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Abstract 
 

The design process for medical devices requires a good understanding of all those 

requirements involved in the healthcare industry. Not only making sure that 

medical standards are met is important, but paying special attention to all the 

human factors and behaviours related with those procedures for which the device 

is intended, is essential when approaching the ergonomic perspective of the 

development process for medical furniture or other similar components/devices. 

In order to facilitate the understanding of the process as well as making possible 

its future use as a reference guide for the development of other new related 

products, this thesis will be using a case study in which all the procedures and 

stages of the development will be described and applied under real conditions with 

the final outcome of a new product based on an Ergonomic Ultrasound 

Workstation. 

The case study will go through the different stages involved on the project. It starts 

with the gathering of specific information not only about current technology 

available but also about methods of assessing the kind of operations that are 

generating these injuries, followed by in-site observations that will help to finally 

have a real picture of what the current situation is.  

This will allow the development of an initial concept design, followed by a 

component-focused technology review, to give the outcome of a fully working 

prototype to be evaluated during an experimental stage. Findings from these 

experiments will be key to obtaining final conclusions as well as to establish the 

future path to create and sell a high demand solution. 
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In the past, when a hospital needed to buy a new device (chair, couch, seat, etc.) 

they would typically look into different characteristics such as weight limit, trap 

risks, durability, ease of use, etc. and the person in charge of purchases would be 

the one who approved the device following the rules of the hospital. 

However, during the last few years, organisations such as NHS have been 

introducing new procedures and quality assessments in order to improve the way 

departments are managed and controlled. Risk assessments, infection control, 

ergonomics and comfortability for both patients and professionals, have been 

added to other increasing issues such as repetitive strain injuries and the growing 

number of patients with a high Body Mass Index (BMI). 

Figure 1.2 New Ultrasound Couch, designed for Knight Imaging and final outcome of the present work. 
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Knight Imaging has developed and sold an extensive range of Ultrasound couches, 

patient chairs and X-Ray imaging accessories since 1981.  

Founded in 1981 by Anthony Knight in Worthing, West Sussex as 'Knight X-Ray 

Cassette Services,' Knight Imaging originally offered an X-Ray Cassette repair and 

replacement service. By 1985 the company had become Knight X-Ray and had 

begun to design and sell Lead Aprons and Ultrasound Couches to hospitals around 

the UK. The business grew and developed, and in 1995 a merger with the successful 

Nuclear and Optical Product import company Southern Scientific created the name 

Knight Imaging. 

They have continued to sell Ultrasound Couches, developing ever more versatile, 

motorised models, as well as supplying X-Ray Viewers and accessories, Lead Aprons 

and protective wear, and developing the popular SIGMA motorised patient chairs. 

1.2.3 The problem 

Upper limb disorders (ULDs) in ultrasound have become an increasing problem 

involving not only personal damage to the careers of many professionals and their 

wellbeing, but also economic and financial impact causing huge costs to the NHS 

and other organisations. This point was finally identified by some manufacturers 

and distributors of medical equipment who are getting more and more concerned 

about the issue, which represents an important opportunity for them to invest in a 

new part of the market.  

This is the reason why Knight Imaging wanted to tackle the problem of ULDs in 

order to get advantage on the research and development of new products focused 

for this special purpose. The company already had a wide range of products in the 

market, but required some specific research that could bring the necessary inputs 

to carry out a product development process with the final objective of putting on 

the market a new and innovative unit. 
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Figure 1.3 Stage-Based design process diagram. 

Regarding task distribution and techniques applied, another diagram (fig. 1.2) is 

prepared to show the main activities involved on the design process and which is 

the technique applied for each of them. Since some of these techniques have many 

similarities, there could be some variations on how each activity is approached, but 

this can be accepted as an example distribution.  

 

 

 

  

Figure 1.4 Activity-Based design process diagram. 
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2.1.6 Technology 

On the side of ergonomic product design, the improvements are not yet as 

satisfactory as required; some ergonomic elements have been included like tables 

or chairs with improved adjustability, new ultrasound machines are much more 

moveable and some new devices can help in scanning tasks, such as arm rest 

cushions or supports for transducer cables. However, all of these have not resulted 

in a significant decrease in the number of cases of MSDs in sonography. 

