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ABSTRACT: Worldwide, an estimated 3540 million people require prosthetic or orthotic devices. Prosthetic devices are
categorized as traditional, myoelectric, or Al-powered. Traditional prostheses are most widely used due to affordability and
accessibility, but offer limited functional complexity. Myoelectric prostheses address some limitations by utilizing electromyographic
signals from the residual limb to enable more complex movements; however, they require substantial training and remain
constrained by needing manual mode switching. Al-powered prostheses build on myoelectric systems by applying machine
learning to interpret user intent more accurately, facilitating automatic mode switching and refined control; however, they carry
greater financial and weight-related barriers. Although each type offers advantages and drawbacks, selection ultimately depends
on user preference, social norms, and clinical feasibility. Current literature tends to focus on individual device types, lacking a
holistic, multi-factor comparison to guide informed decision-making. This study addresses that gap by analyzing and comparing
literature across five factors: (i) Control and Comfort; (ii) Adaptability; (iii) Cost and Accessibility; (iv) Emotional Benefits and
Social Preference; and (v) Durability, Robustness, and Simplicity. Overall, AI-powered devices provide the most advanced control
and adaptability, traditional prostheses remain the most durable and accessible, and myoelectric devices occupy an intermediate

position. This paper provides a centralized resource supporting evidence-based prosthesis selection.
KEYWORDS: Biomedical Engineering, Biomedical Devices, Prosthetics, Myoelectric, Artificial Intelligence.

B Introduction

A prosthetic device is any artificial body part that replaces
the function or appearance of missing anatomy.! These devices
are widely used, with over 35-40 million people globally re-
quiring prosthetic or orthotic services. Prosthetic devices can
be broadly divided into two types: traditional and digital. A
traditional prosthesis is usually a mechanical device that uses
physical power from the residual limb to facilitate movement,
replacing a body part that is missing or no longer functional.?
They could be either passive aesthetic restorations or use a har-
ness and cables for tension-based control.’ They stand within
a well-established market and consist of a range of fairly ac-
cessible products. However, due to their antiquated nature and
reliance on organic sources of force, such as the sound limb,
for example,* they have certain shortcomings. These include
limited function, given the lack of electronic components, and
lower comfort levels.” To mitigate these shortcomings, more
developed digital options are arising within the world of bio-
medical research.

Digital prostheses can be divided into two types: myoelec-
tric prostheses or Al-powered ones. Myoelectric prostheses
are externally powered and operate by interpreting electro-
myographic (EMG) signals from muscles in the residual limb
through pairs of electrodes and amplifiers to replicate natural
joint movement.® The user trains their muscles to make cer-
tain movements/contractions that correspond to actions the
prosthetic makes, such as grip changes, opening or closing the

hand, etc.” They require less organic force from the user, and
thus less energy, reducing muscle strain.®

Myoelectric prostheses use electrodes to capture EMG
signals, which can only control one degree of freedom (e.g.,
opening and closing the hand).” To control other functions,
mode switching allows users to change grip types by accurately
producing triggers with their residual limb," which can ac-
tivate other degrees of freedom." This can provide a greater
range of functionality with a limited number of electrodes, but
requires extensive training to employ the technique.

On the other hand, Al-powered digital prostheses refer to
any electrical/mechanical device that uses artificial intelligence
to interpret gathered data on the movements of a user, pro-
ducing more natural prosthetic movement. They often use
recurrent neural networks to allow real-time decoding of nerve
signals for intuitive control, with an accuracy of up to 98% for
individual finger and wrist movements of myoelectric hands.
In contrast to myoelectric prostheses, Al-powered devices
learn from the user’s EMG signal data (strength, location, etc.)
to ensure that the prosthesis can interpret the user’s intend-
ed movement more accurately, thus executing the action with
higher precision.” Digital prostheses mitigate the shortcom-
ings of traditional devices by generating their own force for
movement, having a wider range of more natural, human-like
movement, and learning from the user’s movements to provide
a more comfortable experience.’* However, they lead to addi-
tional constraints related to cost, comfort, and accessibility."”
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Both upper and lower limb prostheses are discussed similarly
in the paper, but distinctions are made where needed. Partic-
ularly in the analysis of digital devices, control discussions are
mainly confined to the upper limb where more precise control
is required (in the fingers in comparison with the toes, for ex-
ample).

