

affect flexion muscles such as rectus abdominis or the external obliques significantly (Graham et al 

2009, Abdoli-E and Stevenson 2008, Frost et al 2009). However, in Michael James Agnew´s Ph.D 

thesis (2008) there was found a significant increase in flexor activity of the trunk. Why the results 

varies so much is somewhat unclear, but it could be because of different elastic elements used in 

the different trails, as this affect the distribution of workload between flexor and extension muscles 

dramatically (Frost et al 2009, Abdoli-E et al 2007). 

 

To determine how stiffer elastic elements affect PLADs 

functionality, Frost et al (2009) conducted a test on how the 

stiffness influence the moment in the spine. Frost et al (2009) 

could statically prove that a stiffer element does reduce the mean 

moment in thoracic and lumbar areas for squat, stoop and 

freestyle lifting techniques. In contrast however, Michael James 

Agnew (2008) states that the effectiveness depending on the 

stiffness isn’t consistent, but heavily depending on angles in 

flexion. As a consequence, it is hard to successfully optimize how 

much force the elastic elements should produce in order to give 

maximum assistance throughout the whole kinematic sequence 

(Agnew 2008). The ideal stiffness according to Abdoli-E et al 

(2007) is to have the elastic elements stiff enough to support the 

upper body weight, yet not so much that muscle strength is 

needed in order to stretch them. With this in mind, Abdoli-E et al 

(2007) calculated that the PLAD can contribute a moment of 

about 22Nm to assist the erector spinae muscles. 

 

PLAD is theoretically able to reduce compression force at the L4/L5 joint, which is a desirable 

feature in order to recommend PLAD as a mean to reduce LBP symptoms (Abdoli-E et al 2007). 

According to Michael James Agnew (2008), this is only significant after 60 degrees of flexion. 

Whether or not PLAD is successful at reducing shear force at the L4/L5 joint is however somewhat 

contradictive, as Michael James Agnew (2008) suggest that the shear force in the L4/L5 joint 

significantly increases when flexion exceeds 60 degrees, while Abdoli-E et al (2007) suggest a 

reduction in shear force. This could be explained by a change in lifting technique and co-ordination 

when using the PLAD, compared to without (Agnew 2008). Even as this observed technique 

significantly reduced lumbar flexion and greater flexion about the hip, it is unclear what kind of 

effects this lifting style could result in after prolonged usage (Agnew 2008).  

 

 

Figur 2: The PLAD as intended to 

be used 
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Another important aspect in order to recommend PLAD as a help in rehabilitation and/or reducing 

LBP symptoms, is how PLAD affects the abdominal pressure and stability of the spine (Agnew 

2008). Michael James Agnew (2008) propose that PLAD has a negative effect on the trunk´s own 

stiffness as the trunk flexes forward, which tends to decrease the spines ability to absorb 

perturbation energy from sudden or unexpected loads and/or forces. In order to fix this, Michael 

James Agnew (2008) suggest a different contraption than elastic elements should be used in order 

to more accurately simulate actual muscles, which he believes to be the cause of the instability. 

 

 When subjects who participated in the different trials were asked to evaluate the PLAD after 

usage, new problems came to arise. Several of the subjects reported that PLAD was uncomfortable, 

mostly situated around the knees (Abdoli-E et al 2006, Godwin 2009, Graham et al 2009, Abdoli-E 

and Stevenson 2008). Other frequently reported problems was concerning the shoulder straps, 

which was found to be uncomfortable, area of excessive pressure and most of all hindering for 

range of motion (Abdoli-E et al 2006, Godwin et al 2009, Graham et al 2009, Abdoli-E and 

Stevenson 2008). It was also stated by some that PLAD greatly decreased the range of motion in 

legs and feet when attempting to walk with PLAD on (Abdoli-E et al 2006, Graham 2009, Abdoli-

E and Stevenson 2008).  

 

The majority of the subjects who participated in the trials stated that they felt like PLAD helped 

off-load their back in the down phase when reaching for an object, as well as in the upward lifting 

phase (Abdoli-E et al 2006, Abdoli-E et al 2007, Abdoli-E and Stevenson 2008). When 

questionnaire completed 2006 (early in PLADs development) asked whether or not the participants 

would use the PLAD, 20% replied No, 30% replied Yes and 50% replied Maybe after usage 

(Abdoli-E et al 2006). Another similar questionnaire completed 2009 however states that 8 out of 

ten participating subjects would wear the device everyday if offered, and the mean grading of the 

device was found to be 4.2 out of a possible 5 (Graham et al 2009). The PLAD hasn’t been 

successful at reducing the heart rate of the test groups when measured, nor has it reduced ratings of 

perceived exertion (Lotz et al 2007, Graham et al 2009). 

6.2 Exoskeleton 

Exoskeleton devices have in recent years been of huge interest as a mean to unburden loads, 

especially in military applications. Even though their potential is theoretically great in many 

purposes, they are still far from reaching that potential. As it is today, they are even found to 

greatly increase oxygen consumption as well as hindering a natural gait cycle. (Gregorczyk et al 

2010) 

 

One of the most recognized exoskeleton devices that is actually marketed to the medical world, is 

the Robot Suit HAL. HAL (Hybrid Assistive Limb) is intended to help disabled to walk, by 

recording the EMG signal from the motorical nerve attempting to execute a specific motion. The 

robot has a specific program that answers to specific EMG signals, as well as angle sensors at 

joints, to determine what movement the user is trying to perform. The HAL device has both lower 

and upper limb support. (Cyberdyne 2011) 

 

But the use of such a device in rehabilitation purposes is in direct conflict with the 

physiotherapist’s approach, since physiotherapists uses an active approach towards patients with 

low back pain. The most important interventions are patient education and exercise therapy. 

Reducing the workload is however a recommended treatment plans in the rehabilitation process. 

(Bekkering et al 2003)  
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7 Statistical data on LBP in Sweden 
Sweden doesn’t differ significantly from other countries regarding frequency of LBP, but the 

statistical data has been confined to Sweden. The data abstracted in this chapter is summarized 

from SBU´s rapport by Nachemson et al (2000), Ont i ryggen, ont i nacken vol I and ll. The rapport 

does not report how these statistics are limited to low back pain. The abstracts are selected pieces 

from the report that are of interest to this project; the reader is advised to read the full rapport in 

order to understand the whole context.  

7.1 Direct costs of back pain: 

The total cost directly linked to back pain in 1995 was approximately 2 436 million Swedish 

crowns. 

7.1.1 Institutional care 

Only 1 to 2 percent of patients with back problems are treated by institutional care. In 1995 there 

was approximately 14 750 patients currently treated in the institutional care solely because of back 

pain, and these caused about 125 700 days of sick leave (Nachemson 1991). The number of sick 

days hasn’t changed dramatically during the last ten years. The mean cost per day and person lost 

in sick leave, including cost for operations, lab and radiology examinations, was 3 300 Swedish 

crowns (orthopedic, chirurgical as well as internal medicine). That means the total cost in 1995 was 

415 million Swedish crowns in total. 

7.1.2 Non-institutional care: Physiotherapist and chiropractic treatment 

In 1995, approximately 4.8 million people were treated by private physiotherapists and 

chiropractors. Physiotherapists and chiropractors was compensated with 1 030 million Swedish 

crowns by RFV (Riskförsäkringsverket). A study conducted in Jämtland says that approximately 

60 percent of the cases treated by physiotherapists involved neck and back pain in the non-

institutional care, while it was only 42 percent in the institutional care. The total cost for therapy 

given by these physiotherapists was 952 million Swedish crowns. 

7.1.3 Non-institutional care: Rehabilitation 

RFV (Riskförsäkringsverket) are annually buying different kinds of rehabilitation services, such as 

education and training programs. In 1995, the cost for these services was 652 million Swedish 

crowns, while 40 percent of these were for the rehabilitation as a result of musculoskeletal 

problems. About half out of these 40 percent was because of back pain, giving a total cost of circa 

120 million Swedish crowns. 