Most ultrasound machines are built in a block with both the screen and the controls 

in the same place. The sonographer must adapt to this position, which means that 

he/she must be seated parallel to the examination table using one arm to scan and 

the other to manipulate the control panel. Also twisting his or her neck to see the 

transducer or the screen and without the possibility to place the legs under the 

couch or the ultrasound machine due to the non-ergonomic design of these 

instruments (see figure 2.1).  

 

Figure 2.1 - Sonographer overstretching to reach the target. 
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2.1.8 A gap in research 

In terms of delving into the physical and mechanic limits and necessities of 

sonographers regarding to their profession, a lack of information and research has 

been found. It is absolutely comprehensible that the problem still exists and that 

is because when manufacturers try to design and improve current technologies and 

products, they do not know where to start or where the limits are to modify the 

existing design processes. 

When thinking about potential improvements, there are some questions that 

appear regarding to what can or cannot be commercial. Assisting one of the 

movements that sonographers must perform when scanning could be useful, but 

could this movement be 100% assisted? The answer is not yet. Unlike other 

repetitive tasks such as drilling a piece of steel or placing labels on clothes, 

ultrasound scans need to be more manual since the sonographer must have some 

control over the transducer and adapt these movements to his/her detection skills. 

Real-time, physical feedback to the sonographer remains the best approach to 

carrying out scans efficiently and accurately. 

After reviewing the most recent literature, it is clear that the reason for the vast 

majority of MSDs among sonographers are the unnatural movements and efforts; 

if, during a scan, they have to apply up to 180N of force with the arm at 90 degrees 

of abduction, it follows that after years of work the muscles will eventually be 

damaged. In the Kinghorn project report, it is mentioned that even though pressure 

of work is blamed for RSI, part-time workers suffer as much as full-timers(Kinghorn 

RSI, 2012). Equipment-related causes should then be one of the main sources of 

the problem. 

The necessity of laboratory experimental research covering all the scanning 

procedures and movements is more than clear. Knowing how many times a 
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sonographer has to manipulate the control panel, the movements that they would 

need to be assisted with, on what axes and planes couches and chairs should be 

adjustable or what is the maximum pressure that the sonographer has to apply to 

the patient, are some of the questions that need to be answered before starting 

any innovative design process. These are the kind of topics that this study will try 

to clarify in order to bring new information focused on the new product 

development process for healthcare equipment manufacturers. 
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2.1.9 Conclusion 

All the information gathered previously to this literature review has helped to 

identify key points such as the issues reported by sonography departments and 

professionals, the main causes of these problems and both the economic impact 

and the personal impact of work-related musculoskeletal disorders amongst 

sonographers. In addition, it has allowed an understanding of the reasons why, 

despite there are some advances in workload management and training, the 

number of repetitive-strain injuries within these professionals has not only not 

decreased or stopped but increased in the last years. 

Many testimonies, surveys and other kinds of feedback have been gathered too; 

the conclusion obtained is that there is an urgent necessity to tackle the problem 

and find a successful and satisfactory solution which will bring a good economic 

benefit to healthcare institutions and, most importantly, will improve the quality of 

life of thousands of people who are developing their professional careers through 

sonography tasks. Also it is important to mention that most of these injured 

professionals are forced to avoid performing some daily life activities or even to 

take early retirement which is another reason for researches and manufacturers in 

this industry to take action as soon as possible. 
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Autotilt BARIATRIC COUCH 

There is an extra model specially designed for 

bariatric patients (fig. 2.5) which can support up to 

325kg and has similar features to the DELTA models, 

but its height elevation ranges from 43cm to 97cm. 

 

 

2.2.2 Comparison  

Table 2.1 provides a comparison of the Knight Imaging range of Ultrasound 

Couches. 

Table 2.1 - Comparison of the US couches in the Knight Imaging range. 

