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Abstract 

This report is a Master thesis in product development taking on the problem called a “skier´s 

thumb”. A number of different strategies have been proposed to address this issue over the years, 

however, without much success.  

One of the most common injuries for professional skiers or ski enthusiast is damaging the Ulnar 

Collateral Ligament (UCL), or injuring one of the thumbs interphalangeal joint. These types of 

injuries are usually undetected: moreover, if not treated by professionals they could cause chronic 

damages to the thumb.  

To investigate the issue, extensive research was conducted to understand the medical issues that 

arise when injuries occur. Our goal is to create a solution where the thumb does not move more 

than 35° angulation, or has a difference of 15° from contralateral thumb. 

Presented in the report is a selection of results from research and interviews. Additionally, through 

various ideation and rapid prototyping techniques different ideas were tested to create a feasible 

product that minimizes injuries on the thumb. Later on, testing of all prototypes was performed to 

provide a functional concept that could decrease injuries of the thumb. The result of this project 

is a UCL protecting gear, integrated inside the glove. 

 

 

 

 

 Master of Science Thesis MMK 2014:67 MCE 

306 

 

How to minimize UCL injuries for professional 

skiers 

   

  Mehdi Ghiassi 

Nicklas Österlund 

Approved 

2014-09-10 

Examiner 

Sofia Ritzén 

Supervisor 

Stefan Ståhlgren 

 Commissioner 

 

Contact person 

 



 

 
 

  



 

 
 

 

  

 

 

 

 Examensarbete  MMK 2014:67 MCE 306 

 

Minimerandet av UCL skador för professionella 

skidåkare 

   

  Mehdi Ghiassi 

Nicklas Österlund 

Godkänt 

2014-09-10 

Examinator 

Sofia Ritzén 

Handledare 

Stefan Ståhlgren 

 Uppdragsgivare 

 

Kontaktperson 

 

 

Sammanfattning 

Denna rapport är ett examensarbete inom produktutveckling som tar sig an problemet 

”Skidåkartumme”. Flera olika strategier har genom åren föreslagits för att lösa denna skada på 

tummen, utan någon större framgång.  

En av de främsta skadorna som drabbar professionella skidåkare eller skid-entusiaster, är skador 

på det ulnara kollateral ligamentet (UCL) eller på någon av tummens knogleder. Dessa skador 

behandlas oftast inte då skidåkare inte märker av att ligamentet har fått en mindre ruptur. En 

allvarlig olycka mot UCL kan ge kroniska skador i tummen som leder till viss invaliditet. 

För att undersöka problemet har omfattande forskning genomförts för att förstå det medicinska 

problem som uppstår samt för att klargöra rörelseschemat vid en olycka.  Projektets mål var att 

frambringa ett koncept som förhindrar tummens rörelseomfång i skadliga riktningar, 35 graders 

vinkling eller 15 graders vinkling av tummens falang.  

Rapporten presenterar resultat från forskning samt intervjuer och även framtagning av koncept 

genom olika idégenereringar och avancerade prototyp-tillverkningstekniker. Vidare testades 

samtliga prototyper för att få fram ett funktionellt koncept som kan förebygga skador mot 

tummens ligamanet. Resultatet av detta arbete är en funktionell prototyp, där skyddet som 

förhindrar skador mot UCL är integrerat i skidhandsken. 

  



 

 
 

  



 

 
 

NOMENCLATURE  

  

Joints 

DIP – Distal Interphalangeal joint 

PIP – Proximal Interphalangeal joint 

MCP – Metacarpophalandeal joint 

CMC – Carpometacarpal of the thumb 

 

Ligaments 

Collateral ligament – At every joint  

Ulna collateral ligament (UCL) - Located in 

the thumb, inner side of MCP-I. 

  

 

Bones 

Metacarpal 1,2,3,4,5 – Bones in the palm and thumb. 

Carpus bones – Bones  located in the wrist. 

  Distal row (4 PCE) 

  Proximal row (3 PCE)  

  Scaphoid  

Phalanx – Finger bones. 

 Distal (3rd) 

 Middle (2nd), not in the thumb, only fingers. 

 Proximal (1st) 

Ulna – One of two bones in the forearm 

Radius – One of two bones in the forearm 

  

Dictionary 

Avulsion fracture –  Bone fracture when a bone fragment  tears off  with the ligament. 

Rupture –  Ligament is torn off, , exists as half or full rupture. 

Fracture –  Bone is torn off . Luxera – Joint is dislocated 

MRI – Magnetic Resonance Imaging 

CT – Computed Tomography 
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Introduction 
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1.1 BACKGROUND 
Ten percent of today’s skiers have encountered the injury “skiers thumb”, or in a more medical 

description Ulna Collateral Injury (UCL) (Organisation SLAO, 2013, p. 18). UCL is a fracture, 

avulsion fracture, a full fracture, or rupture at the ligament on the first MCP joint at the thumb. 

This injury causes instability in the thumb due to the position of the ligament. If a full rupture or 

avulsion fracture occur, a surgical repair is needed within 2 to 3 weeks after the accident (Sternbach, 

1984, p. 345). Rehabilitation time for such an injury is between 2-12 months for full recovery 

(Glenmark, 2014). In some cases there is only a small rapture which does not need an operation, 

but still need rehabilitation time (Södergren, 2014). 

The goal of this thesis is to develop a concept that can support the thumb and alleviate injuries or 

prevent them from occurring.  The concept could be a new ski pole, glove or a strap with protection 

for the thumb. The main focus the concept will address is to support the thumb, or to distribute 

the pressure throughout the thumb so a fracture on the UCL is minimized. 

This thesis was conducted at Incontext with information from professional skiers and doctors. The 

primary issue dealt with in this thesis was how one would prevent damage, or minimize scope of 

an injury to the UCL if an accident would happen. The secondary question was whether body 

weight and shield design affects the state of the injury? 

The injuries that occur around the hands and arms are usually strains or over-stretching of the 

ligaments. Ten percent of all injuries when skiing are UCL injuries (Organisation SLAO, 2013). 

This occurs when the skier falls and still has the ski pole attached to the wrist. When this happens, 

the skier tends to have the thumb stretched out (G.S.J. Chuter, 2009, p. 652). Falling on the slope 

with the thumb stretched out will cause the thumb to be overstretched and injuries occur due to 

the fact that the pole acts as a lever and the thumb rotates so that the ligament is stretched or 

broken. 

1.2 INCONTEXT AB 
Incontext AB is a Swedish consulting firm that started year 2006. They specializes in cable design 

and work whit Scania, Volvo, Nilfisk - Advanced, BMW Design studio and Electrolux. Founder, 

and CEO, Matti Schvili, started Incontext AB as a small company 2006 and now they are 30 

employees. 

1.3 INTEGRATED PRODUCT DEVELOPMENT 
The master thesis was done at the master’s program Integrated Product Development at KTH, 

and consists of 30 ECTS credits. The thesis work was 20 weeks long and started in the end of 

March. 
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1.4 PROJECT GOALS 
 

1.4.1 GOAL   
Our goal is, by the 10th of September 2014, to present a product that addresses “Skier’s Thumb” 

problem. The product should be flexible and able to minimize the damages that occur in accidents.  

- The product should be easily released from the ski pole if it is attached to the ski pole (35 ° 

angulation or 15 ° difference from contralateral thumb) 

- The product should be user friendly. 

- The product should be modular-based 

- The whole product should have a maximum weight of 500g 

- The product should be in durable and weather resistant material 

- The product should increase the strength in ligament 

 

1.4.2 VISION  
Develop a product that improves the skiing experience and minimizes chronic injuries for both 

professionals and enthusiasts. The product should be unique, modular and bring new knowledge 

into the market.    

 

1.4.3 ORGANIZATION 
For this project a combination of different methods were selected, since there was a large scope 

for the tasks. Additionally, this approach was used to enable work in an organized way and to gain 

the ability to work in iterations and with a possibility to do loopbacks when needed. Thus, a 

combination of Stage Gate and Scrum was used for the planning. 

This resulted in different iterations processes, which ended with a report summary. Using these 

methods gave the project a maximum efficiency, which also included parallel activities. 

Subsequently, it created the opportunity to divide some of the smaller activities in the informational 

retrieval and other iterations to cover a larger area so that the project could preformed even better. 

 

Below the iteration processes and their activities are stated: 

Iteration 1:  Information gathering, market evaluation, requirement specification and reviewing to 

the report. 

Iteration 2:  Observation, brainstorming, prototyping, idea generations, reviewing to the report 
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Iteration 3:  User tests, evaluating of tests, reviewing for the report. 

Iteration 4:  Brainstorming 2, prototype 2, user tests 2 and reviewing to the report. 

Iteration 5: Final concepts and prototype iteration including: prototype/ functional model, looping 

iteration 4 and 5, reviewing to the report. 
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2.1 INFORMATION ABOUT THE HANDS AND UCL-INJURIES 
In this section a description of the hand is presented, as well as a description on what a UCL injury is. Furthermore, 

different kinds of injuries concerning UCL are presented. For explanation of the words, a small dictionary is available 

in the nomenclature.  

 

2.1.1 HAND 
Firstly, the most important fingers of the hand are thumb, fifth digit and forth digit finger. The 

second digit finger and the third digit finger can be replace each other and still provide the same 

function (Södergren, 2014). As the thumb creates the “pinch grip”, and also is the finger that has 

the most direction of movements compared to the other fingers, it is the most important finger. 

Movement of the thumb can be done in six directions Abductions, Adduction, Extensions, Flexion, 

Opposition and Reposition (Agur & Dalley, 2013, p. 582) which, if compared to the other fingers 

is plenty more. However, most of the fingers can overstretch backwards, except for the thumb, 

which cannot overstretch without getting any injuries: the MCP joint just allows minor moment 

backwards. 