7.1.4 Non-institutional care: Medical products 

Studies show that 2.2 percent of the grown up population of Sweden, yearly gets medical products 

prescript as a result of back pain. Calculations based on this assumption suggest that 152 million 

Swedish crowns worth of medical products are being prescript yearly. This is about one fourth of 

the total medical products being prescript yearly. 

7.2 Indirect costs 

Number of sick days for the whole country of Sweden was in 1995 19.8 million days per year. 

39 204 early retirement pensions was granted in 1995, were as 22 percent was because of back 

pain. The indirect cost because of back pain was calculated to be 16 750 million Swedish crowns, 

were early retirement pensions contributed with 10 200 million Swedish crowns. 
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8 Discussion 
This literature study proved to become quite large in size in order to cover the areas that were 

needed to summarize the problems of LBP.  This was to be expected, and also found to be 

enriching for the bachelor´s thesis. Even so, this literature study could not possibly cover every 

theory regarding LBP there is, as there as seemingly limitless number of articles written on the 

subject.  

8.1 The prevention of LBP 

The fact that LBPs is such a common and recurring problem, suggest that prevention is today still 

very ineffective. Lots of money is being invested into educational and/or training programs. Even 

though it is important that the exposed are given a good education in order to understand the risks 

and consequences associated with manual lifting and handling, this is clearly not enough to prevent 

LBPs.  

 

Unifying for all preventive interventions is the idea that the work posture is a very important factor 

in preventing LBP. Education, training, orthotic and ergonomic methods all try to emphasize the 

importance of posture, but from different angles of approach. Educational methods try to teach 

biomechanics and anatomy in order to make the personnel able to determine themselves the correct 

working posture for different situations. The training approach does instead try to be practical and 

teach the correct technique to be used. Orthotic methods try to assist the user in maintaining a good 

posture by hindering movement in the spine. Ergonomic methods try to adjust the environment so 

that the person doesn’t need to work in a bad posture, and ease the work being carried out. It is not 

however believed that one single method is enough in order to decrease the occurrence of LBP, but 

instead a multimodal method incorporating all these approaches. 

8.2 Rehabilitation 

Rehabilitation of today is very focused on getting people who suffer from low back pain back to 

work as soon as possible. The old approach of letting the patient rest has been abandoned, and 

since the fastest way to get rid of low back pain seems to be to train and use the body. An 

interesting point in this chapter is about the idea to return to work as a part in the rehabilitation 

process. This does not include the people who are injured, as there is a different in the definition of 

injured and low back pain. If the person is injured, then there is something physically injured on the 

spine or spinal cord. 

 

It is interesting to note that physiotherapists use totally different means to rehabilitate low back 

pain. It is hard to say anything as far as proof goes when comparing these methods against each 

other. No treatment methods except multimodal rehabilitation programs seem to be scientifically 

validated as means to rehabilitate people from low back pain. 

 

The use of orthotic devices as a mean to rehabilitate low back pain patients is quite controversy. In 

post-operation cases such as surgery, the use of rigid orthotic devices is necessary as the person´s 

spine is not allowed to move. However, the use of orthotic devices is also commonly found as a 

mean to allow the person to return to work. These orthotic devices are instead soft, and its effect 

questionable. 

8.3 Competing projects 

It was hard work to try and find similar projects being investigated and developed, and a lot of 

restriction had to be made in order to narrow the search. The searching was limited published ideas 

that would pose a threat for the patent for the bachelor´s thesis. The only interesting project found 

was the PLAD-project, being carried out in Ryerson University and Queens University, Canada. 
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8.3.1 PLAD (Personal Lift Augmentation Device) 

 A strong advantage with PLAD is that the device isn’t limited by batteries or mechanical problems 

that may occur with motorized systems. At the same time, the most reoccurring problems with 

PLAD are the somewhat complex customization options concerning the elastic elements. To stiff 

decrease range of motion, while too slack decrease its desired function. 

 

Overall it seems that a lot of positive things can be said about PLAD. The idea of assisting the 

user´s back muscles by the means of simulating external extra muscles seems to be an effective 

way to hinder LBP as well as reduce muscle fatigue closely associated with LBP. It has been stated 

that one of the important aspects in PLADs features is that with increased stretching of the elastic 

elements, the more potential energy is stored in them. This means that more help is offered 

depending on how much the trunk is flexing. When the posture of the user is at its normalized 

standing posture, the device provide minimum stress to the user and instead let the user be close to 

self-reliant of his or hers own muscle strength. In regards of comfort, a lot can apparently be said 

about PLAD. A lot of complains about restrictions in range of motion has been noticed. None of 

the trials or test completed with PLAD seems to have been focused on lifting and carrying an 

object for a distance. Restriction of range of motion in legs and feet seems not only uncomfortable, 

but also dangerous.  

8.3.2 Exoskeleton 

The exoskeleton devices are of course very interesting as a future mean to rehabilitate and, perhaps 

foremost, to prevent LBPs. Basically, exoskeletons consist of a very responsive robots which does 

the actual work, while the “driver” steers the robot like he or she would usually control their own 

body. 

 

The idea to almost entirely replace the body´s own mechanics is in conflict with the medical world, 

at least until qualified testing and studies has been conducted. For now, most of the research is 

conducted by militaries around the world, as to try and unburden their soldiers’ sometimes 

extensive equipment weight. 

8.4 Statistical data on LBP in Sweden 

Lifting-belt and commercially sold preventing devices are found to be sold quite often to specific 

work classes, where repetitive heavy lifting is frequent. That LBP stands for a significant part of 

the medical economic yearly outcome is not in any way surprising, but the data shown above is still 

quite alarming.  
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1 Background 
There are many professions that give themselves up as experts about low back and spinal problems, 

with different answers and treatment methods. Not only do they differ about theory, but they are 

based on totally different scientific or non-scientific disciplines, which make them contradictive. In 

the pilot study “A literature study about low back pain”, the more holistic treatment methods which 

has been found not to be based on scientific findings has been presented simplistically. 

 

This pilot study however, is an attempt to let the most recognized professions as well as experts 

about scientific validation influence the project. These came down to an orthopedic engineer, a 

physiotherapist and a project leader who has written one of the reports that has been included in the 

thesis. 

2 Interviews 
This chapter includes the interviews after some materials have been cut out that has been found to 

reveling about the individual interviewed, or where he or she works. These revised versions have 

been acknowledged and confirmed by the interviewed individual, and been included in this pilot 

study after their acceptance. 

2.1 Project leader for a health technology assessment 

The interview was conducted with a project leader working at this public authority. She has been 

conducting several rapports about help care assessments, and was included in an attempt to deeper 

understand the problems of finding scientific evidence to medical effects. 

2.1.1 The interview 

How much responsibility and weight should be put on the patient when designing a 

rehabilitation plan, regarding life changing sacrifices in their everyday activities and life? 

An ethical question which is really about the patient’s autonomy and integrity, something we have 

written about in the report Metoder för att främja fysisk aktivitet (SBU-report nr 181, 2007): 

“Amongst the methods used to promote physical activities that have been evaluated in this report 

are behavior interventions. These methods could infer an associated risk to be in conflict with the 

patient’s own life project, values, wishes and perspectives. The methods that educate and gives 

simple advice are less intervening and therefore less ethically controversy. 

 

… 

 

It is important to keep in mind the patient’s autonomy and avoid violation of the patient’s integrity, 

when applying these methods to promote physical activities. This can be done by combining a 

patient focused view in the chosen method to promote physical activities.” (Hellénius et al 2007, 

free translation from Swedish to English). 

 

Physiotherapist’s methods used in rehabilitation of the back seem to differ quite much. 

Would you say this is because of disagreement regarding what works and what doesn´t? 

I don´t know really. 

 

 

 

Is multimodal rehabilitation cost effective enough to recommend companies to invest in this 

method? 