 BETA DELTA ECHO BARIATRIC 

Width 70/80 cm 70/80 cm 80 cm 80 cm 

Height range 49,5-87 cm 50-102 cm 50-102 cm 43-97 cm 

Max. Weight 260kg 250kg 225kg 325kg 

Height Motorised Motorised Motorised Motorised 

Backrest Optional Motorised Motorised Motorised 

Foot section Optional Motorised Manual Motorised 

Tilting Manual Motorised Motorised Motorised 

Figure 2.5 - Autotilt Bariatric-design. 

(Knight Imaging catalogue). 
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2.2.3 Improvements needed 

The current models have a well-covered range of movements which facilitates most 

of the tasks that need to be performed in sonography, all of them have a large 

size option to accommodate bigger patients and the maximum weights, which 

range from 225kg to 325kg. The low starting position seems to be low enough to 

facilitate the use of disabled or movement-limited patients. However, some 

potential improvements have been identified in order to improve ergonomics. 

With the objective of increasing the comfort of sonographers when using and 

manipulating these kind of couches, one of the requirements to reach this objective 

would be to decrease the number and volume of mechanical parts under the couch. 

The couches have been studied and it has been found that most of these parts are 

designed for the height adjustment movement. Some improvements have been 

done in the latest models to reduce the space required for this vertical 

displacement, normally accompanied by a circular movement of the mechanisms, 

which requires more space in the room. However, this circumstance could be highly 

improved by replacing this mechanism by a single and bigger actuator strong 

enough to avoid vibrations and maintain the stability of the structure. 

The parts of the mechanism related with other movements are not a big problem 

since they are already simplified. One improvement that could be made, would be 

to decrease the thickness of the frames where the upholstery supports are attached 

in order to facilitate the operator to place his/her legs below the couch. 

The maximum weight supported could be increased by utilising stronger actuators 

and materials, but it should be studied if there is a real necessity for that since this 

would increase the final price. 
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Feet support for the sonographer should be included in all models as well as a 

more ergonomic chair in case of including it with the couch. Reversibility to allow 

the scans to be performed from both sides would be a good improvement too. 

Another required change in terms of health and safety and hygiene levels is the 

covering of rotating and mechanical parts. Some of these mechanisms represent a 

high risk of accidents such as pinched fingers and have too many difficulties for 

cleaning tasks. Using a light material like plastic or some kind of fabric to cover all 

these parts would improve this aspects and it will give a better look to the product, 

making it more commercial and attractive. 

However, the most important feature for the new product will be an innovative 

armrest which can assist the sonographer in some forces, especially the pressure 

applied with the arm in abduction position. Probably this armrest should be an 

optional extra since it will increase considerably the final price of the couch. 

An improved system to accommodate other devices needed for sonography such 

as the ultrasound machine will be studied too. The biggest barrier to achieve this 

is the wide range of different machines, screens, controls, etc. that are currently in 

the market. However, transforming the couch in a kind of docking centre for 

sonography workstations would be an important achievement for this project. 
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2.2.4.2 Capisco chair 

The Capisco (fig. 2.8) chair seems to probably be the most ergonomic model of 

chair used in sonography according to the opinion of 

several professionals. It was specially designed for works 

that require a large amount of movements and different 

positions. 

It would be a comfortable option but, again, there is 

capability for force assistance. Both the saddle seat and 

this Capisco chair could be implemented in a potential 

Sonography Workstation ergonomic design. 

 

2.2.4.3 Semi-seated position chairs 

A chair that allows a semi-seated position (fig. 2.9) should be studied too. It would 

facilitate the sonographer to perform the scans on a partially-standing position (it 

would require a higher 

scanning couch) which would 

avoid some heavy neck and 

waist twisting by allowing them 

to get closer to the couch. 

Some models of chair for this 

purpose have been designed 

and some of them include leg 

supports that make this a good 

option to take into account.  

 

 

Figure 2.8 - Capisco Chair (Google 

Images). 

Figure 2.9 - Semi-seated diagram that could be adopted by 

sonographers. (Google Images) 
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The shape of the probe determinates its field of view, and the frequency of emitted 

sound waves determines how deep the sound waves penetrate and the resolution 

of the image. Ultrasound can be done much faster than X-Rays or other 

radiographic techniques.  