Phalanges, or Phalanx in Latin, are the bones in the fingers. There are three phalanxes in in the 

second digit to the fifth digit fingers, and only two in the thumb. These are Distal, Middle and 

Proximal phalanx, however, in the thumb there is no Middle phalanx. To clarify, the most outer 

bones are the distal phalanx, then comes the Middle, and finally the Proximal. The proximal 

phalanx is the bone that is closest to the Metacarpal bones (palm), See Figure 1 (Agur & Dalley, 

2013, p. 582). 

 

Figure 1, Bones in the hand. [Grant’s Atlas of Anatomy 13th PP. 582] 

The joints that are most relevant for this project are the Carpometacarpal (CMC), 

Metacarpophalandeal I (MCP) and the Distal interphalangeal (DIP) joints, or the IP joint at the 
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thumb as it can be portrayed, see appendix A. In this report will it be prefer as IP- joint. (Agur & 

Dalley, 2013, p. 597) 

  

2.1.2 ULNAR COLLATERAL LIGAMENT  
Collateral ligaments main task is to give support to the joint that it is placed at. The ligament 

provides structure to the joints as well as preventing the bones to twist and dislocate. Such 

ligaments are placed at every phalanx in the hand. To view the phalanx index and position, see 

Figure 1. Ulnar Collateral Ligament (UCL) is a ligament that is placed at the MCP-I joint on the 

inner side of the thumb. This ligament is supporting the thumb so the “pinch grip” is possible 

(Dehnish, 2014) 

 An injury on the UC-ligament is often called a Skiers thumb and appears most commonly when 

skiers fall while still holding the ski pole. On the ski pole, the stripe hinders the user to let go of it 

in an accident. Here the ski pole works as lever and causes the thumb to bend out and back, in this 

angle the UCL is the most vulnerable and injuries tend to happen more frequent. Another way to 

get a rupture or a fracture at the UCL is when the ski pole bends out the thumb, see Figure 2 while 

the thumb is stuck in the snow. A thumbs maximum angle before taking damage at the UCL is 

dependent on how flexible the person is, for most people damage on the UCL occurs after a 20- 

30 degree angle. A complete UCL rupture correlates to an absolute radial stress angle of greater 

than 35 degrees (Patel, et al., 2013). Moreover, after that angle the ligament will also be damaged. 

There are small existing differences between right UCL and left UCL, often as much as of 4 degrees 

(Patel, et al., 2013).   

The most common types of injuries according to injury statistic (Organisation SLAO, 2013, p. 18), 

are knee injuries on 24, 1%, head/face injuries at 11, 1% and lower arm/wrist are at 9, 7%. The 

statistics were divided as following: 78 percentage of all accidents were skiers and 18 percentage 

were snowboarders, little more than half had rental gears. Of the snowboarders the most common 

injuries were lower arm/wrist injuries with a 28% and thumb/ hand injuries at 11, 6%. Those are 

the most common injuries, and among the injuries that occur directly at the thumb the most 

common are: fracture, avulsion fracture, rupture or overstretching of the thumb. Professional 

skiers prefer ruptures instead of breaking the bone, due to the fact that they can then just bind the 

hand with tape and proceed skiing the whole season. However, most doctors prefer a clean fracture. 

Figure 2, Showing how the injuries occur at the UCL. 
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This is because a fracture has a shorter heeling cycle and will heel better than a ligament. In a 

fracture, the area of injury is also much smaller than a rupture, and the rehabilitation time 

accordingly nearly one year, though, there can be complications with the functionality. 

  

2.2 INFORMATION ABOUT ORTHOTICS 
This chapter illustrates the philosophy behind orthotics, why they are used and what they are preventing. An orthotic 

could be used as protection before an injury instead of using it for supporting the thumb after an injury, this project 

included an analysis on the subject.  

An orthotics is often used when there is a need for modifying the structural and functional 

characteristics of the muscular or skeletons parts. Thus, it is often used when a ligament is injured, 

a so called rupture, or in a skeleton injury, a so call fracture, have occurred. However, the function 

is to stabilize and fixate the limb so the healing process will go smother and heal better. 

Hospitals today are using many different types of orthotic, some of these orthotics are 

prefabricated. At Handcenter in Stockholm, they create customized orthotics to the patient mainly 

to enhance the fit for the patient. Occupational therapist at Handcenter and Södersjukhuset use a 

thermoplastic to make their orthotics. There are different types of orthotics: gypsum, thermoplastic 

and the prefabricated ones that are more rigid and solid. Using gypsum is an older method for 

repositioning the bone or the limb while it heals. A thermoplastic, however, are a new type of 

material and method that allows the same strategy as with gypsum, but tends to be much cleaner, 

and, is water resistant which gypsum is not. The thermoplastic orthotics and the prefabricated ones 

can be removed and later remounted. Notice that this type of orthotics is fabricated especially, and 

only, for the hand a so-called upper-limb orthotics. They have not yet been used for lower body 

orthotics but might in the future.  

In the next picture (Figure 3) some of the orthotics that are in use at Handcenter Stockholm are 

shown. At the front there is a prefabricated orthotics that can be adjusted with the plastic knobs 

that adjusts the wire, see Figure 3. On the left there is a costume cast orthotics that have been 

fabricated from Anna Zeipel at Handcenter Stockholm, which also can be removed and refitted 

again.  
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Figure 3, on the left: prefabricated orthotics, and on the right: the customized cast orthotics 
manufactured at Handcenter Stockholm. 

There are existing differences in stiffness of orthotics, mainly as there is a larger need for more 

stabilization in the beginning of the healing process, moreover, some cases simply need stiffer 

material. An orthotics that is costume fitted is more efficient because it sits closer to the skin and 

follows the shape of the patient’s hand exactly. Additionally, it will be more ergonomic then a 

prefabricated orthotics. (Zeipel, 2014). 

Philosophic behind orthotics are to provide stiffness and the most important, stabilization by 

restricting movements in key directions. A gypsum or orthotics is also placed because it reduces 

the weight bearing forces in this case when it is placed at the hand. So, it will reduce forces on the 

hand, or the thumb, and distribute them. This prevents the patients from using the limb, which 

creates a smother healing process.  

  



 

13 
 

2.3 INTERVIEW 
To get the full scope of the problem, interviews with different hand surgery experts, rehabilitating experts and skier 

athletes were conducted. Results and input from the interviews are presented below, both thoughts and reflection from 

the interviewees.  

 

2.3.1 METHOD 
Several interviews were conducted with experts within different fields. The interviews took place 

at their respective companies and hospitals at Hand center Stockholm, Södersjukhuset, doctors 

from Sundsvall to mention a few. To see the whole list of interviews see Appendix B. 

The Funnel Model was used to create an outline for the interviews, which included a six stage 

process: warming up, free description, detailing, control, disengagement and closure. This model 

is a proven successful method for interviews: 

 Furthermore the method gives the interviewee a good idea and generates great inputs for the 

subject, see Appendix C. Another strategy that was conducted in some of the interviews was 

unstructured interviews. By asking only open questions the interviewer cannot affect the answer 

from the interviewee. In that manner, more unaffected opinions and suggestions were gathered on 

the subject. 

 

2.3.2 RESULT OF INTERVIEWS 
Most of the doctors believe that it is much better to get a fracture than a rupture, therefore the 

thumb should be more protected than what it is now. An injury can be sorted in three different 

areas: Fracture, avulsion fracture and rupture. 

If the fracture should be easier to heal, it would be placed far away from the joint in the middle of 

the bone. The most common injures at the UCL or near the ligament are avulsion fracture, fractures 

at the bones or an half or full rupture on the ligament (Lundh, 2014). A fracture is easier to treat 

and better to heal than a rupture, so the interviewed doctors have different personal opinions about 

what they prefer.  

A half rupture, can require less iterations in surgery. The skiers on the other hand, prefer a rupture 

because they can go back to the ski slope with a plastic orthotics and the whole season is not ruined. 

Dr. Magnus Södergren also comments that there is no specified angle when the UC-ligament takes 

damage: it depends solely on the patient’s agility. But often injuries to the ligament occur after an 

angle of 20-35 degrees, if not before. An UC-ligament injury need around six weeks in gypsum, 

followed by six weeks in an orthotics, and at last movement training that can proceed a long time 

(Södergren, 2014).  So over all it is not unusual that the healing process is taking between 2-12 

moths according to Dr. Birgitta Glenmark. Full agility after the injury can be achieved but that 

depends on age of the patient and the type of injury. Dr. Fredrik Lundh pointed out that the bone 

that takes the longest time to heal is the scaphoid bones in the wrist. 
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As the 1st digit, 4th digit and 5th digit has all the strength and most of the hands functions, they 

are the most important fingers in the hand (Södergren, 2014).  The 2nd digit and the 3rd digit are 

the fingers that have more precision and by that would have less protection. Moreover, the 2nd 

digit has the smallest functional movement, which means that it could be replaced with the 3rd 

digit. In the hand the most important and the most commonly injured part is the volar plate, 

overstretching of the thumb or other fingers. But still, rupture of the UCL occurs in 10% of the 

cases. According to Dr. Birgitta Glenmark there are not any specified angles for when the UCL 

takes damage, it all depends on how nimble the patient is. Additionally, a comparison with the 

other thumb is always necessary. UCL does not have a specified strength either, that depends 

entirely on how the individual is built, weights, their genus, age and also how the trauma occurred 

for example.  

The interviewed doctors supported theory in building a protection gear in to the glove, which 

would stay when an accident have occurred and the ski pole has been removed from the hand. 

This would create protection both during and after the fall. Doctor Magnus Södergren at 

Södersjukhuset in Stockholm, suggested a protection that is not too stiff or too lose, because if an 

accident results in a rupture in the UCL, the swelling will create size difference which will create 

difficulties in removing the gear. This could create severe problems later on at the hospital. Another 

aspect of the protection is that it should prevent any force pointing outwards on the thumb. 

Furthermore, the interviewed doctors also agreed that building in the protection into the glove 

would be the best solution. 

2.4 MARKET ANALYSIS 
The market today consists of different safety features, but none that specifically aim to minimize UCL injures or to 

prevent them from happening. 