The scientific evidence is not enough to safely be able to validate the methods cost effectiveness 

compared to other methods. 
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After reading the report, we got the impression that it doesn´t seem to matter what activities 

are being carried out in the rehabilitation process, as long as the person is performing some 

kind of work-out. Would you agree with that notion? 

The scientific evidence is, again, not enough to suggest that there is any significant difference in 

effectiveness between different interventions used by physiotherapists. Manual as well as physical 

methods have shown effects that are comparable in effectiveness with physical activities and 

exercises. 

 

Are there any activities that should be avoided when suffering from LBP? 

The report Ont i ryggen, ont i nacken by SBU from 2000 says that there is a strong evidence to 

encourage the patient to continue with their normal activities as soon as possible can give equal or 

quicker recovery from acute back pain than “traditional” medical treatment (such as analgesics, 

advisement to rest and “let the pain determine what you can and can´t do”). 

 

How should the effect of rehabilitation be measured? Perceived pain, sick days or costs? 

That depends on what the focus of the question is. In the rapport Rehabilitering vid långvarig 

smärta (SBU-rapport nr 198, 2010) we discuss the different measures used in the different articles. 

We choose to account for particular measures in that report (such as pain, sick days, function), but 

also for “global effects”, which means how the majority of the study’s measured data was affected. 

Unfortunately, there is very little data considering costs, which is a shortcoming in health 

technology assessment reports. 

 

Costs are a big concern for companies. Have you seen any good examples on what can and 

should be done in order to increase the cost effectiveness for the companies? 

No. 

 

What do you think about the idea to return to work as soon as possible after an injury? 

That depends of course on what kind of injury. In cases of acute LBP, the answer is the same as for 

the previous question (Are there any activities that should be avoided when suffering from LBP?). 

 

Do you think that the work being done by physiotherapists today are effective enough to be 

cost effective? Is it anything you would like to change regarding their methods that are being 

used today? 

I have no knowledge about that. 

 

What do you consider being the hardest when working with such huge rapports like your 

work on prolonged pain? Is it particularly hard to write about a topic such as back pain, 

since so many rapports contradicts each other? 

That is hard to answer. We use a particular method to accomplish these systematic reviews, and 

that method guides you through the process. 

That different researches gives contradictive results isn’t something that is unique for treatment of 

back pain. There are ways to deal with this, which is described in the reports methods sections. 
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2.2 Physiotherapist 

The interview was conducted with a physiotherapist from one of Sweden´s biggest center for 

treatment for spinal problems. The center houses a lot of different professions, such as surgical 

specialist (both orthopedics and neurosurgeons), rehabilitation specialists, pain specialists, 

psychiatrist, KBT psychologist, physiotherapist specialists (both OMT and MDT specialists), 

naprapath as well as nurses with special education in pain. 

 

The physiotherapist has been working at the center since 2006, and is a physiotherapist with a 

degree in OMT (Orthopedic Manual Therapy). Her area of expertise is in back and neck problems, 

and works with patients from insurance and industrial companies as well as the county councils in 

Sweden. She works with pre-operational treatments with orthopedics, and with a close relation in a 

multi professional team. 

2.2.1 The interview 

How big is the distribution between preventive and rehabilitation intervention in your work 

as a physiotherapist? 

It´s actually around fifty-fifty. We work a lot with educational and motivational work, giving the 

patients the tools to optimize their own life quality and physical condition.  

 

Would you say that there is a specific kind of work or profession that more frequently turn to 

you at Stockholm Spine Center then others? Does the profession somehow reflect the 

problem? 

No not really, we get as much blue-collars as white-collars with back problems. We do however 

mostly get patients who are employed, since most of our patients come from the insurance 

companies. 

 

Are there any methods, theories or treatments that unify the physiotherapist profession when 

concerning back problems? 

I do think that the insight that pain is not the same as injury is consistent, and to inform the patient 

that sometimes the back does hurt and that he or she shouldn’t be alarmed. We at this center does 

provide a lot of multimodal treatment methods, meaning we aim to make the patient self reliant and 

confident in that the human anatomy is a most powerful construction. 

 

How do physiotherapists stay updated with new treatments, technologies and laws? 

Most of these kinds of advancements make their appearance through articles in different medical 

journals. Otherwise internal training programs are useful. Everyone here has undergone special 

educational programs, and these programs always provide good forums for discussions and 

updates. There are also some congresses that provide a world wide rendezvous for us. 

 

Does the center you work at provide any special treatment that can not be found elsewhere? 

We here at this center do consist of a team with very different academic backgrounds. This does 

provide us with a close relation between professions that is quite unique. On top of that is the fact 

that we (mainly) work with back problems, which does makes us experts in this area of field. 

Multimodal approach is not unique on its own, but that all these professions are under the same 

roof is, and we work together in a team. 

 

Do all the physiotherapists at your center work in much the same way regarding treatments, 

or do this differ between you? 

Yes, we do, since we help and “use” each other quite frequently. We do often discuss problems and 

alternatives with each other, and that tends to enrich and develop us. You could say that we do 

choose slightly different paths, but with the same goal and basic praxis. 
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What do you at the center think about multimodal rehabilitation programs? 

We believe in the method, absolutely. The only problem is to prove and insure the insurance 

companies that it is a cost effective method, but the method has become more and more reliant. 

 

Where do your patients get in contact with you at the center? 

Our patients come from insurance and industrial companies, as well as county councils from all 

over Sweden. 

 

Is it hard to determine a correct diagnostic? 

Not really, no. Our work focuses on back problems, and we have many different professions in the 

team, and that really helps. We are experts in this area of field, and we help each other to establish 

a good diagnose. 

 

What kind of relation do you at the center have towards assistive devices such as orthotics 

and lifting belts? 

We don´t use them much, very rarely. 

 

How often does a patient return to you with a similar problem as before? 

Not often at all actually. Aging is of course a factor when regarding these kinds of problems, and 

therefore it is not uncommon for patients to, at some point, develop new similar problems. 

 

Would you say that one of the reasons to why LBPs are such a reoccurring problem is lack of 

muscle strength? 

Yes and no. To train both the external and internal muscles of the back properly have been found to 

reduce the occurrence of certain LBPs. At the same time, LBP is nothing unique to people with 

weak muscles. 

 

Should a person suffering from LBP try to relax or carry on as usual with their every day 

activities? 

As I said before, to understand that pain is not the same a being injured is essential. But it differs 

tremendously between patients as what they can and can not do, depending on physic, former 

habits and motivation. To progressively work towards resuming their lives to normal by adapting 

to the situation is the key. The same can be said about returning to work; adapt the workload 

instead of avoiding it entirely. 

 

How often do you find that the patient hasn’t really been doing what he or she was supposed 

to? 

Very rarely! It is of course important to motivate and educate the patient properly, since it is quite 

hard to get any result otherwise. Because of this, we try to develop specific training programs 

based on the patient´s need, demand and profession. 

 

If it was possible to increase the muscles strength produced by the back muscles, what kind of 

effects do you think it would result in? 

That’s a little hard to answer, since I have no experience with such a technology. But the body can 

manage quite well on it own. It sounds like a development idea for the static orthotic and corset 

that are being used today, but what effects this would have on the risk of developing some kind of 

low back pain is untested. We would however welcome any new addition and/or research on the 

field.  
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2.3 Orthopedic engineer 

The interview was conducted with an orthopedic engineer working at an orthopedic company 

located at a large hospital in Stockholm. He is experienced in the field and has worked in this line 

of work between 35 and 40 years. 

2.3.1 The interview 

What is the opinion about orthotic devices for the back among orthopedic engineers?   

It depends on which kind of patient we are talking about. For example, patients who use an 

orthotic device as a treatment after a trauma, they have no choice but use one to straighten the 

back for a short while. But if we talk about patients who use it for a longer period, there are some 

disadvantages. I.e. decreasing strength in the internal muscles as a consequence of the support 

given by the orthopedic device.   

 

What kind of orthotic device’s functionality have developed furthest? Rigid, soft or enforced? 