After analysing the products being sold by healthcare manufacturers, it has been 

established out that the vast majority of these products are far from solving MSDs 

risks even if there are some improvements on design. However, these ergonomic 

improvements seem to be more oriented to the patient attention than to the 

professional.  

The latest Ultrasound Machines are designed with a 

much more modern look and their dimensions have 

been reduced compared to older models. Most of 

them have articulated screens that allow the 

sonographer to show the images to the patients but, 

as mentioned, this characteristic does not improve 

the ergonomics  since the operator still has to be 

positioned parallel to the patient and twists his/her 

neck to see the screen or the transducer. 

In recent years, some improvements have been introduced on these devices such 

as reduced dimensions of the CPU, improved adjustability of the screen and 

controls (fig 2.11), remote controls and the implementation of ports for external 

devices (a feature that allows to connect supplementary screens that could help to 

increase the ergonomics of the workstation). However, only one of the products 

analysed has the characteristic of being able to be mounted separately (fig. 2.15) 

The problem is that it seems to be more like other portable ultrasound machines 

rather than one that allows the controls to be away from the CPU. 

Figure 2.11 - Example of latest design 

of Ultrasound machines. (Philips 

Healthcare) 







37 

 

2.2.8 Conclusions 

After reviewing different technologies, there is a more in-depth knowledge about 

current products being sold in the market. Understanding about Ultrasound 

machines and how they work has been improved as well. This study will help in 

any potential new product development by incorporating current improvements 

that have already been tested and implemented in sonography workstations. 

A considerable advance regarding the couch design seems to have been done by 

manufacturers even though there may be some extra considerations that they 

should take into account for future models. A large catalogue that offers different 

models to adapt for each kind of examination to be done, will cover all the 

necessities of each department and there are even multipurpose models which 

reduce the number of couches needed for general examination departments.  

However, these improvements have been all made by increasing the number of 

mechanisms and adding extra options such as side rails or stirrups. Adding even 

more actuators could help to improve the comfort of both patient and 

sonographer, but after all improvements have been done, this will be far from 

solving the prevalence of Musculoskeletal Disorders that these professionals are 

suffering after years of service. 

Regarding to Ultrasound Machines, it seems that manufacturers of these products 

are not working well with couch and table manufacturers. Most of the models 

found are still being built in one block. It is true that they have been implemented 

with articulated screen stands and height adjustability as well as external devices 

ports and other new features, but if the objective is to reduce the risks of upper-

limb disorders, the solution will require a better synergy between all factors 

involved. 
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Ultrasound instruments will need to be accommodated in new couches, probably 

by designing a kind of universal stand for screen and controls that allows improved 

adjustability in more axes. This versatility should include reversibility to the 

traditional position and the possibility of being used for both left and right handed 

sonographers.  

Nevertheless, the largest gap identified after this technology review, is the armrest. 

Nobody has launched a product that helps not only to support arms and shoulders, 

but also to apply pressure over patients when needed too.  

Improving to a high level the design of the couch, introducing new and existing 

features to get a complete and versatile workstation and offering all of this with a 

new and innovative device that reduces the most important risk of MSDs, will be 

an important step forward in how these products are designed, commercialised 

and utilised. If this is accompanied with training on ergonomic behaviour for 

sonographers, as well as good workload management and break distribution, there 

will be a significant reduction in the number of cases of work-related upper limb 

disorders and consequently the economic losses due to this kind of injuries.  
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Figure 3.4 - Typical neck scan posture 

3.1.2.4 Abdominal scan  

In this scan a manually adjustable couch was used again. The chair was more 

adapted to medical uses, however, wheels were not fully working and a 

replacement was needed. Staff remarked the lack of budget for these kind of 

expenses, the ultrasound machine was very old, and it expelled a huge amount of 

heat to the room which caused environmental discomfort.   