 

There are some ski poles/gloves that try to address some injuries such as shoulder and wrist issues, 

and one claims to be safer but does not specify what feature actually makes it safer (Leki, 2014) 

Information from specialists within the medical field and professional skiers suggests that their 

gear does nothing to prevent or minimize UCL injuries. 

2.4.1 SKI POLES 
Competitive safety features address mainly shoulder accidents which is an injury that affects mostly 

off-piste skiers. Ski poles that have this feature come from Leki, which has a patented way of 

disconnecting the ski pole from the glove/strap. This feature also provides extra usability for the 

consumer, which is a valid factor for the market. Some brands also use a larger handle for more 

support and a larger contact area for the hand, which some skiers prefer in the start of the race. 

Other brands are also supplying different solution of the textile strap for example with wideness 

of the strap, mounting ability or different solutions on how to adjust the strap. 

The cheapest and the most basic ski pole is in the range of around 300 SEK, and the most advance 

ski pole has a price round 1800 SEK and has also carbon as a light weight material. Most of the 

brands are using aluminum or carbon as light weight material and the weight is between 300 gram 
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for carbon and 500 – 600gram for aluminum. Most handles consist of ABS or PLA and rubber for 

increasing the grip. See appendix D for material and product cost. 

2.4.2 GLOVES 
To provide full market analysis on gloves, both motorcycling gloves and ski gloves where 

investigated, to create as large scope as possible. What was noticed was that most of the gloves do 

not have much protection build in into them, neither for protecting against collateral ligament 

injuries or even overstretch for the thumb. The most protection built inside gloves are for the 

motorcyclist which led to the analysis of both ski gloves and motorcyclist glove. 

MOTORCYCLE GLOVES 
Some of the same requirements that exist for motorcycle gloves exist for ski gloves for professional 

athletes, meaning protection wise. The foremost advanced mc gloves today use an exoskeleton for 

protecting the fingers in an event of an accident, so that the fingers do not bend back. Although 

the need for comfort and flexibility still exists in these gloves those factors are not as important as 

they are with in the field of skiing. Protection wise these gloves do use durable material for impact 

protection and use durable materials, such as Kevlar and tougher leather. Evaluating the glove that 

won the “Innovation of the Year 2011 by the British motorcycling press” the Knox handroid CE 

glove, these factors are very prominent.  

With high testing criteria within design, leather quality, sizing, dexterity, water vapor transmission, 

tear strength, aberration and impact resistance and protective, these are the most extensive tested 

gloves. But as the need of size, comfort and flexibility are not as high as they are for ski gloves the 

same type of protection used in these can be applied to ski-gloves. 

The price range of the most advanced gloves is around the most expensive ski gloves today, retail 

price being 1950SEK  

 

 

Figure 4 Knox handroid CE glove 
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SKI GLOVES  
Most of advance ski gloves in today’s market have often D3O reinforcement or VPD, which is 

mainly for distributing point pressure like punches and likewise. Some brands are also using it for 

preventing overstretching the fingers, but except the thumb.  While others included new technical 

material to increase the market shares and adding features as few stiches, reinforcement for 

knuckles. The only brand that is trying to include both gloves with ski poles is Leki, and they are 

including the new feature a protection that releases the ski pole. The textile strap from the ski pole 

is integrated inside the glove and will eject when force is applied from behind, so that if the ski 

pole does get stuck while skiing, the pole releases out from the hand.  

The prices on this types of ski gloves are depending on what type of material that are integrated in 

to them. Most material that is in use today is leather which is combined with other material. For 

creating different layer that solves different abrasion aspects. Some of the material are in use of 

creating a glove are leather, Polyester, Polyamide, Polyurethane and Gore-Tex. The most expensive 

one is the one that has the most protection built inside. Lekis solution costs 1615 SEK and POC 

and Hestra which both uses pressure distributions materials like D3O and VPD 2.0 have a price 

tag of respectively 1800 SEK for POC and 1095 SEK for Hestra. To see the whole table of market 

analysis, see Appendix D. 
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3.1 IDEATION 
This chapter will first describe the methods used for the idea generation methods and continue to the ideas that were 

generated. Furthermore a description on the concept evaluation will be presented. 

 

Also as working in iterations, the ideation phase was divided in to three different iterations. This 

was done due to the fact that no pre considered ideas should be done, so that the ideation process 

would be as constructive and creative as possible and every ideation phase resulted in a 

conceptualization process. 

3.1.1 FIRST IDEATION PHASE 
Brainstorming is a method where one can generate ideas from the knowledge of a group and 

combines the creativity of a team (Ulrich & Eppinger, 2012, p. 127). This way of working originally 

was conducted by having one person to write down all ideas from the group, while the rest of the 

group contributed by stating their ideas (Bhagwati, 2006, p. 128).   

During this first ideation phase, every possible idea was considered and nine different concepts 

were developed on how this issue could be solved. For this to be possible there was the need for a 

lot of new knowledge, this was done by conducting interviews and research through literature. 

There were three different areas that could be improved so that the injuries on the UCL would be 

minimized. Reinforcing the glove, redesigning the ski pole and reinforcing the pole strip, the 

following are the ideas and concepts that were developed during the first ideation with pros and 

cons. 

Protective spine 

 

  Table 1, Protective spine 

The main idea behind these concepts was placing “protective spines” to reinforcing the thumb and 

limiting the movement of the thump in the directions that could harm the UCL. The protective 

spine in concept A goes all the way down to the wrist, so that the coverage is wider compered to 

concept B which covers the thumb resulting in more flexibility. 

  

A

. 

B

. 
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Glove 

 

Table 2, Glove 

These two concepts are gloves which have new properties, the one to the left has metallic plates 

inside the glove close to the grip area, and this concept requires the ski pole to have magnets that 

attract these plates. This removes the need for strips, which are one of the main reasons that UCL 

injuries occur. The concept to the right is a reinforced glove limiting the movement of the thumb, 

this limits the possibility of injuries to the UCL. 

Detachable ski pole  

 

Table 3, Detachable ski pole 

These concepts are based on the same type of idea, where the handle breaks of at a specific force 

at a specific angle. Thus the handle breaks of before UCL injury occurs. The one to the left uses 

two magnets that attract each other and are pre-set to the user’s weight. The one in the middle uses 

a stretchable material that can be adjusted to the user’s weight at the top of the handle with a screw. 

The one to the right works as a “breaking pin” so that when specific amount of force is applied at 

a specific angle the cap breaks and the handle is released. 
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Ski pole with special grip 

 

Table 4, Ski pole with special grip 

This concept was developed due to the fact that many skiers use the strip to push at the beginning 

of the race. The idea here with combination of the magnet glove to remove the strip but still allow 

the user to be able to use the pole to push away, while still not having their hands locked to the 

pole with a strip. The user still has the necessary area and the feel of the strip. 

This concept have also another feature, it is modular. The head of the ski pole also provides a load 

area, which some skiers want and that part is modular and can easily be replace by another part 

with different design. 

Ski pole (thumb on the same side) 

 

Table 5, Ski pole (thumb on the same side) 

This concept is based on the same idée as the “breaking handle” concepts, where the handle would 

eject from the ski pole. However, in this concept the thumb is on the same side as the index finger. 

The idea is that the thumb does not "pull outwards” when the UCL is injured in the snow while 
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an accident occurs. However, in this case it is only 20% of the handle that ejects and not the whole 

handle. 

3.1.2 SECOND IDEATION PHASE 
Morphological matrix is a method that combines the different options to fulfil the functions of a 

wanted concept, once the sub functions are identified. The matrix translates the functional 

requirements into design parameters and creates concepts that fulfil the requirements best. When 

the system’s sub-functions are determined a matrix with all design options for each sub-function 

is created. The feasibility of design options are assessed and design concepts can be generated by 

combining the different sub-solutions (Silverstein, et al., 2009, pp. 198-203). 

 

Table 6, The Morphological matrix 

After the first iteration of ideation, evaluation was made for the generated concepts. Through 

Pugh’s matrix and discussion with POC about their vision with the product, the protective glove 

was chosen as the product to continue with. With this information new ideation phases was 

conducted and below are the results from that ideation phase. 

CABLE IDEA 

 

Table 7, Cable concept 

This concept, works in way that it allows the user to lock the thumb after gripping the ski pole 

handle. This function does not allow the thumb from extension or abduction. This minimizes the 

cause of the injury. By adjusting the locking ring through the strings the hand locks itself around 

the pole handle. 
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WINGED SPINE 

 

Table 8, The wing spine 

By providing a protective spine around the metacarpal bone and the proximal phalanx and limiting 

movement so that the thumb does not extend or abduct. After putting on the glove one can 

through a strap tighten the fixture around the thumb. 

TWO PART SPINE 

 

Table 9, Two part spine 

This concept provides a protective spine around the metacarpal bone and the proximal phalanx, 

thus limiting the movement so that the thumb does not extend or abduct. This concept needs to 

be fully integrated in the glove and needs to be in different sizes i.e. small, medium and large. 
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GLOVE SOLUTION 

 

Table 10, Spine mounted inside of the glove. 

This concept provides a protective spine around the metacarpal bone and the proximal phalanx, 

thus limiting movement so that the thumb for extension, abduction and flexion. This concept 

needs to be fully integrated in the glove and needs to be in different sizes i.e. small, medium and 

large. But by adjusting the locking ring through the concept can be adjusted with same mold to 

different hand sizes 

3.1.3 THIRD IDEATION PHASE 
After concept ideation 1 and 2, some new ideas were developed and a new ideation part was needed 

to bring forward new concept in the last ideation part, before the final prototype.  Stated below are 

the concept that were evaluated for the functional prototype from chapter 3.1.1 and 3.1.2. Some 

of the concept are new and other have technical improvements of old prototypes. Later on in 

chapter 8 both validation of concepts and prototypes are presented. 

