
Organizing and prioritizing user needs 
for upper limb prostheses

Reduction of noise [12, 51, 59]

Low noise level [12, 51, 59]

Too much fuss [12, 51, 59]

Robotic/cyborg [37, 58, 59]

Customisable [56, 58, 59, 69]

Skeletal/uncovered [58, 59]

Anthropomorphism [5, 8, 12, 16, 68, 71]

Colour match [8, 21, 63, 68]

Appearance under clothing [8, 21, 56, 68]

Appearance in combination with clothing [56]

Aesthetics/Cosmesis [1, 3, 4, 5, 16, 37, 38, 40, 41, 42, 49, 51, 52, 58, 59, 62, 69, 70, 72, 73]

More anthropomorphic [12]

Different material for the nails [12]

More natural color (including the nails) [12]

Size [8, 21, 56, 68]

Dimension [53]

Reaction of family to the prosthesis [32]

Reactions from public [13, 32, 67]

Women with regaining a ‘feminine’ body image [16]

Psychological and emotional aspects [69]

Looked more like a human hand [3]

Make it smaller, less bulky, more natural, and skin-colored with fewer externals such as dangling wires and belts [37]

Participants expressing a wish to appear ‘normal’ to others and this often being facilitated by prostheses [16]

More natural appearance (surface materials) [12]

Body language [8, 32, 45, 59]

Charging of device (frequency, duration) [49]

Resistance to moisture, sand or dirt [8, 12, 42, 56, 70]

Dirt proof [56]

Safety [53]

Self-maintenance [40, 56]

User serviceable [8, 45, 49, 70, 73]

Modular system [40]

Long repair times (disadvantages) [70]

Recalibration frequency and time [49]

Easy to clean [8, 13, 53, 56]

The glove material which should be  easier to clean [13]

Device not being cleanable [13]

Cost of prosthesis [8, 32, 48, 56, 58]

Expensive [70]

Users of myoelectrical prosthesis consider too high the cost of the device [43]

Cost of maintenance [8, 56]

Cost of repairs (individual components) [43, 45, 56] 

Too high the cost of the the replacement of gloves and battery as the main maintenance issues [43]

Trial period [56]

Prosthesis training [56]

Education [33]

Compatible with multiple terminal devices [42, 49, 55]

Weight [2, 5, 8, 21,23, 37, 38, 49, 51, 56, 59, 62, 63, 64, 68, 73]

Weight less [3]

Too heavy [4]

Heavy [1, 45, 70]

Mass [40]

Weight distribution [8, 21]

Size and weight: the prosthetic was “heavy and clunky” or “too long and too heavy and awkward” [58]

Need for a light arm with effective mobility of wrist and fingers [12]

Electric prostheses should be lighter [12]

Weight of the terminal device [5]

A desire for ‘a prosthesis with better weight distribution throughout the whole of the limb’ is evident [8]

More invasive attachment strategies such as osseointegration may also provide more natural and integrated weight distribution [21]

Easy to put on and take off [8, 12, 56, 68]

Wearability [56, 68]

Donning/doffing [8, 12, 31, 42, 45, 49, 56, 70]

Need to turn off the hand to put clothes on [70]

Pain-free to wear [31, 68, 73]

Use of the prosthesis varying distances from the body [31]

Heat/Hot [8, 12, 21, 45, 56]

Cold [12, 56]

More efficient ventilation for temperature/perspiration control [8]

Control of temperature/transpiration [12]

The skin on my stump is free of abrasions [68]

The skin on my stump is free of irritations [1, 4, 9, 68]

Chafe [1]

Body balance [41]

Ability to stabilize object [8]

Ability to make small, precise movements [8, 49]

Ability to maneuver in awkward position [8]

Prevention of objects slipping [8, 12, 45]

Adaptability of grip strength [12]

Grasp of big objects [8, 45]

Grasp of large objects [3, 8, 31, 45]

Grasp of small objects [3, 8, 31, 45, 58]

Grasp of heavy objects [8, 31]

Grasp of awkward shapes [8, 12]

Grasp of soft object [8, 31]

Grasping/holding/lifting [45, 69]

Faster movements [5, 8, 12, 21, 27, 37, 49, 50, 56, 70, 73]

Learning/training needed to use [8, 27, 49, 56]

Attention/concentration needed to use [8]

Coordination of multiple joints [3, 8, 31, 37, 43, 49, 56, 71]

Multiple wrist movements and grasp types should be easily selectable [8, 13, 17, 27, 56]