3.1.3 Day 3 

3.1.3.1 Meeting with sonographer 

A large amount of useful information 

was provided by the last 

sonographer observed. He bought an 

ergonomic mouse for himself which 

was very useful when he had to write 

reports and other documentation 

between scans. An important detail 

that must be taken into account is 

that he tried to perform scans in a 

standing position (fig. 3.5) as often as Figure 3.5 - Standing position example 
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he could. He was asked about the idea of a lateral support for the body to help 

them to work on this way and his opinion was very positive. However, he did not 

give a good response when asked about the possibility of using an articulated 

armrest, the reason given was that he needed to make movements in all angles 

and planes, and it was felt that any kind of artificial structure would create 

limitations to these motions.  

He mentioned several problems with transducers as well, especially with the shape 

and the tension created by the wire. It would be very difficult to convince him to 

alternate between right-handed and left-handed scans since sonographers are all 

trained in a right-handed way (he compared this case with when musicians plays 

instruments such as violin or guitar, they are instructed to play in a specific way). 

He felt a simple centralised locking system for the couch would be a very good 

improvement since sometimes (especially in urgency services) they need to move 

patients and some couches have individual brakes, which obligates the 

sonographer to move around the room. The last issue he raised was a lack of space 

between machine and couch, but this would depend on the department/hospital 

set-up. 

3.1.4 Conclusions 

Once several kinds of scans were observed and some sonographers were asked 

about opinions and identified issues, it was clear that any attempt to design an 

articulated armrest would be more complicated than expected due to the necessity 

of performing motions in many dimensional planes and angles. As mentioned 

before, an artificial structure supporting the arm would interfere with some of these 

movements and create an obstacle for completing the scan.  

For these reasons, it was decided the design stage of the project should be focused 

on other kind of solution, such as a side support. It was observed that performing 
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3.2 DESIGN 

3.2.1 Introduction 

Initially, the plan was to find an integral solution to the whole problem of Work-

Related Musculoskeletal Disorders through the design and manufacture of one 

unique product which would assist sonographers when scanning by applying the 

required force on each scan. 

Since the project had some financial limitations in terms of budget available, as 

well as the available technology in the company was not at a high level, the first 

idea of designing a robotic arm was not discarded during the initial stage after 

consulting different experts from The University of Sheffield team of Robotics. They 

explained the difficulties of reproducing the mechanism of the wrist and said that 

it was probably the most difficult musculoskeletal part of the body to be copied. 

Bearing this in mind, it was necessary to find alternative ways of starting an initial 

concept design. Since this is an industrial project intended to be fully developed 

and launched to the market, there was a special concern about trying to reduce 

risks and keep the manufacturability factor as a priority whilst still delivering 

innovation. 

This is why the Knowledge Transfer Partnership between the company and The 

University of Sheffield was so important. 

The final decision was made knowing that ultrasound scans can cause different 

kinds of injuries depending on the situation of each professional, as well as more 

than one injury at the same time. For this reason, the concept design was based 

on a multi-features system which would combine different solutions to create a 

fully ergonomic ultrasound workstation that could reduce several risks at the same 

time.  
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Shoulder support 

It is known that one of the very areas of pain as well as one of the most common 

causes of injury is the shoulder. This project has always had a special interest on 

reducing MSDs risks in the shoulder region as it may solve a great portion of the 

problems related with ultrasound scans.  

Postures that involve shoulder rotation above the shoulder plane are linked to a 

large incidence of this kind of injuries. Angles greater than 45 degrees between the 

torso and upper arm require much more muscular activity than a relaxed standard 

posture and this causes an increase of the mechanical pressure on the 

supraspinatus tendon, which can lead to impaired microcirculation resulting in 

inflammation. If the inflammation is sufficiently intense, then shoulder tendinitis 

may become chronic since the degenerative process in rotator cuff tendons and 

impaired microcirculation may lead to small areas of cell death.  

This makes the provision of a shoulder support or arm rest a must when speaking 

about the design of ergonomic ultrasound workstation. Some similar devices are 

already in the market as it has been described in the previous technology review, 

but they are normally just providing a place for the arm to rest passively and not 

helping the shoulder to perform movements by reducing the demand on the 

muscles and or reducing the effective weight of the arm at the same time that it 

preserves a free range of movement. 