There are a lot more of the soft orthotic devices on the market. One reason could be that the 

patients have to use their own muscles more when using a soft orthotic device, which is better for 

the patient. But it depends on the diagnosis. For example when a patient have a vertebra fracture 

we have no choice but to use a rigid one. 

 

If you have a choice, would you give the patient a soft one? 

Absolutely. In fact, when a patient been using a rigid orthotic device and the injury start to heal 

they often get a soft one. The last step is then of course to be free of any orthotic device at all with 

the help of training. 

 

What are the largest problems with orthotic devices? Do the users complain about anything? 

The products gets dirty, warm and the users can get the feeling of being trapped inside.  

 

Do patients complain anything about restricted freedom of movement when using a orthotic 

device? 

No. In fact the freedom of movement does not get more restricted since without the orthotic device 

the patients freedom of movement are restricted due to the pain of the injury. A patient using an 

orthotic device will probably not be as sedentary since they feel stronger. 

 

Does patient keep from using orthotic devices due to lack of comfort? 

Yes, but only for those patients who have a lighter injury and only feel pain in the lower back.  

 

Is there anything in the orthotic devices today that you would like to change or develop?  

There are a lot of different orthotic devices from different manufacturer today and I cant say how I 

would like a better one to look like. Today we chose product after what we think fit the patient best. 

 

What do you think about other kind of treatments such as drugs, physical therapy, 

operations and so on? 

It is all about teamwork. We do our part, the physiotherapists do their part by getting the 

musculoskeletal system up and running and the doctors prescribes drugs to relieve the pain of the 

patients. That’s how the health care system works. It is not a one-man show.  

 

Do orthotic devices fit into a multimodal rehabilitation process and if yes, where? Only after 

an operation? 

No, absolutely not. We have for example a lot of elderly people in long-term medical care who 

constant need these kinds of devices.  
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Do you work with the labor market also? 

No, not especially. We sell some to workers who lifting heavy object in their work. Otherwise we 

only work with medical care here. We have however a store who sell some simpler orthotic devices 

nearby. 

 

Can you se a trend of how LBP has been treated during the years and where it might be 

headed? 

I have been in this line of work for about 35-40 years and when I started every corset where 

specially made by hand for the user. Nowadays there are a lot of semi-manufactured and 

manufactured products and it seems to be a lot more of these in the future. 

For rigid orthotic devices we uses laser scanning nowadays where we used to use plaster to get a 

model. This technical development saves both a lot of time and work. 

 

Do the patient have the orthotic device directly against the skin or do they have any kind of 

clothing between? 

We recommend that the patient have a t-shirt of any kind in-between, but the orthotic device should 

be close to the body. 

 

What do you think of a future for a “smart” orthotic device (that helps the user more when 

he is in a situation where he or she is more exposed for forces on the back)? In example in a 

lifting task. 

Absolutely. What you are trying to do sounds like something that is very much needed and sought 

of today. Everyone gets pain, more or less, in their backs some time during their lifetime. A lot get 

more pain, which results in sick leave from work. These people often work with manual lifting of 

objects.  

3 Discussion  
The information provided by the interviews has been quite important and tutoring for the project. 

The problem of low back pain needs to be viewed from different angles of approach in order to be 

treated successfully, and it is important that the device produced can and should be able to take part 

in a preventive and perhaps even a rehabilitation plan. 

3.1 Project leader for a health technology assessment 

The interview with the project leader for a health technology assessment was much needed in order 

to discuss and talk about the findings done in the pilot study “A literature study about low back 

pain” (see Appendix C). The articles and reports used in the pilot study “A literature study about 

low back pain” (see Appendix C) was somewhat vague and unclear about what can and can not be 

done about low back pain. There does not seem to be enough scientific evidence to suggest one 

treatment method over another, as the treatment results does not significantly diverse from each 

other. 

 

A lot of the treatment methods used today in preventive and rehabilitation does not seem to be 

statistically evidential. This means these kinds of applications should not be avoided for the 

product developed, as it could very well prove to be an effective tool to be used in some conditions. 

3.2 Physiotherapist 

The physiotherapist profession has got a key part in today´s medical world, as experts in physical 

treatment methods. It was therefore important that to interview someone in that profession with 

experience about low back pain, not only academically but also from a professional point of view. 

There are a lot of different treatment methods being used in physiotherapist purposes, some not 
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even based on scientific findings. The inclusion criteria were therefore that the interviewed had to 

be currently involved in a clinic specialized and recognized as a professional center regarding back 

pain problems. The interview focuses on two different key questions, being how this line of work is 

being carried out as well as trying to get some feedback on the idea of an active supportive system 

in order to reduce the risk of low back pain. 

 

It was important for the project to be able to understand and involve the physiotherapist world in 

order to make the product wanted in these kinds of applications, and to be able to understand how 

physiotherapists view the problem. One of the most enlightening points that came up was to 

separate the low back pain symptom from a low back injury. The symptoms of low back pain 

(mainly being pain) is very common and should be considered as an indication to be observant on 

the condition, but not viewed as an injury. Injury is instead when the spinal vertebrae has been 

damaged in some way. If the spine is injured, a device such as this project aims to develop should 

not be used. If the person is not injured however, but does feel back pain symptoms, then the 

device being developed could prove to be helpful as a mean to reduce the back strain in lifting 

conditions.  

3.3 Orthopedic engineer 

An orthopedic engineer provides hospitals with vital orthopedic products and helps the patients 

with choosing and installing these products. Since they work closely with orthotic devices and 

lumbar supports daily, the inclusion in this project as an influence was evident. The questions very 

more about orthotic devices and the future of orthopedic engineering, and was glad about the 

enthusiasm from the orthopedic engineer about the project. 

 

The main teaching the orthopedic engineer wanted to give to the project was not to view the 

problem of low back pain as one problem with one absolute solution. The aim of the product 

should focus on one factor and problem, suggestively working places where many manual lifting 

tasks are being carried out.  

3.4 Final thoughts 

All of the interviewed seemed to welcome the project and its aim, and their cooperation was gladly 

appreciated. All of the interviewed was experienced and had noticeably very good workmanship in 

respective field.  

 

Even so, there were some noticeable attitude differences about low back pain between the 

professions. The project leader was not very comfortable with commenting anything about low 

back pain per say, but gave a more scientific response to the questions. This was of course mainly 

because the project carried out by the project leader was a meta research about pain, and not back 

pain in particular. The physiotherapist and orthopedic engineer were quite eager to give their view 

of the problem of low back pain and their work. However, the two had different opinions about 

using assistive devices as means to prevent low back pain; the physiotherapist being a little more 

skeptic and the orthopedic engineer quite optimistic. Since no details about idea of the invention 

were described, it was quite hard for them both to comment on its design.  
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1Background 
A literature study was made in order educate Herbert Eriksson and Martin Paulsen in the problems 
and solutions of back problems today. However, the literature study did not give all the data wanted 
and therefore this study was conducted.  
 
This study was meant to answer two questions; how the spine moves during a symmetrical lifting 
task and how the foot pressure distribution under the feet look like in the same lifting task. This 
study is focused on how the foot pressure distribution changes during the lift rather than the spine 
movement. 
 
Few studies have earlier been done of pressure pattern during lifting tasks. Most commonly, foot 
pressure measurements are studied in combination with gait, standing posture or subjects with any 
kind of deformity or disease. However, it has been shown to be possible to determine the weight of 
an object lifted in a dynamic working situation using insoles pressure sensors, in combination with 
posture measurement (Ellegast, Kupfer&Reinert 1997). This would implicate that there is either a 
pattern to be found or that the pressure distribution does not change during the lifting task. The 
third case, that the pressure pattern is individual, would mean that a sensor for the whole foot is 
needed. 