Monitoring the actual number of opening and closing cycles [38]

Wireless device [49]

Multiple control strategies in an individualized prosthetic care pathway [17, 37, 46, 48, 71]

Intuitive control [1, 12, 40, 42, 49, 51, 53, 56, 70]

Fast learning [43]

Good control of the grip force (e.g., not too high an initial grip force) [3, 12, 27, 37, 50, 73]

Prosthesis should automatically continue holding an object once grasped [2, 8, 27, 58, 71, 73]

Grasp Execution Time [27]

Finger control independently [8, 50, 70]

Proportional Control of Force and Speed [27]

Move a single digit of the prosthesis, in particular to operate a computer keyboard [8, 13]

Improve finger alignment [12, 37]

Separate movement of the fingers and thumb [12]

Texture feedback [58, 59, 73]

Slip feedback [73]

Shape feedback [73]

Grip force feedback [13, 27, 40, 43, 59, 73]

Feeling of touch [12, 13, 37, 41, 49, 52, 58, 59, 60, 71, 73]

Position Feedback [27, 37, 40, 43, 50]

Auditory or optical feedback options [13, 27, 41]

Types/shapes of grip [12, 40]

Ability to do daily tasks/ADL [3, 49]

Elbow rotation (humeral rotation)

Wrist movement/control

Wrist with only powered rotation (pro/supination)

Wrist with only up/down motion (flexion/extension)

Passive wrist that can be positioned in anatomical positions

Point with the extended index finger

Ability to move separately the fingers and the thumb

Independent thumb movements

Articulating fingers

Thumb could touch each finger individually

Flexion for some decreased ability to do activities near face

Accessories [56]

Dexterity [8, 21, 52, 56, 59, 69, 70, 73]

Manipulation movements: rotation, slipping, translation, pointing index and pushing coin [43]

Be able to make communicative hand gestures (specifically to “flip the bird”) [13, 59]

Smart prostheses [71]

 

Flattened hand and the centralized grip [8, 21, 27, 37, 40, 41, 43, 48, 70]

Decreased need for compensatory movements [42]

Compensatory movement [49, 56, 68]

Elbow design [37, 50]

Wrist design  [3, 5, 8, 12, 13, 21, 27, 37, 43, 50, 56, 58, 59]

Finger design [3, 12, 13, 40, 41]

Adaptation [31, 33, 37, 43, 44, 73]

Access to service [56]

Information services [56]

Trial period [33, 56]

Therapist for rehabilitation [36, 46]

Battery size [49]

Frequency of battery charging [4, 8, 12, 21, 37, 73]

Short battery life [70]

Operating lifetime [59]

Durability/Utility [2, 8, 23, 33, 49, 51, 52, 56, 59, 73]

Glove durability [1, 3, 8, 12, 13, 21, 68]

More durable material (especially fingers) [12]

Increased resistance of the glove to dirt and chemicals (e.g., nail varnish) [12]

The glove material which should be more resistant to dirt [13] 

 Corrosion resistant [40]

Not suitable for activities with water [70]

More resistant to environmental exposure (especially water/moisture) [8]

More natural size as compared with the size of the natural hand/arm [12, 37, 38, 53, 58, 59, 69]

Current hands are thicker than a human hand [40]

Direct control

Shared control

Multi-Joints control

Comfort and fit (e.g., padding) [5, 8, 12, 21, 23, 25, 49, 51, 54, 56, 63, 68]

Comfort of socket/harness/straps [5, 8, 12, 21, 37, 68]
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of the needs
PRISMA
Preferred Reporting Items for Systematic 
reviews and Meta-Analyses
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Customise your prosthesis!

Artificial 
Hands 

Area

Upper limb amputation leads to severe restrictions in daily activities and psychosocial difficulties, which can dramatically 
reduce the quality of life of affected people.

Idea
To address this gap, we present an initial step in identifying, harmonizing, and prioritizing the needs of people with limb loss. 
Using the PRISMA methodology, we analysed 73 papers on the topic. Using a bottom-up approach, we clustered the needs 
identified in different surveys into categories and macro-categories based on a taxonomy derived from the terms identified 
in the literature. We then prioritized the needs after a normalization of the major surveys. We believe that this work is helping 
to guide the design of more user-friendly prostheses. 
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Application of House of Quality  to the Design 
of Prosthetic Hands

House of Quality
Each room in the diagram represents a step in the methodology for 
building the relationship between customer desires and the engineering 
specifications.