For this reason, it is necessary to find an alternative design by researching across 

other industries with similar necessities that might have similar issues and that 

could have reduced these risks by the introduction of innovative devices that could 

be implemented into medical environments without reducing their effectiveness.  
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This case would be very similar to a 

sonographer that has developed 

a rotator cuff injury and cannot 

apply enough strength in order 

to perform ultrasound scans as 

he or she could still lift their arm 

and move it in a wide range of 

angles. A potentially appropriate 

model of these kind of arm 

supports could be the Edero Arm Support (fig. 3.10). 

The objective of this device is to reduce the force required to operate the 

transducer because no control is needed as the device follows the natural arm 

movement, at the cost of some power requirement for acceleration, deceleration 

and overcoming friction and balancing error, while keeping a high level of 

functionality (Mastenbroek, 2007). As explained before, the device was primarily 

directed at people suffering from SMA, but could be useful for other users such as 

persons performing computer work or any other activity related with an important 

RSI risk and, on the contrary of the X-Ar model, this is a much cleaner and medical-

looking device. 

As this seems to be the best choice for this project, it was decided to advance in 

the workstation design by incorporating one unit of the Edero Arm Support, which 

should be an important part of the whole system that will help reduce an important 

portion of shoulder injury risks.  

  

Figure 3.10 - Edero Arm Support (Armon products) 
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4 EXPERIMENTAL EVALUATION 

4.1 METHOD 

With the objective of understanding the behaviour of muscular activity when 

performing scans, a first pre-design experiment was planned. The principal target 

was to obtain enough information and knowledge about the most damaging 

postures and movements to fix them as main points of improvement. In order to 

start with the design process, it was necessary to analyse all movements involved 

in a scanning task as well as the forces implied. Other information that should be 

obtained would be the muscular activity, this would help to confirm the efficacy of 

ergonomic modifications and allow an estimate of the level of improvement that 

could be reached. 

This assessment was utilised to influence in the design process, in the case of 

developing any mechanism or device which would assist some movements and 

avoid the sonographer from doing dangerous movements/forces. 

The measuring stage of the experiment was done through the use of Industrial 

Electromyography or a similar 

method. Electromyography (EMG) 

has been utilised before in other 

experiments for analysing issues 

related with sonography (fig. 4.1) 

and in other industries to get 

information regarding the 

performance associated with the 

workplace, principally to evaluate 

light, repetitive work where the 
Figure 4.1 - Electromyography equipment for U.S. (Alimed Inc.) 
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activity of specific muscles is of interest. Ergonomic analyses often use this 

technique when comparing the specific musculoskeletal stress associated with 

various work positions, postures or activities and for validation of ergonomic 

principles. 

Through the use of this method, the objective was to get enough information to 

confirm that by avoiding some 

postures and efforts, the risks of 

musculoskeletal disorders can be 

decreased in sonography by 

designing products that improve 

ergonomics in the workplace. To 

reach this objective, muscular 

activity measurements (fig. 4.2) were 

taken in different workplace 

scenarios (One standard and other 

improved) and then, by comparison, it will be reflected if efforts increase or 

decrease.  

It has been defined that for issues involving control panel manipulations, left upper 

trapezius is the muscular region to analyse and for issues involving shoulder 

abduction, it should be the suprascapular fossa where EMG evaluation must be 

done.  

Muscular activity data was collected using EMG in different scenarios, with the 

objective of comparing them and checking that present improvements are truly 

successful, as well as to test any potential prototype to confirm that the product 

can help to reduce the load and stress suffered by sonographers and avoid work 

related musculoskeletal disorders. 

Figure 4.2 - Electromyography set-up. (Medcrome.com) 
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muscle that gives a confirmation of the fact that the use of this device is helping 

the user to reduce the effort required during sustained shoulder abduction by 

supporting the arm weight. 