The Post-It method is an aid that helps the team find and explore new areas. The main issue is 

written down or drawn decided and each member gets a stack of sticky notes and a pen. The notes 

are grouped together and categorized after the session, see Figure 5 

 

Figure 5, Post-it method 

One of the most important rules of all brainstorming methods is that the focus is on quantity and 

not quality. The reason for this is that by exploring every idea even the most profound ones one 

can explore a new field that might result in a good idea. One important factor to keep in mind is 
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that not to criticize or dismiss any ideas generated at this stage, although discussing these are 

allowed as it is a good way to combine and refine ideas or even generate new ones. (Ulrich & 

Eppinger, 2012, p. 128) After that the ideas are evaluated according to criteria decided previously. 

For this thesis more than one idea was kept for the concept prototyping phase.  

 

ARMADILLO 

This concept idea is based on the prototype Snow Stop that were tried in an early state of the 

project, but in this concept a new technical solution is tested, and this is to make Snow Stop in 

smaller sections so it will lock in between each section. The animal armadillo have this technic in 

their hard shells carried on the back. 

 

Table 11, Armadillo. 

The Armadillo concept contains a protection spine to both hold it in right position and provide 

guides for the plates. However, the concept hasn't got an extra spine for guides, it relies on the 

friction that is created between the plates, so it is formed so that it locks on to in directions 

extensions and abductions. 

SKELETON 

This concept idea was developed from the concept Spine which wasn't tested from the beginning. 

Never the less, this time it is changed in the technical solution. 

 

Table 12, Skeleton. 

The concept is very advanced, because it can be adjusted with the friction between the "Cups". 

The down side with this concept is that it contains many parts. It also has elastic rubber that has 
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been designed so that it locks in the extensions direction. The idea behind this concept is to put 

the skeleton in those areas that is needed. 

ORTHOTICS 

This prototype is based on the prototypes Hard Shell and Soft Shell. It is based on the same theory 

but different technical solutions. 

 

Table 13, Orthotics 

These two concepts are based on the previews concept in the project, on the left side there are the 

Metal reinforcement and on the right side there is the plastic one. The plastic one has a so called 

full protection of the thumb and the metallic one is just preventing the thumb for not slide in 

wrong directions. 

SPINE 

This concept is based on back protections for skiers and motorcyclists, but on a smaller scale. The 

theory there is to spread point forces on a larger surface and the ligament could take higher load.  

 

Table 14, Spine 

This concept have protection plates that are locking when the thumb extends and will be flexible 

in other directions. Also this concept can be constructed with fewer with just three layers. First the 
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layers that will be closest to the thumb, that layer provides guidance to the plate. The second layer 

is the plate, that layer has integrated gaps, so the materials on the side will be weakened and be like 

hinges. The third layer is the spine that will also guide the plates and lock them in to place. 

ARM PROTECTION 

This concept takes up force in the same direction as the ligament do, in that manner the ligament 

can take more force in an accident. This idea originaly came from the protection that exists in to 

day market when patients after a surgery need more stability after in a leg or an arm. Those 

protections are built with metal "rails" on both sides’ with links at the elbow. 

 

Table 15, Arm protection 

This concept has rails on each side of the thumb with smaller joints at the MCP-I and the IP. This 

will provide the extra stiffness to the ligament. 

CABLE 

The concept idea that brought forward here were to prevent the whole sequence of the accident, 

to prevent the thumb to point outwards. By that the accident doesn’t occur in the same way and 

the skier has a smaller chance to get an injury. 



 

28 
 

 

Table 16, Cable inside of glove 

This concept has cables under the thumb, and on the side towards the index finger. The cable 

under the thumb will prevent the thumb to straighten up, thus removing the possibility of any UCL 

injuries. 

3.2 CONCEPT EVALUATION 
The next step is to evaluate the ideas that were created in the ideation phase, and finally choose one of the concepts to 

move forward with. The following section presents the concept evaluation methods that were chosen to facilitate this 

process. 

 

3.2.1 REQUIREMENTS LIST 
 

A requirement list consists of predefines requirements that a product should fulfil to satisfy the 

needs of the costumer. The requirements of this project have been categorized into two categories: 

functional and non-functional. A functional requirement is a function of the product e.g. “The 

product should be modular” or that “the product should not weigh more than 500g”. 

A non-functional requirement is e.g. “the product should not need technical knowledge to use”. 

 

3.2.2 PUGH’S MATRIX 
The Pugh’s matrix is a method to compare alternative concepts in a simple way to make decisions 

on which concept is the best compared to a reference product that already exists. The method 

narrows down the alternative concepts for additional analysis and refinement. This works by setting 

specific criteria and giving each criterion a level of importance by e.g. a score. By deciding how well 

the products fulfil the criteria the products get a score which later is combined in to a total score. 

The product that has the highest score might not be the best solutions, so more research is still 

needed. (Ullman, 2010, pp. 221-226)  
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Below is a Pugh’s matrix that was created after the first ideation phase to decide which concept 

was the best way to continue. This matrix is built on Ullmans matrix (Ullman, 2010, p. 222). 

 

Table 17, Pugh matrix 

 

Through workshops with doctors and professional skiers it was decided to peruse with Reinforced 

Glove, Glove Magnetic and Reinforced Strip. The reason why the handle and pole solutions were 

not perused was due to instability within the pole while skiing. 

3.2.3 WORKSHOP 
A workshop is a session in which a group of people is given a task with predefined goals, the 

intelligence of the entire group is combined which usually results in a more relevant outcome. The 

way that the workshops worked in this project is that a focus group was used, with doctors and ski 

enthusiasts. This method of working gave the project very product specific results: the combined 

expertise of the group resulted in relevant and value full information (Eriksson, 2009).  
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4.1 IMPROVEMENT 
This chapter explains all the testing and evaluating from concept to prototype, also the decision making around it- 
further describing how new ideas were generated in the concept improvements.  
 
The improvement was sorted out in two different iterative process. Process concept improvement 

1 explains what kind of supporting shells should be fitted and also what kind lever should be placed 

for the point pressure to spread out. Process concept improvement 2 explains design refinements 

on both shell and lever. The chapter also illustrates what kind of methods that were conducted in 

this stage of the iterative process, to get a dipper understanding in this method, see Chapter 3. 

Where an explanation in how the methods are used. 

4.2 CONCEPT IMPROVEMENT 1 
In this chapter the collaboration in what kind of shell, supporter or spine be place in the inside of the glove to protect 

the thumb from injuries. 

The purpose with the first iteration for the concept prototypes was to analyze if they did hold up 

to the expectations and to test the critical functions that reflects the specified concept ideas. Below 

are the prototypes presented: function, advantages, issues for each prototype. Questions like how 

much would the concept effect the movement of the thumb, ergonomic aspects and efficiency of 

the protection were the questions that was asked. 

 

4.2.1 SOFT SHELL 
The idea behind this prototype was to test the function from the concept Snow stop. Testing how 

much insulation around the thumb was possible, without effecting the needed movement of the 

thumb also ergonomic aspects of the prototype. This prototype has great resemblance to a real 

orthotics that provides stability for the thumb post injury, see Figure 6. Theory behind this 

prototype is to costume build the protection inside the store or by the users. Offering the same 

service as customize ski boots have, by casting and get full efficiency.  

The general advantages are that this soft shell is limiting movement in the following directions: 

abduction, adduction, extension, flexion, opposition and reposition. Also that the prototype is easy 

to adjust to an individually costumer, because its cast direct on the person. The possible issues are 

that it’s to advance technology (to difficult) to cast by the costumer and also if the product is cast 

wrongly it could affect the efficiency of the protection. 
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This prototype is more of a gypsum type concept that protects and hinders movement after the 

accident. By creating this prototype it was possible to see how it worked and how much material 

that can be removed from the protection gear without affecting the efficiency of it. The function 

of the “soft shell” is to fully isolate the MCP-I joint, Metacarpal bone-I. The soft shell is also 

protecting the palm of the hand. As it can be seen, the prototype ends in the middle of proximal 

bone. This is done to remove any stiffness to the IP joint of the thumb that minimizes movement 

and decreases the feel of “not having anything there”. 

The materials that are used in this prototype are: 

 For the main material the thermoplastic “black” is used, which is more flexible than 
other plastic in the same category.  

 For fixating the soft shall, a Velcro strap is used. 

 

 

4.2.2 HARD SHELL 
This functional prototype is testing the theory of the Snow Stop concept. The theory is, how much 

protection can be integrated in to the glove See Figure 7, before the thumb is losing the degree of 

freedom and how would the protection affect the thumb? These questions were the most valid 

question for this prototype. This prototype are the same theory as the soft shell, it customizes 

casting direct at the customer. 

 

Figure 6, Soft shell prototype where the ide´ came from orthotics. 



 

35 
 

 

General advantages in this prototype are that the thumb is protected in all directions. The possible 

issue in this concept is the minimized flexibility, which causes two issues, one where the gear is not 

adjustable the second being due to the lack of flexibility the injury could move to a more vulnerable 

place on the hand.  

The idea behind this prototype came from a customized orthotics that was manufactured at 

Handcenter Stockholm. However for this prototype some of the material was removed to improve 

the product requirements and furthermore for this prototype, a stronger and stiffer type of the 

same material as for the orthotics was used. The prototype has a hard shell over the thumb, so the 

protection gear would hinder movement of the whole thumb and an elastic band that holds the 

hard shell in place when used, which prevents the protective gear from sliding.  

However this prototype is testing the idea of a full protection hard shell around the MCP-I joint 

and protection for the metacarpal bone-I. The hard shell is open from the middle of proximal 

bones and out to the first IP joint, to not cause any stiffness to the IP joint of the thumb and also 

still providing full functionality/accuracy to the thumb. 

The materials which are used in this prototype are: 

 For the hard shell, a Polymer. 

 For the elastic band, an ordinary textile rubber band. This is often used in closing. 
 

4.2.3 SNOW STOP 
In this functional prototype the protection plate is tested. The main questions here were, how large 

can the protection plate be and will it stay stable with just a Velcro strip rap around the hand? This 

protecting plate was wrapped around the thumb, isolating both MCP-I and the Metacarpal bone-

I, see Figure 8. The theory in this concept is similar to both Soft Shell and Hard Shell, without it 

being customized in the store. This plate can be precast in a more general shape which later can be 

Figure 7, hard shell prototype that are based on soft shell. But are stiffer and 
smaller. 
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heated up by the costumer and later on refitted directly on the hand. This will create a perfect cast 

for the costumers hand and also have full protection. The general advantages in this prototype are 

that it’s minimizing movements like abduction, extension, flexion and opposition. Also this 

prototype is easy to adjust for the customer. The general downside are also as the other prototype 

is, that the efficiency can be effected if lack of knowledge from the customer. 