1- Who

2- What

3- Who vs What

4- Now

5- How

6- What vs How

7- How Much

8- How vs How

HoQ

Questionnaire
New Technology

Non-customisable 
needs

Customisable 
needs

Order of 
importance

Technical 
specifications
customisable 

Technical 
specifications

ICF HAAT

Assess the relative importance of each 
customer requirements

RRF MacroCategories

Occurrences Categories

1- Function
2- Cost & Service
3- Reliability

4- Comfort
5- Control
6- Appearance

1- Precision and Stability
2- Robustness
3- Affordable
4- Powerful
  - Operating time
5-  Ergonomy
6- Cost-effective
   - Assistance
7- Durability-Maintenance
8- Feedback
9- Lightweight

Function was identified as the most critical need, 
particularly for grasping precision and stability.  
Cost & Service was another major concern, with 
affordability and assistance being key issues. 
Comfort was driven by ergonomics and weight, 
as users often experience discomfort from heavy 
prostheses and limited mobility.  

Appearance is considered less important than 
functionality. We belive it as a latent need, 
although acknowledged, that will gain more 
significance once the issues related to 
functionality are resolved and it becomes more 
accessible. In this way, appearance can help 
reduce the amputee's shame and 
embarrassment, as well as encourage the 
adoption of the prosthesis, reducing the risk of 
abandonment.

10- Versatility
11- Purchase condition
     - Aesthetically pleasing 
12- Cleanable
13- Usability
14- Anatomically proportionate
15- Easy to wear
16- Thermal comfort
17- Safety
18- Quiet

Moodboard Sport²

Colors

Descrizione:

La cover personalizzata per la protesi di arto 

superiore si ispira al dinamismo del mondo sportivo, 

con un design geometrico caratterizzato da linee di 

diverso spessore. Le linee, di un intenso blu, sono 

interrotte da un taglio netto di arancione scuro, che 

si concentra nella zona del gomito, creando un 

contrasto deciso. 

Very dark blue
#0A1220

Very dark desaturated blue
#28253F

Bright red
#E6332A

Dark cyan
#00A19A
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Background

Comfort

Appearance

Quiet

Aesthetically
pleasing

Anatomically 
proportionate

Appearance

Robustness

Durability
Maintenance

Cleanable
Safety

Reliability

Affordable

Cost-effective

Purchase 
condition

Assistance

Cost & 
Service

Lightweight

Precision and 
stability

Powerful

Operating time

Usability

Versatility

Feedback

Ergonomy

Comfort

Function

Control

palma.design

Address customisable needs by tailoring 
them to each individual user.

i- Through new 3D printing technologies
ii- Through questionnaires that place the 
user at the center of the design process.

User Centered Design

Needs that represent the global population

palma.design

Moodboard Tribal Descrizione:

La cover personalizzata per la protesi di arto 

superiore si ispira ai tatuaggi tribali, con linee curve e 

fluide che richiamano l'arte tradizionale. Il design 

unisce modernità e innovazione, con un tocco 

artigianale. La superficie è semi rigida, offrendo un 

aspetto naturale ma strutturato. I colori neutri, in 

una scala di grigi con un celestino chiaro dai toni 

freddi, dominano il design, mentre il tatuaggio, 

realizzato in nero, si distingue con le sue linee curve. 

L'alluminio satinato è utilizzato per evidenziare le 

diverse superfici, aggiungendo un tocco di 

modernità. Il risultato è una protesi dal forte impatto 

visivo, con uno stile unico e distintivo.

Light grayish yellow
#E2DFCF

Black
#000000

Grayish blue
#92A8B4

Dark grayish yellow
#A3A599
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Sketch Graphics 

Background

palma.design

Moodboard Geometric

Colors

Descrizione:

La cover personalizzata per la protesi di arto 

superiore si ispira al dinamismo del mondo 

geometrico, con un design caratterizzato da 

triangoli che creano un effetto visivo accattivante. 

Lo sfondo marrone sfumato, che si estende dalla 

parte superiore verso il basso, offre un contrasto 

morbido e armonioso. I triangoli, con le loro diverse 

tonalità di grigio, aggiungono profondità e 

movimento al design. La superficie semi morbida 

conferisce un aspetto naturale, dando vita a una 

protesi con un’estetica sofisticata e moderna.

Light grayish orange
#E2C7B5

Black
#000000

Dark desaturated orange
#5B453B

Desaturated dark orange
#977763
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Sketch Graphics 

Background

Temperature feedback [13, 49, 58, 59, 73]
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Thermal comfort

Easy to wear
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