1.1 3D-analysis 
A 3D-tracking system is used to track movement in space. The systems often consist of cameras 
that can transmit and record infrared light and of small reflective bulbs (called markers) placed on 
anatomical landmarks of the test subject. At least two cameras are needed to collect 3D data since 
every camera only can track movement in two dimensions. More cameras should be used to reduce 
the risk that one or more of the markers are visible to fewer than two cameras throughout the 
movement. (Robertsson 2004) 
 
The computer software can usually fill in a trajectory of a marker if it loses visible contact with the 
cameras during a recorded movement and if the gap is not too long. If it is too long there will only 
be empty space in the recording where the marker should be.  

1.2 Pressure mat 
In studies of motion, a force measuring plate is often included to measure the contact force with the 
floor. The data from this plate is however a simplification of what really happen since the contact 
force is seldom distributed equally over the contact area. A more detailed way of measuring is 
needed some times e.g. a pressure mat. 
 
A pressure mat consist of a matrix of sensors that all measure the force over a specific area. Since 
they all measure the force over a specific area, the data output will show a map off how the force is 
distributed over a larger area. This can be used to find points of the contact area where higher 
pressure are applied. The sum of all of these sensor’s forces will be equal to the force measured by 
a force plate over the same area. (Robertsson 2004) 
The force sensors consist of either capacitance or conductive cells. Capacitance cells consist of two 
conducting materials with a nonconducting dielectric material in-between. When a force is applied 
the distance between the conducting materials will be reduced and a change in an electrical charge 
can be measured. (Robertsson 2004) 
 
Conductive sensors are constructed in a similar multilayered way but with a conductive material 
that changes resistance when exposed for a force. Depending on how high the resistance of the 
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material is, the pressure mat can determine how much force that is applied on that cell. (Robertsson 
2004) 
 
By calibrating the pressure mat, the user establishes the relationship between the force applied and 
the measured electric charge/resistance in the cells. (Robertsson 2004) 
 
Today flat pressure sensors for the foot are often used in biomechanical studies. They can however 
only measure vertical forces, which become a problem when three-dimensional force distribution is 
needed in the study. (Rouhani et al 2010) 

2. Objective 
The purpose of this study was to determine if there is a change in pressure distribution under the 
feet in a symmetrical lift from the ground with an easy load. If there is a change, does it change in 
any particular pattern that is similar for different test subjects?  

3. Method 
3.1 Equipment 
The chosen measurement instruments for this study were a pressure mat and a 3D motion capture 
system. The pressure mat used was of the CONFORMat sensor model 5330 from the company 
Tekscan Inc. Itconsists of 32*32(1024) resistive sensor cells with a resolution of 0.5 pressure cells 
per square cm. The mat is made to be used to track seat pressure from a sitting person but can be 
used to measure pressure for other things as well. In this case the mat was used to measure foot 
pressure. The software used for analyzing the data from the pressure cells was Conformat Research 
ver. 7.01C. 
 
The 3D motion capture was made with a system from Qualisys AB with six cameras collecting data 
at 120 Hz (frames per second). Four of the cameras were of the model MCU 500 Hz ProReflex and 
two of the model MCU 1000 Hz ProReflex. Two different sizes of markers where used with a 
radius of 8 mm and 5 mm. The smaller ones where used to mark the lumbar spine and SIPS since 
the system had problem to tell the markers apart when the larger ones where used. The software 
used to process the data from the motion capture where QTM from Qualisys AB and Matlab from 
Mathworks Inc. 
 
Weight and length were measured as well. A standard digital scale where used to measure weight.  
 
For documentation a camera was used to record some of the measurements. The data was only used 
to look for errors in the test (if any would occur) and not used in the final result. 
A mobile phone of model HTC Wildfire was used to take pictures of the marker settings of each 
person. 

3.2 Subjects 
To participate in this study the subjects had to be between 20 and 50 year of age and have no earlier 
diagnosed back problems. To be able to palpate landmarks on the body the subject had to have a 
body mass index (BMI) between 18.5 and 25. 
 
Five subjects, three male and two female, between 21 and 27 years of age participated in the study. 
They had a BMI between 18.7 and 24 and no earlier diagnosed back problems. One of the subjects 
(female) where however excluded from the results. 
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All subjects were informed of what was expected of them during the measurement and that none of 
the information collected by the study was to be connected to them in the report without their 
consent.  

3.3 Set up 
The pressure mat was placed 
in a 90-degree angle relative 
the motion capture system’s x-
axis to minimize any 
movement data collected in 
the x-axis direction. A flat, 
empty box (4*35*35 cm) with 
the weight of 190 g was 
placed against the front edge 
of the pressure mat. 
 

 

Figure 1: Set up of the test. X-axis is set to be perpendicular to the bending  
direction. 

3.4 Test procedures 
The measurements where conducted at two different dates. One of them 
in the morning (with two subjects) and the other one in the afternoon 
(with three subjects). A pre calibration had been done for the pressure 
mat in order to minimize the set up time at the measuring date. The 
motion capture system needs to be calibrated every time it is put to use 
though, which was done at both these dates. 
 
The weight and length of the subjects were measured after the subjects 
had changed into clothes worn in this study (shorts for males, shorts and 
top for females). A total of 21 markers where placed on specific 
landmarks of the subject’s body as shown in fig. 2. The subject were 
then instructed to stand on the pressure mat with their feet shoulder 
broad and the front of their feet two pressure cells (as marked on the 
mat) in from the front of the mat. Furthermore they were instructed to 
lift the box from the ground without bending the knees or lift any foot 
from the ground. If they were not able to reach the box without bending 
at the knees, they were instructed to bend at the knees after they reached 
a full extension of the back in the lift. 
 
Every subject performed the lift three times if no complication were observed. If a complication of 
any kind were noted in a lift, another lift was made to replace the first one. 
 
A protocol was used to document each subjects data and if there were any problems with a lift. See 
Appendix 1. 
  

Figure 2: Marker placement 
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3.5 Analyzing the data 
By using Matlab the data of the T1 (first 
thoracic vertebra) marker where used to create 
graphs of the movement in each of the three 
directions (X, Y and Z). It was then used to 
see for how long the lift lasted and to compare 
the movement from the different 
measurements to each other. Comparing in 
this case refer to see if the curves seem to be 
alike. 
 
The data from the pressure mat was analyzed 
by using Conformat Research. The area of the 
foot pressure was split into an anterior area 
and a posterior area. It was divided at the point 
between the heel and the PIP-joints where 
there seemed to be least pressure in a standing position before the lifting. A graph of how the total 
force for each of these areas (including the whole area under the foot) was drawn. These graphs 
were then compared to each other and at three measurement points (start, middle and end of the 
lift). The total force of each area was presented as a percentage of the total force over the whole 
foot. For more foot pressure distrubution pictures se Appendix 2. 
 

 
Figure 4: Example of foot pressure distribution during a symmetrical lift. In the graph, the red line is the pressure 
over the anterior area, the green line is the pressure over posterior area and the teal line is pressure over the total 
area. 

Figure 3: Example of the T1 movement in the three directions 
X, Y and Z during a symmetrical lift. 
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4 Results 
As can be observed in figure 5 the movement of T1 follows the same pattern for all four subjects.  
 

 

 
Figure 5: Marker T1 movement during a symmetrical lift for subject 1, 2, 4 and 5. Top-left: Subject 1.Top-right: 
Subject 2. Bottom-left: Subject 4. Bottom-right: Subject 5 

 
For three of the four subjects there is a clear movement of the pressure from the posterior part of 
the foot to the anterior part. Subject 5 had however a different pressure pattern when lifting the 
object. No observed corelation could be find between Subject 5 different pressure pattern and the 
movement of the T1 marker.  
 
Table 1:  Force over different areas of the foot at start, middle and end of each subject’s lift. 