Digital solutions are transforming prosthetic care, yet re-
placing traditional prostheses with their digital counterparts
presents limitations. Most of the aforementioned research is
often device-specific; those studies that do offer comparison
often focus on functional differences rather than comprehen-
sively reviewing all factors related to use. This paper addresses
this gap by evaluating traditional, myoelectric, and Al-pow-
ered prostheses across five factors: (i) Control and Comfort;
(i) Adaptability; (iii) Cost and Accessibility; (iv) Emotional
Benefits and Social Preference; and (v) Durability, Robustness,
and Simplicity. The aim is to provide a holistic comparison of
all device types, which can be further developed into a central-
ized repository for prosthesis selection, allowing clinicians and
users to make more informed choices. The findings will also
help identify future research directions where trade-offs, such
as cost and weight, can be mitigated.

B Factors Affecting Prosthesis Choice

Literature was searched to assess the factors affecting
prosthesis choice. Inclusion criteria were as follows: papers
published within the 1990-2026 period, papers published in
English, and papers directly referencing prostheses, myoelec-
tric prostheses, or Al-powered prostheses. Exclusion criteria
were papers older than 1990 and those written in other lan-
guages.

Control and Comfort:

Prosthetic control includes the methods through which a
patient can manipulate their prosthetic device for use in daily
living. Traditional prosthetic devices are typically passive, but
can use body-powered harnesses for control.'® While simple
to do, these movements can be conspicuous and unnatural.’

In contrast, myoelectric prosthetic control is neuromuscular
and uses EMG signals. Surface electrodes are placed over the
residual limb muscles;'® patients contract these muscles, and
the electrodes detect the electrical nerve impulses produced
from this movement, called EMG signals. These EMG sig-
nals are used to generate the action to be carried out within
the prosthesis.”” Further, incorporating Al into prosthetics
allows machine-learning algorithms to interpret and learn
from user data, such as EMG signals, to provide a full range of
motion, easier mode switching, and detailed variation in grip
strength,"*? thus improving control. For example, the random
forest algorithm has been used to classify additional types of
motion beyond the two co-contraction movements typically
required to ‘trigger’ actions in myoelectric prostheses, allowing
higher precision.?

While control is essential for enabling precise, reliable move-
ment, the comfort of a prosthesis is critical to ensure continued
use.” Prosthetic comfort indicates the physical ease or lack of
pain experienced during device operation.

All three prosthetic types use similar custom-fit plastic
sockets to interface between the body and device. Howev-
er, traditional sockets can be uncomfortable if they rely on
body-powered harnesses, which require high input force from
the user.** Myoelectric sockets have surface electrodes that can
feel uncomfortable against the skin and have added weight.
Al-powered sockets have the same structure as myoelectric
ones, but with added weight due to additional sensors, circuits,
and batteries. This often makes digital prostheses heavier than
traditional ones.”

Overall, digital devices offer more advanced control com-
pared to traditional ones by using EMG signaling. Further,
by improving mode switching using machine-learning algo-
rithms, Al-powered prostheses enable higher precision than
myoelectric prostheses.

Adaptability:

Prosthetic adaptability refers to the ability to modify the de-
vice's components and functions to suit the user's needs. High
adaptability enables the prosthesis to feel like an extension of
the body and maximizes functionality.

Traditional prostheses often struggle to mimic natural mo-
tion and may function only in binary states (e.g., prosthetic
hands often rely on a limited open/close function). Therefore,
for different activities, terminal devices (Figure 1) must be
used, which form the end part of a prosthesis that interacts
with the patient’s environment. Their functions vary from ac-
tivity-specific prostheses (such as for biking or push-ups) to
passive restorations that serve only aesthetic purposes.” While
they enhance functionality, frequent removal and replacement

can be tedious and expensive.
.
¢ [ 3

Figure 1: Four examples of terminal devices. (A) Split hook, (B) Adept
Prehensor, (C) CAPP hand, (D) Passive cosmesis. Reproduced from ref 26
under Creative Commons License CC BY 4.0. Copyright 2023 The Authors.
Published by MDPI.>

Myoelectric prostheses can allow users to perform varied
tasks (producing different grip types, opening or closing the
hand, etc.) through mode switching. Users will generate ‘trig-
gers’ by flexing different muscles depending on which action
they want to execute.'™? Furthermore, Al-driven prostheses
use machine learning (ML) to continuously learn and adapt to
a user’s movements over time.?”’ This facilitates more person-
alized and intuitive control, leading to a more natural feel and
improved functionality.”

Traditional prostheses typically require minimal training to
use.30 In contrast, myoelectric control is unintuitive to most
and can require extensive training and calibration; Al-based
prostheses can overcome this issue by allowing signals to be
interpreted more easily over time and progressively ‘learning’
user behavior, enabling more intuitive, fine-grained control.*
Nonetheless, there is still a learning curve involved in the
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training of muscles in the residual limb to control a limb that
is no longer there.