 

Figure 4.6 - Post-design experiment average results for scenarios A, B and C.  
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Thanks to this first evaluation, it was possible to make some modifications to the 

ergonomic system by replacing the first arm support (X-Ar) with one more suitable 

for medical environments and easier to use (Edero Arm Support) as it has been 

explained in previous chapters.  

Another advantage of this new support was that it had been already approved as 

a Medical Device in order to meet medical standards for CE Marking. 

Once these last improvements were introduced, the whole system was installed in 

a real clinical environment in order to perform a 1-week evaluation with 

experimented professionals and with real patients (fig. 4.8). The same methodology 

was used, a similar survey was produced with some modifications specially 

introduced for the case, as in this occasion the users would not be under training, 

but performing rea ultrasound scans.  

 

Figure 4.8 - View of the Edero Arm Support during the clinical evaluation (Neck scan) 
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5 CONCLUSIONS 

Developing new products can be an incremental process. Analysing market needs, 

specifications and potential customers will always increase chances of success, 

however there is an important trial-error factor in the final outcome. 

It is important to always try to control as much as can be controlled, leaving the 

less amount of randomness as possible. In order to know where the process is and 

which decisions have to be taken, communication with customers is vital since 

these focus groups will give a very valuable feedback to the people involved in the 

project. 

As well as from customers, this feedback must be obtained through other means 

such as suppliers and manufacturers. 

In this specific case, collaboration between a knowledge organisation (The 

University of Sheffield) and an experienced company (Knight Imaging) has delivered 

a good outcome. 

Despite a final product not been launched into the market, the base of a good and 

commercially viable product has been settled with a positive feedback from 

customers, who were always involved in the development and posteriorly in the 

evaluations. 

Of course, there were some concerns about several aspects of the design and 

usability of the product, but none of them seem unachievable after a few design 

iterations. It is known that there is huge room for this kind of product in the 

ultrasound industry as more and more professionals are claiming for it, so further 

work over it would be very profitable in the short term. 

On the bad side of the case, some lack of preparation for the clinical evaluation 

can be observed as some of the participants were not properly trained on the use 
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6 FUTURE WORK 

By the end of this project, a fully completed product has not been launched into 

the market since more work seems to be required on this field in order to fill the 

gaps that have appeared during the research. Even though the outcomes from 

different trials and evaluations seem very promising, there is a need for a final 

design iteration which could be implemented by a new clinical evaluation which 

this time should serve as a real and commercial launch for the new product (or 

group of products).  

As some of the devices involved on the workstation design are provided by 

different manufacturers (i.e. arm support), it is important to obtain a full description 

of what is included as well as to stablish the different configurations offered in 

terms of sizing, materials, additional devices etc. Some medical departments will 

require an arm support, others will just get the scanning couch and others could 

ask for a fully ergonomic ultrasound system. It is important then to establish what 

the company wants to sell and under which conditions. 

In the particular case of the scanning couch, which is the part of the system that 

presumably will be manufactured by the company, it will require a final technical 

file, which will not only fix the different characteristics of the manufactured parts 

but also will include details of  commercial and standard components (materials, 

sizes, standards, etc.). A supply agreement should be considered too in order to 

stablish a purchasing method including order quantities, spare parts inventory etc. 

A similar agreement needs to be obtained with the suppliers for the devices of the 

system as they are more complicated components than simple bearings or foam. 

In this case warranty and service must be discussed too, to ensure that the 

customer will be able to obtain any kind of required maintenance or reparation. 
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conclusion about how the current design of the product can be improved in order 

to represent a commercial solution to many professionals.  
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8 APPENDICES 

  



















 

Scenarios 
The characteristics of each scenario are described on the following table: 

Scenario Ergonomic 
Couch 

Ergonomic 
Chair 

X-Ar 

A NO NO NO 

B YES YES NO 

C YES YES YES 

 

Average results 
 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment 1 

Date 20/07/2015 

Gender Female 

Age 20 

Height 1.68 

Weight 53 

Hand Right-handed 

Scenarios 1,2 and 3 

 

Scenario UT MT LT 

A 70.98261 49.82372 23.93523 

B 44.2453 31.19363 41.45299 

C 22.2627 21.16032 19.79991 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment 2 