 

Figure 8, Prototype Snow stop. 

This prototype is testing the functionality while locking the "over side" of the thumb with a hard 

shell protecting plate and still have the required protection. The prototype is protecting the MCP-

I, Metacarpal-I bone and also protection in many different angels. 

The materials which are used in this prototype are: 

 For the hard shell, a Polymer. 

 For the attachment and prevent for gliding, an ordinary Velcro stripe are used. 

 

4.2.4 SPINE 
For the spine different theories were tested on how force is distributed and also how much support 

should be taken by the pollicis brevis muscles. If too much material is spread on that muscle, the 

gear will cause ergonomic problems for the skiers.  

The theory behind the spine is that it will lock in one direction and in the other direction work as 

flexible it possible can. This spine is based on a geometric lock, so each section is locking against 

each other and will also give support in that direction when locked. Each section also has different 

length to generate full efficiency while the thumbs bends, each joint at the thumb has three different 

length sections. This also will lead to more flexibility.  In this chapter only the base design will be 

presented and the function of each section will be brought up in Concept Improvement 2. 
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Figure 9, Prototype of the spine concept Alex. 

Alex 1.1 

The first spine of the Alex version 1, see Figure 9, can be seen on the left side. This spine has a 

“supporter” that moves beside it, as seen in figure 9. This is designed so that the supporter is placed 

on to the volar plate and gives the necessary support.  

Reflection 

The “supporter” was cross-sectioned two sections and created a lock in between those two 

sections. The supporter should be thicker as well as wider to spread out the pressure more 

throughout the hand. The supporter that is regarding to the front is also locking against the textile 

in between the supporter and the spine. Otherwise, the supporter is fitted in an right angel and 

length in the section that extends down to the base. The supporter that extends to the front hasn’t 

to be lowered and wider. The design of the spine is very flexible and locking god, the sections aren’t 

sliding of each other, make it solid and it will hold for a lot of force. The distance between each 

section is currently at 0.5 mm, although this distance should be shortened to 0.25mm. 

Alex 1.2 

This prototype was developed to support the UCL in the MCP-I joint. The supporter goes 

forward to the IP-joint see Figure 9, to provide minimum stiffness while flexion the thumb. 

Otherwise the design is similar as Alex 1.1. 

Reflection 

Same here as with the prototype above, the supporter should be wider and also is divided to two 

section which are locking the spine in between those section. In this spine however the glue came 

loose from the front which creates unstableness in the spine and can lock up differently. More 

connections points are necessary for this model, so that the spine can take up big loads and 

becomes very strong. 
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Alex 1.3 

This spine hade the same support as the spine above but had a connecting point at the front as 

well. This created two locking points and not just one so it was not a good idea. In this prototype, 

the stabilizer was removed and redesigned so that it is a free spine that can be tested both at the 

side and at the top of the thumb, see Figure 9. Otherwise this spine has the same design as the 

other ones. The picture above is showing how it lock’s when the spine is sewed in and protected. 

 

4.2.5 SUPPORTER 
The supporter works like the spine Alex, but is a more solid and stiffer solution. It’s located at the 

side of the thumb and goes from the IP-joint down pass MCP-I and down to the pollicis brevis 

muscle. By doing so it will give support so the force will spread out from the UCL down to the 

pollicis brevis muscle, which will cause a magnificent increase of possible load that the ligament 

can take. The theory is that it will work as a lever as it exists in most rehabilitating gear, for example 

structure up leg etc.  

The flaws in this prototype were the ergonomic aspect, which were caused from too much material 

located at the pollicis brevis muscle. Lowering the material thickness will decrease the protection 

gears possible load ability. However if the material were solid, the decreasing material thickness 

wouldn’t be affected to mush in this specified test. 

4.3 CONCEPT IMPROVEMENT 2 
In this chapter concept improvement 2 are including refinement from the soft shell, spine and supporter. This 
chapter brings also foreword detail explanation of each part. 
 
Soft shell was chosen to preside with the spine, because it wasn’t stiff enough and also has lower 
risk to move the injury to another part at the thumb. Combined with the spine or a supporter, 
would provide a larger span of force that could be placed at the thumb. Also each chosen solution 
is explained more in detail how it works and also distribution of force.  
 
A complete design will be presented here below, the finial prototype will be adapted and 
incorporated in to an existing glove.  

 

4.3.1 SOFT SHELL 
The soft shells design changes to a smaller protection plate see Figure 10, that only is located at the 

MCP-I. The soft shell plates primary task is to guide the MCP-I and provide stability, so the 

protection gear is fitted correctly. Its secondary task is to distribute out point pressures that occur 

on the MCP-I. The point is that soft shell distribute out forces against the side, instead of getting 

a direct hit at the joint. The soft shell plate is located directly against the MCP-I and the spine, the 

supporter will provide the stiffness that the ligament need.  
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Figure 10, Soft shell 

Accordantly to experts, (Södergren, 2014) (Zeipel, 2014), injuries directly at the MCP-I are 

common in form of impacts directly on the joint. Apparently, skiers can crush the MCP-I if not 

using any protection. To prevent this, the soft shell designed to absorb impacts. 

4.3.2 SPINE 
The design on the spine is laid out as a geometrics lock that does not allows motions upwards and 

still is flexible downwards. The whole spine is laid down on a base plate so the spine only contains 

one part, after sawing it in to place in the glove. The movement of the protection will break the 

baseplate and that will create full flexibility after, the fabric will act as hinges, but the spine will still 

lock in motions upwards.   

Each section on the spine has also different length so the sections matches up at the thumbs joints. 

Every section at the spine is shaped like a horizontal “v”, so that the section will not slide over 

each other when compression the spine, see Figure 11. 

 

Figure 11, the spine in profile, here can also be notice the different length of each section 

This spine is designed so it will give as much support as possible by having a plate that bends into 

plates and going under the base of the thumb, that plate will give a larger area that can support the 

protecting gear and therefore also providing a more stable design, see Figure 12. The picture below 

is showing the protection gear in profile from above, the stabilization plate as we can see are down 

there to the right. 
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Figure 12, showing the protection gear in profile from above 

Because we wanted to keep full agility in the thumb, every direction that was locked for safety 

created a problem in the flexibility of the thumb. Alex 1.3 version (with no support) at the side or 

have the Alex Version 1.1, see Figure 9. The rest of the support that is needed will be provided by 

the cable concept. 

 

4.3.3 SUPPORTER 
Both of these concepts are built on the idea of combining a part that holds the MCP in place and 

provides reinforcement to the UCL, This solution had a part that is attached to the main spine part, 

see Figure 13. The idea behind this was to give the spine a lever so that the force on the MCP 

would move from the joint and distribute throughout the palm. While having the spine rigged 

compared to solution 1, this concept is a more solid structure which resulted in that this concept 

would take more loads if static forces. But at the same time due to this feature when dynamic forces 

where applied the spine became brittle and broke in half. 

 

 

 

 

 

 

 

 

 

Figure 13, Supporter 
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4.4 SURVEY 
A survey was created to reach the customers directly and to get the most accurate information from people who actually 

do ski on a regular basis.  

The survey was composed by several questions that had the functions that were needed for the 

prototype in focus and was sent out through different social medias and to ask directly from people 

of interest. The survey was consistent of questions that gave specific answers needed on how to 

proceed with the prototypes and what these users thought was important. Stated in the chart below 

is a short summary of the survey, which also laid ground to the evaluating protocol, see Table 18. 

On the left side of the chart is an index between 1-5, where 5 is most important and 1 are less 

imported. The index in the fourth column is how many replied to the specific question.  

 

 

 

Table 18, Result from the survey 

Concluding the results, there is unanimity where the participants do not want to give up comfort 

or increased weight for protection. Furthermore by adding an empty place where the participants 

could write their own thoughts, lefts us with valuable information from the real ski enthusiasts. 

There was an apparent focus on design and appearance, the participants preferred a nice, fresh 

looking design compared to a glove where the focus was on protection. The complete results are 

available in the appendix F and the whole survey in appendix E.  

4.5 EVALUATION PROTOTCOL 
For the evaluation protocol, it was important to evaluate the different solutions to assess which of 

the concepts that would fulfil the market’s needs. The survey laid the background for the evaluation 

protocol, the index on how important each criteria, was directly taken from the survey. The grading 

was set from one to five, where five was the highest score and one the least important, see Table 

19, Evaluating protocol 

The criterias were divided into three different areas, movement, technical and general. By giving 

the concepts different grades combined with how important each criteria was according to our 

survey, the sum of each area for each concept was compared to each other and one of these could 
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be chosen. Furthermore each concept was evaluated with and without a ski pole to evaluate if that 

mattered.  

 

Table 19, Evaluating protocol 

This specific table is based on the function table that (Lindqvist, 2001) explains for design evaluation. The concept 

one spine is the “supporter” solution and the concept two is the “spine” solution.  

As the survey conveyed ergonomics and durability was very important for the participants, thus 

giving them a five as index. To be able to give the customers what they want these factors must be 

given a high score.  

 

4.6 FINAL PROTOTYPING AND REFINEMENTS 
In this chapter the final concept will be presented so well as the final refinements of the prototype. Final testing will 

also be included in this chapter for testing the prototype. 

In this final prototype of the spine concept Alex, the concept has been updated in the design. The 

concept includes now a Soft shell, spine for UCL located at the side of thumb and textile strap that 

goes the same way as how doctors are banding injuries. The same prototype will later on be tested 

to see how the spine combined with the soft shell and textile strap work with each other. The testes 

will generate efficiency on how effective the protection is. To see full result with distends of the 

testing see appendix G and to read about the test rig see chapter 4.7. 