 

Subject 1 Subject 2 Subject 4 Subject 5
Start Middle End Start Middle End Start Middle End Start Middle End

Anterior (% of total) 40,9 70,4 40,7 54,4 67,7 47,1 30,3 80,7 43,3 69,8 68,2 67,7
Posterior (% of total) 59 29,6 59,3 45,6 32,3 52,9 69,7 19,2 56,7 30,2 31,9 32,4
Total (% of weight) 129,5 115,3 121 103,8 140,4 91,4 103,3 67,4 108,5 113,8 113,3 117
Total (kg) 77,8 69,3 72,7 74,7 84,4 65,8 55,8 36,4 58,6 92,5 92,1 95,1
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5 Discussion 
Only the T1 marker was used to track the movements of the back in space and compared to the 
pressure pattern. The T1 marker is used because it experiences the most movement of the markers 
of the spine since it is the marker (on the back) farthest away from the center of movement when 
bending with fixed knee angle. The position data from the other markers on the spine were used 
tose how the curvatures of the spine varied throw-out the lift but was not compared with the 
pressure pattern.  

5.1 Method 
Too many markers were used in this study since only the markers on the back were used. The setup 
of the markers took some time and that extra time could have been used to measure more subjects 
instead. 
 
To make the study as harmless as possible, the box in the study weighted as little as possible. In a 
working situation a typical lift would probably include a much heavier object. This may affect the 
posture and movement of the user lifting. It may also change the pressure pattern under the feet if 
the object is heavier andplaced a bit in front of the body. This should be considered before 
implementing the data from this study into a project for a real working situation. 
 

Using a pressure mat of CONFORMat 
sensor model 5330 did not give the expected 
results. The total force over the whole mat 
varied a lot during a lift as can be seen in 
fig. 6.  
 
Some drop of the total force are to bee 
expected when the body’s center of mass is 
lowered, but an equally increase above 
normal should occur when the subject rises 
up again. In this measurement there is only 
a drop of the total force and therefore there 
must be an error in the measurement. One 
reason for this error could be that the 
pressure cells can not react fast enough to 
changes and thereby give away false data.  
 

Another reason could be that the pressure cells have problem measuring such great pressures. It is 
created to measure a person’s body weight over a larger area (when sitting on it) and may have 
problem with all that force concentrated on such small area. As Rosenbaum and Becker (1997) 
points out it is important to use pressure measuring equipment that are intended for the task at 
hand. If anyone wants to try to conduct a similar study they should consider using another pressure 
mat, or insole pressure measurement equipment, that is made for measuring people in a standing 
position.  
 
Another aspect to think of when choosing equipment is to pick systems that can be connected 
together and collect data during the same time period. The problem in this study was that the 
recording of the data had to be started separately for the two systems. This meant that sometimes 
they started with a delay from each other and there is no way to be absolutely certain where in the 
pressure recording the lift starts.  

Figure 6: Example of how the total force on the mat (teal
line) changes during a lift. 
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Only five test subjects have been used in this study, which makes the results questionable. 
According to Pataky et al (2010) there should be no less then 20 test subjects in a study of foot 
pressure distribution since people’s feet differ a bit from each other. They also recommend not 
using more then 40 test subjects since it will yield little improvement of the results. 

5.2 Analyze 
One of the subjects (Subject 3) in this study was excluded since the data for the marker T1’s 
position had too long gaps in all of the three measurements.  
 
Analyzing of the data from the motion capture system was chosen to be simple since the software 
normally used only was available on one computer at school with limited access. The data were 
therefore exported from this software to the software Matlab. The analysis had however, without 
more extensive knowledge of how Matlab works, to be kept simple. 

5.3 Result 
The movement in Y-axis direction 
(green line fig. 5) creates a kind of 
plateau in the middle of the lift in 
all four measurements. This was 
suggested to depend on that the 
subject needs to transfer weight 
further back by moving the whole 
upper body, including marker T1, 
backwards. If this is not done, the 
subject’s center of gravity will be 
outside the base of support and the 
subject will fall. 
 
A second reason could be that as 
a rotating object gets closer to be 
parallel to the measuring 
direction, there will be less increase of length in the measuring direction per degree of rotation. In 
this case the hip/lumbar spine is the rotation center and T1 the rotating object. This effect increases 
since the upper part of the back passes the measuring direction when fully bent forward. This can 
be seen in the right picture of figure 7. 
 
5.4 Further studies 
In a future study it would be interesting to see how pressure distribution under the foot varies in the 
same motion as in this study, but with different insoles. Does the pressure get distributed more 
equally under the foot in a lift when wearing custom made insoles? 

6 Conclusion 
Little can be told from the results in this study more than some of the pressure seems to be 
transferred from the heel forward to PIP joints (proximal interphalangeal joints) when bending 
forward to pick up an object. This was not true for all four subjects and therefore the pressure under 
the whole feet should be measured to calculate weight difference.However, since the test group 
only consisted of five subjects (of which one was excluded), the pressure mat obviously does not 
give reliable data and that there is no way to be certain where in the pressure mat recording the lift 
starts; nothing about the results can be said with any certainty. 

Figure 7: Left: Simplification of how T1 moves in a symmetrical lifting task. 
Right: Measured movement of the back during a symmetrical lifting task. Origo 
is set to the S1 marker and therefore the position of the S1 marker relative the 
room is not visible. 
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Appendix 1: Protocol 
 
Testperson: _______________ 
 
Kön: ___________  Längd: _______ BMI: ________ 
 
Ålder: _________  Vikt: _________ 
 
Tidigare diagnostiserad ryggskada? __________ 
 
Test 1 ___________________________________________________ 
Test 2 ___________________________________________________ 
Test 3 ___________________________________________________ 
Test 4 ___________________________________________________ 
Test 5 ___________________________________________________ 
Test 6 ___________________________________________________ 
Test 7 ___________________________________________________ 
Test 8 ___________________________________________________ 
Test 9 ___________________________________________________ 
Test 10 ___________________________________________________ 
Test 11 ___________________________________________________ 
Test 12 ___________________________________________________ 
Test 13 ___________________________________________________ 
Test 14 ___________________________________________________ 
Test 15 ___________________________________________________ 
Test 16 ___________________________________________________ 
Test 17 ___________________________________________________ 
Test 18 ___________________________________________________ 
Test 19 ___________________________________________________ 
Test 20 ___________________________________________________ 
Test 21 ___________________________________________________ 
Test 22 ___________________________________________________ 
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Appendix 2: Foot pressure distribution images during a lifting 
task 
This document only aims to give the reader a better view of how the foot pressure can vary during 
a symmetrical lifting task. Since movie clips can not be printed on paper a sample of snapshots 
(every 30th frame from beginning to the end of the lift) from the movie is presented here.  The 
white and gray square between the feet mark the position of the center of pressure. As can be seen, 
the center of pressure moves forward towards the toes when bending down to pick up an object. 
In the pressure mapping of the feet the red area marks a high pressure and the blue a low pressure. 
In the graphs teal marks the total pressure over the whole feet, red the anterior area and the green 
posterior area. 

Subject 1: 
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Appendix D: “Calculations of how 
the angle alpha depends on the 
variable theta and the dimensions 
of the external spine”

Introduction
This document describes how the calculations of the angle Α has been conducted. Most of all trigonometric functions have
been used, especially the laws of sines and cosines. This is meant to be looked at as model and may not be exactly correct
for a future product even though it has been validated through simple paper models. 

The document is divided into two parts. The first of how the distance X depends on the angle Θ and the second of how the
angle Α depends on the angle Θ. The angle Θ is the same angle that the goniometers in the external vertebra are meant to
measure. 

Remove@"Global`*"D
Part 1: Calculation of X as a function of Θ

Before the calculations of X starts some definitions and explanations of the model is necessary. In the pictures: 

• The boxes represent the different artificial spine bodies. 
• D : Distance between the artificial spine and the vertebrae column.
• Yc : Distance between the center of every other vertebrae disc. Assumed to be constant.
• Ya : Distance between the center of two artificial spine bodies.
• X : How far apart two connected parts of the artificial spine is from each other. See the pictures in the beginning of part
two of the document for further explanation of X.
• Θ : Angle between two artificial spine bodies. 