Date 04/08/2015 

Gender Male 

Age 25 

Height 1.80 

Weight 77 

Hand Right-handed 

Scenarios 1,2 and 3 

 

Scenario UT MT LT 

A 60.7983 50.70863 24.16085 

B 74.5560 54.23864 18.48521 

C 68.1642 42.00156 12.53361 

 

 

 

 

 

 

 

 

 

 

 



Experiment 3 

Date 04/08/2015 

Gender Male 

Age 29 

Height 1.77 

Weight 78 

Hand Right-handed 

Scenarios 1,2 and 3 

 

Scenario UT MT LT 

A 54.4578 64.71587 50.04197 

B 49.1539 47.55650 72.12496 

C 21.36342 10.13469 13.81219 

 

 

 

 

 































 

 

Project Tasks and Times 

 

 

Di = Expected Time a = Optimistic Time 

Vi
2 = Variation  m = Realistic Time 

    b = Pessimistic Time 

  

 

 

Item Task Precedences Optimistic Time Realistic Time Pesimistic Time Expected Time sq V

A Voice of Customer 10 15 20 15.0 2.777778

B Design Matrix 1 2 4 2.2 0.25

C Concept Design A,B 5 8 10 7.8 0.694444

D Current product review C 1 2 3 2.0 0.111111

E Components review C 1 2 3 2.0 0.111111

F Possible Modifications D 2 4 5 3.8 0.25

G Components required F 1 2 3 2.0 0.111111

H Prototype Design F 8 12 15 11.8 1.361111

I Contact Suppliers E 2 5 7 4.8 0.694444

J Suppliers selection I 1 2 3 2.0 0.111111

K Prototype Design Adjustments H,J 1 3 7 3.3 1

L Manufacturing Plan K 3 4 6 4.2 0.25

M Technical Drawings L 4 7 11 7.2 1.361111

N Components adquisition M 10 15 20 15.0 2.777778

O Manufacture M 7 10 20 11.2 4.694444

P Assembly N,O 5 7 10 7.2 0.694444

Q Test P 3 7 15 7.7 4



 

 

CPM (Critical Path Method)  

 

Item Proceso PrecedentesTo Tm Tp Te v

A Voice of Customer 10 15 20 15.0 2.777778

B Design Matrix 1 2 4 2.2 0.25

C Concept Design A,B 5 8 10 7.8 0.694444

D Current product review C 1 2 3 2.0 0.111111

E Components review C 1 2 3 2.0 0.111111

F Possible Modifications D 2 4 5 3.8 0.25

G Components required F 1 2 3 2.0 0.111111

H Prototype Design F 8 12 15 11.8 1.361111

I Contact Suppliers E 2 5 7 4.8 0.694444

J Suppliers selection I 1 2 3 2.0 0.111111

K Prototype Design Adjustments H,J 1 3 7 3.3 1

L Manufacturing Plan K 3 4 6 4.2 0.25

M Technical Drawings L 4 7 11 7.2 1.361111

N Components adquisition M 10 15 20 15.0 2.777778

O Manufacture M 7 10 20 11.2 4.694444

P Assembly N,O 5 7 10 7.2 0.694444

Q Test P 3 7 15 7.7 4

Critical Path:

A Voice of Customer 10 15 20 15.0 2.777778

C Concept Design A,B 5 8 10 7.8 0.694444

D Current product review C 1 2 3 2.0 0.111111

F Possible Modifications D 2 4 5 3.8 0.25

H Prototype Design F 8 12 15 11.8 1.361111

K Prototype Design Adjustments H,J 1 3 7 3.3 1

L Manufacturing Plan K 3 4 6 4.2 0.25

M Technical Drawings L 4 7 11 7.2 1.361111

N Components adquisition M 10 15 20 15.0 2.777778

P Assembly N,O 5 7 10 7.2 0.694444

Q Test P 3 7 15 7.7 4

Total Var. 15.27778
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Gantt 
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Did you feel comfortable when using it?
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you think the Arm Support would reduce the 

amount of tiredness in your shoulder?
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