 

4.6.1 PROTOTYPE  
In this version the prototype has no spine that protects from overstretching the thumb, instead 

there is only a spine at the side of the thumb and that will only protect the UC-ligament, see Figure 
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14, Prototype The spine goes from the first IP joint, over the MCP-I and down to Thenar Logen 

to the pam. By this, the skier has full agility in the thumb so every locking are creating problems in 

the movement also the protection gear will give partial protect for overstretching.  

 

 

This prototype contains a protection spine at the side and a soft shell over MCP-joint, the soft shell 

will fixate both spine and MCP-joint. The Soft shell are also guiding the stripes that will be fitted 

at the top, in that manner the thumb will be fully protected. The strips combined with the soft shell 

will also protect the thumb for miner overstretching injuries. This prototype are preventing injuries 

at UCL and protects the MCP joint from forces, prevent movements in abduction and extension, 

accordingly to Dr. Magnus Södergren and Dr. Ivar Dehnish. Allowing movements in adduction, 

flexion, opposition and reposition. 

 

4.6.2 PROTOTYPE FOR THE TEST RIG 
The final prototype that will be tested in the test rig will be the functional prototype and not the 

design prototype. It will be two different prototypes that will be tested in the rig, both are functional 

prototype which means it will only be the protection gear and not the whole glove.   

The different prototype contains different spines, both spines are upgraded versions of the spine 

with reinforce sections. This was noticed before in the previous tests, due to the fact that they 

cracked on the spine sections. This caused the spine to lose its functionality, otherwise the 

prototypes are very similar 

The spines locking ability is created from the shapes from each section, section one have a V-shape 

and the opposite section have an inverted shape and so on. That design is preventing each section 

for sliding and miss fits, if that happens the spine will be useless and the functionality will be lost. 

As can be seen from the top view the support plate that will give support to volar plate still in 

place. That support plate is increasing the area both for the hand and also for being mounted on 

to soft shell plate. That will create stability and support both for the spine agents hand and stability 

for soft shell. Underneath the spine there is a thicker textile for supporting each section so the 

Figure 14, Prototype 
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textile will work as hinges and will prevent movement of the section and gear to only move in the 

functional direction. The textile that is used in this has coarser fibers and are durable for abrasion.  

The material in the spine is ABS- Acrylonitrile butadiene styrene, which are common material in 

protection gear.  With 100% infill and an accuracy with 0, 01 mm.  

 

4.6.3 SPINE FULL  
The first spine that is placed in one of the prototypes has a reinforced section, as can be seen in 

the picture here below. On top of ever section, there is a slightly higher, preventing the spine from 

cracking, as seen in the see Figure 15. an Illustration of the reinforced version, as seen each section 

is reinforced.   

 

 

4.6.4 SPINE HALF  
The difference in the design of the second spine was that, the reinforcement is only on those 

sections that are necessary. Because the soft shell will structure up the spine, it will not be necessary 

to have reinforcement there, see Figure 16  

 

 

Figure 16, this figure are presenting the half reinforce spine in profile. 

This spine is fitted underneath the soft shell that will create that the spine will have extra support 

from the soft shell and will take more load before breaking. It is essential that both spine and soft 

shell are combined to get full efficiency of the protection gear. 

4.6.5 SOFT SHELL PROTECTION  
This final prototype of the soft shell is mounted underneath the textile stripes and both the spine. 

This will create the tight fit that is necessary to gain full efficiency of the protection. The protection 

is applied at the MCP-I joint and down to the volar plate. The plate is shaped as MCP-I joint with 

a distant of 2 mm from the joint. The plate’s main function is to stabilizing the MCP-I and the sub 

function is to give protection from point pressure or punches direct on to the joints. By stabilization 

the MCP-I joint so are motion in abduction prevented and that minimizing the risk of a serious 

UC-ligaments injure according to (Primiano, 1985, p. 425). Also the soft shell are preventing for 

Figure 15, this figure are presenting the full reinforce spine in profile. 
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over stretching of the thumb in small manners. To see the final prototype of soft shell without any 

fabric on it see Figure 17. 

 

 

Figure 17, Soft shell final prototype 

The material that is in the prototype is a thermoplastic that can be heated up and form and 

stretched. Material can be form around 70 degrees and goes back to earlier stiffness, this particular 

material can be used over and over again. In temperature difference that occur in use of a ski glove 

are usually between +24 to -24, notice that it will not climb lower than -24 because the protection 

are located close to the body. In that temperature difference so are the thermoplastic behavior 

relative a like, if the protection were in a temperature of +24 degrees  

 

4.6.6 TEXTILE BAND 
For the protective gear to have a tight fit there was a need for straps. Looking at orthotics for post 

injury of the UCL, almost all had straps for tightening the grip of the orthotics, if they were not 

custom made for the patient. 

Furthermore discussing with hand surgeon Dr. Magnus Södergren, the way the surgeons bandage 

UCL surgeries is the same way the orthotics use the strap to tighten the grip, see Figure 1Figure 

18. Studying this way of holding the MCP in place and minimizing the movement of the UCL, the 

strap for this concept was designed. 
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Figure 18, Illustrated how doctors are binding thumbs after an accident. 

To create a tight fit, the strap starts on the back side of the hand going above the metacarpal bone 

on the thumb, going around the thumb and crossing the metacarpal bone again and going on to 

the palm. By tightening the thumb in this way gives the thumb much more strength and gives the 

protective gear a much better grip. 

4.7 TEST RIG 
The spine was tested, to determine if the spine would handle specific forces without breaking or 

deforming. This due to that the whole protective gear would have more reinforcement than just 

the spine. 

The way to test the protective gear was designed after discussion with Ivar Dehnish MD PhD, who 

works with spine injuries and conducts test on how much force the spine could handle. By 

analyzing the way they conducted test, the test protocol and rig was designed for measuring how 

much force the protective can handle.  

The test rig was consistent of two different weights, one with a conic top and one with a spherical 

top. These weights were dropped through a plastic tube for stability from 15, 30, 60 and 100 cm 

on to the protective gear, afterwards the damage on the protective gear was analyzed. Furthermore 

the test was done in different temperatures to assess if temperature would be a factor on how much 

force the gear could handle. 

Two more areas of testing was needed which was endurance and torsion, which were tested by 

hand. For torsion the gear was slowly turned and the degree of torsion was measured when the 

gear broke and for endurance the gear was bent and then put back in to the start position 50 times. 

To see the test chart, see appendix G. 

One of the issues that appeared was that above each plate on the spine was deformed so a new 

design was needed were above each plate the material was made thicker to minimize the 

deformation.  
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Furthermore one more thing was realized: the spine did only slightly deform in the tests and did 

not break. Although not breaking the spine still loses its efficiency. The temperature range that was 

tested was -18 C to 24 C, which had no effect on the spine.   

Further tests were needed for the whole prototype: the combination of the different parts gives the 

prototype further tolerance and more stability.  

Four different tests were conducted, two for the complete prototype and two for the prototype on 

a glove filled with water and then later frozen. The test for were conducted by the same previous 

testing rig, were two different weights where dropped from a specific distance on to the protective 

gear. For the test where the prototypes without the “ice glove” the deformation on the spine and 

soft shell was analyzed whereas on the tests where the “ice glove” was used the analysis was done 

on the ice itself to see where and if there was any damage on the ice. The hypothesis was to analyze 

the fractures in the ice and determine if the damage was near the UCL and if the level on the spine 

in combination of the soft shell would distribute the forces though the whole hand compared to a 

force on the hand without the protective gear. In generally, the spine can protect from over 

stretching or UCL injuries, still it flexes 52 degrees but with the soft-shell the spine will be put 

under, it will give a more rigid structure and will not flex that much.  
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5 Chapter 5  

Final Product  
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5.1  FINAL PRODUCT  
This chapter explains and illustrates the different parts that are included in the final prototype and proceeding to 

details in how the final prototype works and why the safety system is in place. Furthermore included in this chapter 

is a small instruction on how to use both functional prototype and design prototype.  

This protection gear is placed inside the glove, in between the first layer and the second layer. One 

desired feature is that once incorporated, the user should not see any difference visually or 

ergonomically if the glove is a safety glove or a regular glove. Furthermore the user should not 

sense any difference once they have the glove on compared to using a regular glove before 

tightening the protective gear. 

The gloves appearance should not have any specific features on the glove to resemble any orthotics: 

this caused the need to incorporate the textile stipe that tightens the gear inside of the glove. The 

idea for the lower stripe is to help with adjustment of the protection inside the glove; both tighten 

the protection and fitted the protection, see Figure 19. Which if used alone is stabilizing and 

reinforcing the UC-Ligament. Even without tightening or adjusting the lower strip the protection 

will still protect, but only as impact protection for the MCP or over stretching. The theory is that 

if the user is adjusting the protection itself, due to the fact that hands have different shapes (MCP-

I joint, IP-joint, different length and different wideness), the size and fitting of the gear is one of 

the most important aspects that gives the gear its functionality, by designing the gear in that way  

that the user can when desired “activate” or “deactivate” the protection gear, e.g. when the skier 

are pushing the limit or just going in between slopes and thereby will not use the protection fully.  

 

Figure 19, the design prototype with the lower stripe. 

Here the three safety system can be seen without the textile fabric that is covering them. The picture 

here below is showing the spine in combination with the soft shell and also the textile band that is 

Lower stripe 
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fixating the protection. The whole protection gear is later sewed to the ski glove between the outer 

layer and the inner layer, for providing the most efficient protection as possible. 

 

Figure 20, Illustrated the three safety systems 

 

5.1.1 SPINE 
The spine which is the first layer of the protection, goes from the first IP joint, over the MCP-I 

and further down to volar plate and will distribute the forces applied on to the palm of the hand. 

This will create both extra support and will give a higher capacity of impact resistance.  

Accordantly to Dr. Magnus Södergren, the spine is protecting the ulnar collateral ligament with the 

both soft shell and stripes. However by adding the spine, which is gives the extra support to the 

soft shell so that in combination the protective gear becomes much more resistant and provides 

more protection to the ligaments.  