Overall, to vary function, traditional prostheses rely on in-
terchangeable terminal devices, while myoelectric prostheses
use mode switching. Al-powered prostheses use pattern rec-
ognition algorithms to better interpret the user’s EMG signals
over time, improving the precision of mode switching.

Cost and Accessibility:

The cost of a prosthetic device is related to several factors,
including materials, custom fabrication and fitting, technolog-
ical complexity, ongoing research and development (R&D), as
well as clinical services and follow-up care required for proper
fitting, calibration, and training. These high costs can not only
deter patients from prosthetic devices but also create barriers
to access. Since prosthetic use requires specialized services,
which are not available at all hospitals, accessibility is limit-
ed by capacity constraints at hospitals and proximity to clinics
with appropriate resources.’ A hospital visit to get a prosthetic
device prescribed is a financial burden in and of itself.**

A major cost associated with prostheses is direct attachment
to the human body using a personalized prosthetic socket.
The level of personalization required for every prosthetic arm
makes high costs inevitable.*® This raises ethical concerns, es-
pecially as those with socio-economic weakness are found to
have higher rates of lower-limb amputation, a finding that can
be extrapolated to the upper-limb cohort.*

Traditional prostheses, while less expensive than their digital
counterparts, still can cost from $3000 to $10,000, with those
that have more advanced mechanical or hydraulic systems be-
ing priced at $15,000.> However, global insurance coverage for
prostheses remains limited, with many limbs deemed ‘medical-
ly unnecessary,® despite their established role in healthcare.
This has led to only 30% of beneficiaries from 2016 to 2019
receiving a prosthetic limb via Medicare, a US-based, federal
health insurance program.”” Additionally, through legal and
ethical analyses of the reimbursement process in Germany, it
was found that the issue of coverage requires “further empirical
investigation, a stakeholder dialogue, and maybe even policy
changes."

A myoelectric prosthesis may cost between $20,000
and $30,000,* and an Al prosthesis typically costs around
$190,000.* Whilst this study is from 2016, it still serves to
exemplify the large difference in cost for Al-powered devic-
es. Thus, digital prostheses remain far more expensive, often
making them a luxury item rather than an essential medical
device due to their advanced functionality and extensive R&D
requirements. However, there have been recent changes in
Clinical Commissioning Policies in the UK’s National Health
Service (NHS) to support multi-grip myoelectric prosthetic
hands for eligible patients with congenital or acquired upper
limb loss.*

All prosthetic types face ongoing re-purchasing and mainte-
nance costs. In addition, due to growth, children need entirely
new prosthetic devices on a short cadence.* These additional
costs following the initial investment can accumulate, causing

the price of prosthetic maintenance and replacement to be-
come a lifelong burden rather than a one-off purchase.

Emotional Benefits and Social Preference:

Limb loss can be a traumatic experience;38 therefore, the
purpose of a prosthesis is often twofold: functionally replace
the missing limb and emotionally support the patient in re-
covering from their limb loss.* Social reactions from the user’s
environment strongly influence user satisfaction. Both the
emotional benefits and social preference significantly affect
how a prosthesis affects a user's self-image, social interactions,
and quality of life (QOL).%®

One study found that prosthesis use can provide ease of so-
cial interaction and evade forms of infantilization, indicating
that regular use can lead to an amputee feeling self-sufficient.*?
Another study reported numerous positive lifestyle changes
associated with prosthesis use, further evidencing its emotional
benefits.* A study in Saudi Arabia found a positive correlation
between psychological adjustment to the prosthesis and the
physical component summary and mental component summa-
ry of QOL.* Similarly, an international multicenter study of
QOL and reasons for abandonment in upper limb prosthe-
ses produced similar results; the mean QOL (measured using
the EQ-5D) was significantly higher in prosthesis users than
non-users.*

While prosthetic limbs help some ‘blend in’with their social
environment, many prefer to cover or conceal their prosthesis
for social conformity, as found in a study conducted by Mur-
ray.*>* Visible bionic devices can evoke negative reactions
among others, such as a lack of understanding or pity. However,
positive reactions are also common, such as ‘technical fascina-
tion’ or interest. Whilst positive reactions exist, many digital
prosthesis users describe a negative “dual identity” when wear-
ing their device.” Traditional passive prostheses aim to appear
natural and human-like; however, traditional body-powered
prostheses can require more pronounced and, in some cases,
unnatural movement.*’ Therefore, they may not be favored by
users in public environments. In such cases, digital prostheses
can have increased social preference. Advancements in control
technology and algorithms will only increase the ‘natural’ feel
of these devices.*

Overall, while digital devices can provide increased emo-
tional benefits through superior function, their “cyborg”-like
appearance (Figure 2) can lead to rejection. For traditional
prostheses, whilst body-powered prostheses lack functionality
and can require unnatural movement for control, passive resto-
rations can most closely resemble human anatomy.