This relationship makes it possible to calculate how much the distance between each artificial spine body is depending on

the angle Θ.  Using the law of  sines makes it  possible to calculate this  dependence S i nH90L
D

=
S i nJ Q

2
N

Yc-Ya

2

.  D is  a function in

Mathematica and therefore d is used instead of D in the calculations.
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This relationship makes it possible to calculate how much the distance between each artificial spine body is depending on

the angle Θ.  Using the law of  sines makes it  possible to calculate this  dependence S i nH90L
D

=
S i nJ Q

2
N

Yc-Ya

2

.  D is  a function in

Mathematica and therefore d is used instead of D in the calculations.

YcYa = YcYa �. SolveB SinA90 Π

180
E

d
==

SinA Θ

2
E

YcYa

2

, YcYaF �� First;

This equation calculates the length difference between the artificial and human spine. This means that the difference (Yc-Ya)
is 0 when Θ is 0. However, since the distance between the artificial spine parts should be 0 when the artificial spine is in a
extended end position, a constant need to be added to the equation. This constant, Xr, is set to the length difference between
a fully extended artificial spine and a strait artificial spine. This length difference should be measured in a study. 

 If Xr is the total length difference of the fully extended artificial spine and a strait artificial spine, then the calculated

distance X is as follows: X =
Xr

n-1
- 2* D* S i nI Θ

2
M where n is the number of parts of the artificial spine.

X@Θ_D =
Xr

n - 1
- YcYa

Xr

-1 + n
- 2 d SinB

Θ

2
F

Part 2: Calculation of the angle Α as a function of Θ
Before the calculations continue some more definitions and names of the different parts and angles of the model of the
external vertebra needs to be explained. The left picture shows a model of a vertebra of the artificial spine. The top part with

the length Xr

n-1
 is a kind of slider where the lower part of the next vertebra is supposed to slide. The right picture shows a

model of how two vertebras of the external spine are supposed to fit together. The part with the length Q is a cord which
creates the movement of the artificial spine.

Xr

n-1
: The lenght of the slider. Constant.

Xr : The total change in lenght of the external spine. Constant.

n : The number of vertebras in the external spine. Constant.

M : The distance between the slider and the lever arm' s point of attachment. Constant.

N : The distance between the lever arm' s point of attachment

and the rotation center of the vertebra ' s end.Constant.

L : The lenght of the lever arm. Constant.

Β : The angle between the body of the vertebra and the lever arm. Constant.

Θ : The angle between two vertebra bodies.Variable.

X : The disance between one vertebra ' s end rotation center

and the next vertebra ' s proximal end of the slider.Variable depending on Θ.

K : The distance between the distal end of the lever arm and the rotation center of the same vertebra.

Q : The distance between the distal end of the lever arm and the origin of the line. Variable depending on Θ.
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Xr

n-1
: The lenght of the slider. Constant.

Xr : The total change in lenght of the external spine. Constant.

n : The number of vertebras in the external spine. Constant.

M : The distance between the slider and the lever arm' s point of attachment. Constant.

N : The distance between the lever arm' s point of attachment

and the rotation center of the vertebra ' s end.Constant.

L : The lenght of the lever arm. Constant.

Β : The angle between the body of the vertebra and the lever arm. Constant.

Θ : The angle between two vertebra bodies.Variable.

X : The disance between one vertebra ' s end rotation center

and the next vertebra ' s proximal end of the slider.Variable depending on Θ.

K : The distance between the distal end of the lever arm and the rotation center of the same vertebra.

Q : The distance between the distal end of the lever arm and the origin of the line. Variable depending on Θ.

� Declaration of constants

The units used in this example are in centimeters and radians. However, the graphs are presented in degrees to make them
easier to understand. Furthermore these constants are set to a estimated realistic value just to test the equations and are
therefore not fixed for the final product. N is a function in Mathematica and therefore Nl is used instead of N.

M = K = 2;

Nl = 4;

Β =
15

180
* Π;

n = 5;

d = 7;

L = L �. SolveAK2
== L2

+ Nl2
- 2 L * Nl * Cos@ΒD, LEP2T;

A wanted feature in this model was to be able to set the distal end of the lever arm to contact the origin of the line when the
external spine is fully extended. In this case the origin is located at the proximal end of the lever arm of the next vertebra. To
get this feature, as can be seen above, the length of the lever arm(L) needs to be calculated from the other constants. The
second output is chosen since L otherwise would be shorter than N in the N direction.
This feature does also mean that K and M are of the same length.

� Creation and test of Ε and X

First of all Ε is created by the relation Θ + Γ + Ε = Π radians. Γ in this equation is the angle between K  and N  and is just a
temporary constant. 

Ε@Θ_D = Π - Θ - Γ �. SolveAL2
� Nl2

+ K2
- 2 * Nl * K * Cos@ΓD, ΓEP2T �� N;

Θx is the value of Θ when the external spine is fully extended. It is calculated by setting Ε(Θ)=0 since Ε is zero when the lever
arm get contact with the body of the other vertebra. 
To know the value of Xr, it need to be calculated by setting X HΘxL = 0. This mean that the slider is in end position when the
spine is fully extended.

Θx = Θ �. Solve@Ε@ΘD � 0D �� First �� N;

Xr = Xr �. Solve@X@ΘxD � 0, XrD �� First �� N;

To test that nothing have gone wrong with the calculations X(Θ) is tested in the two known positions.
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X@ΘxD � 0

X@0D �
Xr

n - 1

True

True

Also Ε get tested in the two known positions.

Ε@ΘxD � 0

Ε@0D � -Θx

True

False

� Plot of X and Ε as a function of Θ

When ploting a graph of X as a function of Θ between the known positions, it looks like X is linear. In fact, this is not the
case. When ploting the graph over a lager span, it has the typical shape of sinus wave. The reason that it looks linear is just
because only a small portion of the graph is used.

PlotBX@Θ DegreeD, :Θ, Θx
180

Π
, 0>, AxesLabel ® 8"Θ°", "X cm"<F
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Plot@X@Θ DegreeD, 8Θ, -360, 360<, AxesLabel ® 8"Θ°", "X cm"<D

-300 -200 -100 100 200 300
Θ°
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5

10

15

20
X cm
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However, Ε have a direct linear relationship with Θ since Ε + Θ + Γ = Π and since Γ and Θ is constants.

PlotBΕ@Θ DegreeD 180

Π
, :Θ, Θx

180

Π
, 0>, AxesLabel ® 8"Θ°", "Ε°"<F

10 20 30 40
Θ°

10

20

30

40

Ε°

� Creation, test and plot of Q

Q, which is the distance between the distal end of the lever arm and the origin of the line, can be defined by using the law of
cosines with Ε as the angle.

Q@Θ_D =
,IK2

+ HM + X@ΘDL2
- 2 * K * HM + X@ΘDL * Cos@HΕ@ΘDLDM;

Also Q is tested for errors. In the second test, Q is tested by using the law of cosines for a larger triangle with the sides Q, L
and (N+X+M).

Q@ΘxD � 0

True

N@Q@0DD � NA,IL2
+ HM + Nl + X@0DL2

- 2 * L * HM + Nl + X@0DL * Cos@ΒDME
True

When plotting Q as a function of Θ it looks linear as for Ε and X. But as for X this is not the case as can be seen when plotting
over a lager range of Θ.
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PlotBQ@Θ DegreeD , :Θ, Θx
180

Π
, 0>, AxesLabel ® 8"Θ°", "Q cm"<F
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Plot@Q@Θ DegreeD , 8Θ, -360, 360<, AxesLabel ® 8"Θ°", "Q cm"<D
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� Creation, test and plot of Α as a function of Θ

Α as a function of Θ is defined by using the law of sines for the triangle with the sides K, Q and (M+X). It can also be defined
by using the law of cosines for the same triangle. To test Α both method is used. 