The material that was chosen to create the spine is ABS- Acrylonitrile butadiene styrene, which is 

the most common in protective gears. The plastic is very durable and strong with high gloss finish. 

ABS combines the best features of SAN plastic and polystyrene shockproof but cannot be made 

crystal clear. Temperature range is between -20 OC to +85 OC (Labware, u.d.) , and has a tensile 

strength of 4,300 psi (Labware, u.d.). ABS plastic is common in consumer’s product, child’s toys 

and is also common in healthcare products (Dehnish, 2014). This spine has been 3D printed with 

an infill of 100 %. For mass production 3D printing might not be the most cost efficient solution. 

If point pressure is applied on the spine the combination of all the different parts will distribute 

the force over the protection spine and equal distribution to the nearest sections. The pressure 

1. 

2. 

3. 
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spreads down through the spine and in to the end piece, the stabilization plate. The plate provides 

higher stability in the protection and pollicis brevis muscle is providing that stability. 

As showed in the drawing here bellow, so is the spine 78 mm long and 10 mm wide. In the right 

corner is the base plate that is 30 mm x 31 mm, this will give support to pollicis brevis muscle. The 

spine´s locking ability is created from each V-shape section and the opposite section is inverted. 

This section will not lock the spine in the functional direction but once the spine forced in the 

opposite direction, it will lock against each other. This will create a powerful locking, furthermore 

the shape of each section will also cause that the sections to not “slide off” each other.  

A study was conducted on the bones within the thumb, the bones variable length and different 

sizes of the hand. The study was conducted at Karolinska institutet, by examining their hand 

models. This lead to the length of the sections of the spine, each section will operate in the right 

length in accordance to the joints of the hand. There are seven sections in the spine, three for every 

joint (IP and MCP-I) and one section in between these two joints, see Figure 21. The reinforce 

section was only applied on two sections: this is because the soft shell will cover the other ones. 

As can be seen at the Figure 21 Detail A. The reinforcement is designed to take up “diagonal 

cracking” when force is applied to the spine, see Figure 21.  For se the whole drawing with the base 

dimensions, see appendix H. 

 

 

Crack 

Figure 21, Are showing detail A and also the different length of each 
section. 
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5.1.2 SOFT SHELL 
The soft shell is the second layer in the protection gear, right above the spine. Soft shell is located 

at MCP-I joint, starts at the proximal phalanx goes over the MCP-I joint and down to the first 

metacarpal bones, see Figure 22. The soft shell is protecting point pressure and locking the MCP-

I joint, which can cause a rupture of the UC-ligament. This soft shell is giving both support to the 

MCP-I and support to the spine. 

 

Figure 22, Soft shell mounted on to the MCP-I. 

According to doctors the soft shell protects against point pressure and also gives support to the 

spine (Dehnish, 2014). It also partly protects UCL, but for full protection it should be combined 

with the spine and the textile band. 

5.1.3 TEXTILE STRAP 
 

As mentioned previously the textile strap, in the way it places the spine and soft shell in position, 

is an essential part of the protection gear, as seen in the orthotics from physicians (Zeipel, 2014). 

The material must to withstand temperatures up to 60 degrees without deforming or shrinking and 

be able to withstand forces needed to tighten the gear. What have been used on post injury gears 

have been a polyester/cotton mixture on these types of straps.  

The strap has several functions, as the strap is it can by strapping it on as physicians do for post 

injury hold the MCP in place and give support to the UCL. By adding the soft shell and spine the 

level of protection is increased immensely.  

How it works is that the strap is pulled from the outside of the glove through the lower straps that 

come out from the glove, the strap is tightened around the hand and  around the thumb to give 

the glove a firm grip around the MCP and UCL.  

To standardize as many parts of the protective gear as possible the straps were designed in such a 

way so that the need for different sizes was removed, by adding a locking mechanism outside of 

the glove where the strap comes out, the need for different sizes of straps for different hands sizes 

was removed. The locking mechanism gives a constant force on around the hand when locked in 

position.  
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5.1.4 TEXTILE GLOVE  
 

The textile glove is reverse engineered from Orthotics for post injuries: it is created from breathable 

fabric so that it becomes very durable.  By doing so the product will have the ergonomics that 

orthotics have that physicians use (Zeipel, 2014), these are created to give the patient the least 

amount of discomfort and at the same time give the most amount of protection possible. 

The glove is made out of two different types of material, one is more breathable and one is more 

durable. The part that is around the thump is where the material is more durable and the part that 

covers the half part of the palm and back side of the hand (the hypothenar muscles ) is the part 

that is more breathable. This is done so that when inside of the ski glove, the hand won’t sweat as 

much, causing discomfort when skiing. 

Since the spine and soft shell have to be created in different sizes to give protection. The textile 

glove comes in three different sizes, small medium and large, this due to that is was not possible to 

create a one-size glove with the protective gear.  

 

5.1.5 THE FUNCTION PROTOTYPE 
 

By placing the soft shell above the MCP joint and the spine on the outside of the thumb and placing 

the leveler of the spine on the pollicis brevis muscles, distributes the forces that affect the UCL on 

trough to the pollicis brevis muscles. These muscles are among the toughest muscles that exist in 

the hand. 

Thus making the placement of the gear important for the function to work as intended, by creating 

the glove the placement automatically is adjusted when the straps around the glove are tightened. 

As demonstrated bellow, we can see that once the gear is tightened around the thumb the spine 

and soft shell are tightly positioned as seen in the orthotics that are available for post injury.  
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Figure 23, Functional prototype 

 Furthermore information from Dr. Magnus Södergren explains that if the skin is stretched the 

body itself reduces some mobility and creates a natural protection, so by having the glove tight 

around the skin, the skin is creating some protection to reduce injuries. 

Introductions on how the brace is used 

The brace is available in three sizes and in left and right hand versions. 

1. Ensure that the straps are open. 

2. Push through the opening near the, See Figure 24. 

 

 

Figure 24, 

3. Tighten the strap that passes across the palm of your hand and fasten this to the 

Velcro tape on the side where the little finger is. See Figure 24. 
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Figure 25, are showing how to put on the functional prototype. 

4. Tighten the strap that passes over the back of your hand and fasten it to the Velcro 

tape by your little finger. See Figure 25. Adjust the two tapes so that the thumb is well supported. 

But still retains the necessary freedom of movement. 

 
 

5.1.6 THE DESIGN PROTOTYPE 
 

The design prototype demonstrates how the brace is going to sit inside of the glove. As it is just a 

design prototype the main functions are not available. 

It demonstrates how the glove through the snow stop fixes the brace in place, and by pulling the 

strap for the brace the brace tightens around the thumb. Again this prototype is just for visualizing 

how the glove could be designed so that the brace protects the UCL and MCP.  

 

Introductions on how the design prototype is used. 

The glove is available in three sizes and in left and right hand versions. 

1. Ensure that the strap on the glove is loose 
2. Put on the glove and fasten the snow stop. 
3. Pull the strap on side of the glove 
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5.1.7 MATERIAL 
The materials that have been chosen for this prototype is a Thermoplastic, that can be heated up 

and formed and once cooled the material becomes hard again. The material in the end prototype 

should be some sort of a thermoplastic and thin layer of ABS for the spine. If thermoplastic are 

chosen to be used in the end product, a thermoplastic with same material specification but a 

different temperature span should be used. If VPD are used in the end product, the material will 

absorb punches and point pressure better than a soft shell with thermoplastic. The material will 

not give as much support to the spine that is needed.  

The soft shell will distribute point pressure and give support as a main function, for sub function 

it will guide the MCP-I so that the joint does not move. The soft shell distributes the force equally 

through the protection and distribute out the forces. The force goes through the soft shell and out 

to both textile band and spine. In this manner the protection works in symbioses with all the 

different parts in the protection gear. 

As the picture is showing so is the protection flat from the beginning and later on form pressed in 

to the right shape, see Figure 26. The shape later on have the base dimensions 70 mm by 78 mm 

and the height 72 mm. Material thickness in the model are 1,7 mm and is made of thermoplastic.  

 

Figure 26, flat soft shell and form pressed soft shell. 

 

As showed in the Detail B in the Figure 26, so is the mounting for the textile band to the right of 

the soft shell. The soft shell will also be mounted all around the shell and mounted inside of the 

glove.  
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6 Chapter 6  
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6.1 DISCUSSION 
At first the problem description was to develop something that would hinder injuries on the UCL, 

this gave the team a wide range of possibilities to try and focus on. The main areas were the ski 

handle, ski gloves and the pole strip. By having these different possibilities the idea generation was 

open and all new ideas within these areas. Although this way of working gave the project a wider 

range of ideas to be generated, this caused the researchers not to become a bit lost and allocating 

too much time on research for areas which were not needed. Although all projects are not the same 

and some problem statements cannot be defined if special expertise is not present.  

The methodology behind the idea creation was a combination between different methods to reach 

the most unique and diverse ideas. To evaluate these, they were presented for experts to decide 

which way the project should continue and what area was the most appeling for the company. In 

hindsight this meeting would have pushed the project forward one month if done earlier and given 

the project a better perspective on what the companies needs were.  

During the idea generation the researches met with Hand Center and were introduced to a new 

way of handling post trauma materials, as this material was easily shapeable and cheap a lot of 

research was put in to the material and too much focus was put on this material. This focus 

hindered the creativity of the idea generation, due to that all ideas after this meeting was thought 

in a way that only this material should and would be used. This limitation was realized midways 

and all of these ideas were put on hold to evaluate if any other good ideas were not thought of. 

New idea generation iterations were conducted to think and generate new concepts that did not 

include the Orfit material.  

New ideas and new areas where discovered, focusing on reusable material resulted in ABS and PLA 

as materials for the protective gear. These new concepts were totally different from the ideas 

created during the first ideation phase. 

6.1.1 SPINE 
In early stages the group started to define where the risk laid and how the injure occur in an 

accident. Was that the thumb was pointing outwards and later in stuck in the snow. This lead out 

in to different concept and shortly after, an understanding was made that by giving support to the 

MCP-I at the opposite side of UCL did provide the stability that was necessry.   