Α@Θ_D = ArcSinB K

Q@ΘD * Sin@Ε@ΘDDF;

Αt@Θ_D = ArcCosB Q@ΘD2 + HM + X@ΘDL2 - K2

2 * Q@ΘD * HM + X@ΘDL F;

First

First

N@Α@-7.35 DegreeDD � N@Αt@-7.35 DegreeDD
True

As a second test Α(Θ) is compared to Α calculated from the larger triangle with the sides Q, L and (N+X+M).
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N@Α@0DD � NBΑx �. SolveBCos@ΑxD �
Q@0D2 + HM + X@0D + NlL2 - L2

2 * Q@0D * HM + X@0D + NlL , ΑxFP2TF
True

When plotting the graph of Α(Θ), it also looks like it has a linear correlation, but as for the other graphs it is not. Another
thing to notice is when the lever arm meets the origin of the line there is no value on Α. This can be observed in the graph
and it is as it should be.

PlotBΑt@Θ DegreeD 180
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180
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, 0>, AxesLabel ® 8"Θ°", "Α°"<F
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If the graph above is correct it should coincide with the graph for the Α defined with the law of cosine (over the interval
where the graph is defined).

PlotB:Αt@Θ DegreeD 180

Π
, Α@Θ DegreeD 180
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:Θ, Θx
180

Π
, 0>, AxesLabel ® 8"Θ°", "Α°"<F
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12
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Looking at the graph over a lager span, it is obvious that both versions of Α does not conside all the time. This is not impor-
tant though since it only needs to be correct over a specific range of degrees.
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PlotB:Αt@Θ DegreeD 180

Π
, Α@Θ DegreeD 180

Π
>,

8Θ, -360, 360<, AxesLabel ® 8"Θ°", "Α°"<F

-300 -200 -100 100 200 300
Θ°

50

100

150

Α°

� Α without predefined constants

It could be interesting to see how Α as a function of Θ looks without any values set to the constants. To do this the constants
need to be cleared.

Clear@M, Nl, Β, n, d, K, L, XrD
Then its only to use the same equations as before. To get a more perspicuous algorithm L is not calculated here. 

sin-1
K sinJΘ + cos-1J K2

-L2
+Nl2

2 K Nl
NN

2 K cosJΘ + cos-1J K2
-L2

+Nl2

2 K Nl
NN I-2 d sinI Θ

2
M + M +

Xr

n-1
M + I-2 d sinI Θ

2
M + M +

Xr

n-1
M2

+ K2

� Analysis of how variations of the dimensions affect the algorithm

The easiest way make an analysis of how different dimension parameters affect the angle Α is to first make a function with
all dimensions to be tested as inputs. To then test a specific dimension’s affect one only have make a plot of Α with different
values of the specific dimension. L however is still calculated of the same reason as before. K and M are still the same. The
range where the function Α is defined is between where Α>=0 and the vertical line of the graph.
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M = K;

L = L �. SolveAK2
== L2

+ Nl2
- 2 L * Nl * Cos@ΒD, LEP2T;

Θx = Θ �. Solve@Ε@ΘD � 0D �� First;

Xr = Xr �. Solve@X@ΘxD � 0, XrD �� First;

A@Θ_, K_, Nl_, Β_, n_, d_D = ArcSinB K

Q@ΘD * Sin@Ε@ΘDDF;

� Test of K and M

PlotB:ABΘ Degree, 1.05, 4,
15

180
* Π, 5, 7F 180

Π
, ABΘ Degree, 2, 4,

15

180
* Π, 5, 7F 180

Π
,

ABΘ Degree, 3, 4,
15

180
* Π, 5, 7F 180

Π
, ABΘ Degree, 4, 4,

15

180
* Π, 5, 7F 180

Π
,

ABΘ Degree, 5, 4,
15

180
* Π, 5, 7F 180

Π
>, 8Θ, -180, 180<, AxesLabel ® 8"Θ°", "Α°"<F

-150 -100 -50 50 100 150
Θ°

-60

-40

-20

20

Α°

The tested dimensions of K and M is 1.05, 2, 3, 4 and 5. The dimension 1.05 was used since the dimension 1 did not work.
K=M=1.05 is the graph that have its vertical line furthest to the right. K=M=2 is the second to the right and so on.
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� Test of N

PlotB:ABΘ Degree, 2, 1,
15

180
* Π, 5, 7F 180

Π
, ABΘ Degree, 2, 2.5,
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180
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>, 8Θ, -180, 180<, AxesLabel ® 8"Θ°", "Α°"<F
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The tested dimensions of N is 1, 2.5, 4, 5.5 and 7. The dimension 1.05 was used since the dimension 1 did not work. N = 1.05
is the graph that have its vertical line furthest to the left. N = 2.5 is the second to the left and so on.

� Test of Β

PlotB:ABΘ Degree, 2, 4,
5

180
* Π, 5, 7F 180

Π
, ABΘ Degree, 2, 4,
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Π
,

ABΘ Degree, 2, 4,
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* Π, 5, 7F 180
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* Π, 5, 7F 180

Π
,

ABΘ Degree, 2, 4,
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>, 8Θ, -180, 180<, AxesLabel ® 8"Θ°", "Α°"<F
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The tested angles of Β is 5, 10, 15, 20 and 25. Too great angles does not work. Β = 5 is the graph that have its vertical line
furthest to the left. Β= 10 is the second to the left and so on.

10



� Test of n

PlotB:ABΘ Degree, 2, 4,
15

180
* Π, 3, 7F 180

Π
, ABΘ Degree, 2, 4,

15

180
* Π, 4, 7F 180

Π
,

ABΘ Degree, 2, 4,
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* Π, 5, 7F 180

Π
, ABΘ Degree, 2, 4,

15

180
* Π, 6, 7F 180

Π
,

ABΘ Degree, 2, 4,
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* Π, 7, 7F 180
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>, 8Θ, -180, 180<, AxesLabel ® 8"Θ°", "Α°"<F
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The number of artificial spine bodies does not affect how the angle alpha depends on the angle theta. However, when using
more artificial spine bodies, the needed change in angle (theta) between each artificial spine body in a lifting task decreases.
This means that a smaller range of theta is used as an input in the algorithm and thereby a smaller range of alpha is
recieved as an output. 

� Test of d

PlotB:ABΘ Degree, 2, 4,
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* Π, 5, 5F 180

Π
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The tested distanceses of D is 5, 7, 9, 11 and 13. D = 5 is the graph that reaches the highest angle on Α. D = 7 is the second
highest.
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Discussion
The reason this algorithm was created were to have a tool to see how changing the different constants affect the angle alpha.
This is supposed to be a help when deciding the dimensions for the external spine. The angle alpha is an important variable
since it describes in which direction the force is active. This is crucial to be able to know how much force is needed in
different positions of the lift.

When creating this algorithm the assumption that lumbar spine is strait when fully flexed. This is not completely true since
the lumbar spine normally get a slightly kyphosis when fully flexed. Therefore the Xr in the calculations is a bit too short.

The algorithm does only apply in a specific range of theta. This range is defined by the geometry and the trigonometric
functions used. As long as the triangles used in this algorithm does exist, the algorithm will be valid. The triangle with the
sides K, Q and (M+X) stops to exist in our model when the distal end of the lever arm reaches the origin of the line. In the
other direction from the origin the same triangle stops to exist when the distal end of the level arm reaches a point where an
extension of the other vertebra would be. These points are 180 degrees from each other (as can be seen in the last graph).
Between these points the algorithm is valid. 

A wanted feature of this external spine was to be able to set the distal end of the lever arm to contact the origin of the line
when the external spine is fully extended. This is wanted because it would prevent the user from hyper extension. The angle
beta is the most important constant to set right to enable this feature.

In this model the origin of the line is set to the same point as the origin of the lever arm. If another origin is wanted it could
easily be done by setting M to the distance between the slider and the origin of the line. However, if it is requested that the
origin of the line is somewhere on the lever arm, or if the contact point and the origin of the line is set to different locations,
some modifications to the algorithm needs to be done. Even if the constants of the external spine could be set to any dimen-
sion, the algorithm need realistic dimensions in order to function.
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