The spine concept was originally taken from how golf clubs are built. They are built is the way that 

they are flexible on one side and stiff on the other. Later on influences from back protection were 

also an inspiring field. This can also be notice in the early concepts of this project. So in an early 

stage this was an idea on how it should work but the problem was, how it should be integrated 

inside a protection glove. More research was conducted on how muscles and ligaments were 

established inside of a hand. From the beginning the spine was located on the top of the thumb, 

but due to trails and testing and different workshops, it was confirmed that the spines efficiency 

ratio was higher when the spine was located to the side of the thumb and not the top. This created 

a problem on how the spine should be mounted. First testes showed that the spine has to as close 
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as possible to the thumb and mounting it inside a glove was not good enough. It was at this point 

this solution was generated, by combining the different concepts and also mounting plate that 

locked the MCP-I joint would the best solution. 

This spine needs further development and more research has to be conducted in the field of the 

hand, on how muscles and ligaments are constructed. This will provide valid information that 

should be included in to the spine. However the spine can also be fully integrated into the soft 

shell, which creates a better manufacturing process and also assembly process. 

  

6.1.2 SOFT SHELL 
In the beginning of the first market research, orthotics had a high priority. Due to that they did not 

address the problem but post injuries. This resulted in some new ideas in how the gear should be 

designed, but after interviews with doctors, rehabilitating experts and professional skiers, it was 

concluded that orthotics were hindering the movement directions of the fingers and the hand in 

general too much and possibly moving the injury to smaller bones. Issues that were also noticed 

were that professional skiers wanted a rupture, because they could still ski. But doctors prefer a 

fracture, because it will heel much better than a rupture and also have a shorter heeling time. 

Another aspect that was noticed when conducting interviews with professional skiers were that 

they wanted as thin of a glove as possible, just so that they could feel the ski pole and focus more 

on the race. 

So full orthotics was not a solution, but since they gave a very good protection research on smaller 

orthotics was conducted. To remove material from an original orthotics and determining if they 

could solve the issue. The aspect that was noticed later on was that after conducting different 

workshops and interviews, it was clearly noticed that a small protection will both protect the MCP-

I from punches and also provide support for the joint was the best solution.  

Further research on the soft shell resulted in different sizes of the soft shell, to gain more accurate 

testing and also try to get efficiency. So the protection it’s self can show how much it protects in 

different accidents.  

6.1.3 TEXTILE STRAP 
The goal was to find a solution that held the spine and soft shell in place and would provide support 

for them. The possible ways to solve this issue were endless, mostly due to the many protective 

gloves that exist today in other areas. 

After three ideation and concept iterations, many different concepts that would give the spine and 

soft shell support were developed, ideas ranging from direct integration to the glove and using 

elastic strings that would wrap around the hand and could be tightened by different mechanisms. 

Through discussions with doctors, professional skiers and enthusiasts some of these ideas where 

discontinued and some needed further research before a full evaluation could be possible. 

The brace concept was one of the first ideas that were generated, as seen in the idea generation 

chapter. This was a concept that was the most appropriate way to present this product and the best 

way to try it out as a standalone product. One of the issues that arose was that the spine and soft 
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shell would not always sit in place and give the protection needed. A solution where there was small 

pockets where the spine and soft shell could be inserted into and to sow it tightly on to the brace 

was created and tested. With these possible solutions it was realized that with the pocket solution 

the gear would not sit in place as tightly as it was needed for them to be a solution and by sowing 

it tightly the gear became more loose after endurance tests, which they should not do since a 

professional skier does around seven ski runs a day during training and the gear should not become 

more unsafe with each run. 

When skiers have this injury doctors that address this will try to wrap tape around the MCP to give 

the ligament support and to hinder movement of the thumb. Using this information and mimicking 

the way the doctors to tape but with a textile strap gave the product both protection and kept the 

gear in place. 

. 

6.1.4 TEXTILE BRACE/GLOVE 
The textile brace/glove was after extensive concept generation and prototyping the most suited 

solution on how to fixture the soft shell and spine, especially when the project group was unsure 

on who would be the final supplier. This solution was a general solution that made it possible for 

any company to make their adaptation to create a solution that would fit their products. 

The first concept of this solution was generated during the first ideation phase, but put on hold to 

see if better alternatives could be created, several adaptation of this concept was created during the 

last ideation phase with different ways of resolving the UCL problem. With different types of 

solutions that would be mounted on to the brace.  

Different materials were used at the first stage of prototyping to generate a brace/glove that would 

sit tightly around the hand and to give maximum protection for the MCP. A thick stretchable textile 

material was the first attempt to create this, due to the fact that Dr. Magnus Södergren explained 

to us that if the skin is stretched the body itself will minimize spontaneous movement of limbs. 

The theorem being that combined with the spine and the soft shell would give a very good 

protection. But the breathability of that material was not satisfactory so a new attempt with dual 

type of material was tried out. Were one half had a more durable elastic textile material while the 

other half consisted of a more breathable elastic textile material to achieve a more breathable brace 

while still being durable so that it could wrap around the skin and stretch it.  
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6.2 CONCLUSIONS 
Bellow the conclusion of each part of the prototype will be presented 

6.2.1 SPINE 
The spine concepts that are mounted inside the protection are both flexible and stiff in different 

directions, and also its goes forward to the thumbs IP-joint, so that the spine would not hinder the 

thumb when the hand was in use. But further research should be conducted to determine if t the 

combination of the spine and supporter would result in a better solution. So in between the soft 

shell and IP joint are a hinges that create flexibility. This is mainly so it will be easier for 

manufacturing and assembly, also another factor that should be tested is to combine the soft shell 

and the spine in to only one piece. Perhaps it will lock too much of the degree of freedom, but still 

is a valid test.  

6.2.2 SOFT SHELL 
The soft shell concept benefits are that it protects the MCP-I against punches and also 

repositioning the MCP-I and by that hold it in place. There is a possibility to create a thinner and 

softer soft shell, but the idea of that it is also working as impact protection should be thought 

about. That can in some cases create a higher protection. 

6.2.3 TEXTILE STRAP 
The design of the textile strap could have had a higher priority, if the thickness of the strap changed 

at specific places the strap would have resulted a more effective product. Also more research could 

have been put in to the choice of material, perhaps a more stretchable material would have been 

more suited. 

6.2.4 TEXTILE BRACE/GLOVE 
The textile brace gives both support to the hand and helps place and hold the spine and brace in 

place. The design distributes the forces that are applied to the thumb on to less fragile parts of the 

hand.  

Still more research could have been conducted to provide a brace that would work better and fulfill 

the customer´s needs in a more accurate way. However the final brace did match the breathability 

needs better than the first prototype. The textile brace does give the opportunity for it to be a 

stand-alone product that does not need to be intergraded in to a glove.  

6.3 FUTURE WORK 
The bones and the ligaments of the hand are a problematic area that would need further research. 

Such research requires much more time and equipment and knowledge, these types of research 

need to be conducted in a controlled environment with the correct equipment. This could be 

outsourced or conducted as a specific student project. In the latter case, it is needed to be clear that 
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it would only focus on the forces that the hand can withstand and more knowledge about 

biomechanics is needed. Furthermore a multi-disciplinary would be the best option to conduct this, 

due to the need of biomechanics and strict engineering. Still the literature studies and research are 

an important part of a project, but combining the knowledge of students from different fields 

would result in a better way of approaching the issue.   

THE PROBLEM IN DIFFERENCE, POSSIBLY CREATING MORE IDEAS AND CONCEPT. 

- Size different 

The size different need further research, to get a better fitting both tighter and ergonomic. The 

textile strap aren’t suffering for any size so far in the project, the only parts that suffers and that 

needs to be made in different sizes are the soft shell and spine. As variable as wideness of the 

hands backside, also the joints are often variables at different hands. Length of the fingers doesn’t 

concern the protection gear, it’s just concern the glove sizes.  

- PRODUCTION METHODS 

The production methods have to be looked over and design changes haft to be make for 

manufacture this product. Also an analysis on how high the manufacturing cost can rise.   

- MATERIAL FOR SOFT SHELL 

Material in the soft shell today are an elastic thermoplastics, that can shapes if it gets heated up 70 

degree, this can be a problem later on. Howe ever this thermoplastic need more research if it exist 

same properties but different melting point or if ABS plastic is more valuable choices in just this 

specified product.  

- HIGHER ENDURANCE ITERATIONS 

The tests that were conducted were only done in few cycles and need more repetitions to create a 

more accurate result, theoretically only for eleven working day for professional skiers. That is one 

thing that needs to test even further. Endurance of 150 skiers day in one seasons and a couple of 

seasons so endurance test for 4200 cycles, would give a more accurate test. 

- EXTREMER TESTES OF THE WHOLE PROTECTION INSIDE A GLOVE 

To mimic all the ligaments and all the bones that are affected during an accident a more reliable 

testing procedure is needed, simulations and testing are reliable but testing on corps hand would 

result in exact results. The ligaments of hands differ from person to person, factors such as work 

out habits, genetics. So by conducting this protective gear on multiple corps hands would give a 

general result on how much this product actually reduces the injuries. 

- INCLUDE ERGONOMIC TESTING ON CERTIFICATED SKIERS 

Through discussions with ski professionals and experts within this field the understanding of the 

ergonomics of ski gloves was established. Some skiers do not want to feel the glove at all around 

the grip and some do not want to have any factors on/in the glove that would in any way disrupt 

their concentration while skiing. These factors are essential for the glove to become as successful 
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as possible. Through more testing and research the final product can be fine-tuned for the end 

product. 
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APPENDIX E - SURVEY 

The English form: 
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The Swedish form: 
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APPENDIX F – SURVEY RESPONSES 

The English responses:
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This is the Swedish response: 
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APPENDIX G – TEST RIG CHEET 

  

As can be sin so did no further testing in temperature -18 degrees, because it will never be that 

cold inside a glove where the protection are right at the skin. 
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