Figure 2: Digital prostheses can have a “cyborg”-like appearance.®
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Durability, Robustness, and Simplicity :

Prosthetic durability is the ability to withstand wear and
damage during use, while robustness refers to maintaining
good condition over its lifetime. Simplicity refers to how easily
a new user can understand how to use and operate the device.

Traditional prostheses function fairly reliably in outdoor en-
vironments and are less sensitive to water, dirt, and extreme
temperatures.” They are often more durable and rugged, mak-
ing them suitable for users who operate in environments where
their prosthesis may be susceptible to damage. In contrast, due
to their electrical components, digital prostheses, particularly
those with microprocessor control, are highly vulnerable to wet
environments.’!

Digital prostheses have the added complication of charging,
leading to downtime and inconvenience, which is avoided in
traditional prostheses. Therefore, the passive nature of tradi-
tional prostheses makes them more suitable in low-resource
settings, including post-disaster areas, resource-deprived re-
gions, and areas of war.”

Traditional prostheses often excel in simplicity, mostly rely-
ing on straightforward, body-powered movement. In contrast,
digital prostheses require more complex control skills to be
gained through user training. Consequently, digital prosthetic
use may not be viable in social groups with low digital literacy
rates (such as the elderly, young children, or people in disad-
vantaged areas). Even for the digitally literate, the learning
curve associated with developing the skills required to manip-
ulate digital prostheses can still require extensive training.”

Overall, traditional prostheses are less susceptible to damage.
Digital prostheses have the impediment of charging, and their
complexity can limit accessibility for the less technological-
ly literate. However, digital prostheses have several dedicated
training programs available to mitigate this.”**

m Discussion

This study attempted to critically compare the three pros-
thetic types across five user-focused and function-related
factors. The main goal is to establish the key differences be-
tween each of the prosthetic types to provide a reference for
clinicians and users to make more informed choices when se-
lecting a prosthesis. In addition, key future research directions
are covered, with the goal of aligning expectations and areas
for improvement. Each section is summarized in a traffic light
table to make it easy to see the comparisons highlighted in
each section and which prosthetic type is the best in each cat-

egory.

Control and Comfort:

Al-powered prosthetic limbs are typically preferred in terms
of comfort due to their harness-free control, variable grip
strength, and automatic mode switching. In contrast, tradi-
tional prostheses are either body-powered or passive; for the
former, it is difficult to avoid the use of harnesses. However,
advances in custom-fit harnessing and new textile materials
are improving comfort and hygiene in body-powered models.*

As mentioned previously, a key advantage of Al-powered
prostheses over myoelectric ones is the fact that ML classifica-

tion systems eliminate manual mode switching for Al-powered
prostheses, which is far more convenient than their myoelec-
tric counterparts. Challenges exist in developing Al algorithms
for practical use in prostheses. Many factors vary between pa-
tients, such as mobility, muscle contraction force, variations in
limb position, etc. Therefore, solutions that tailor themselves
to patients are required to ensure usability between different
patients.”” Delay remains a major inconvenience for all digital
prostheses, as increased latency can lead to a sluggish user ex-
perience and higher abandonment rates. From this perspective,
one study used high-density electromyography and a convolu-
tional neural network to adapt itself to unique user voluntary
muscle contraction patterns,* leading to a reduced latency of
<116 ms. Such optimization techniques are crucial to ensure
widespread adoption of digital prostheses.

Further evaluation is required of materials and components
in myoelectric and Al-powered digital prostheses, as their
high weight can burden users. Progress includes lightweight
actuators for application in both upper- and lower-body pros-
theses.’®®? The Ossur i-Limb Quantum exemplifies material
innovation for lighter prostheses, using titanium to achieve a
weight of only 658 grams.®

Furthermore, digital prostheses can adapt to muscle signals,
allowing users to perform a wider range of tasks compared
to traditional prostheses, with a more natural and intuitive
feel. However, extensive training is required for patients to
manipulate muscles in the residual limb with such precise con-
trol. Lack of control is a key factor in prosthetic abandonment,
as evidenced by Biddiss and Chau’s study that summarized 25
years of publications, finding that the rejection rate of adult
prostheses was 26% for body-powered and 23% for myoelec-
tric, indicating that myoelectric control can slightly increase
adherence.®*? However, a much smaller, more recent study re-
ported that non-use rates can be higher for myoelectric users
compared to those using traditional prostheses, which is worth
noting. It was found that 44% of 25 users rejected their device,
with most complaining about comfort and weight.® This could
be a consequence of the aforementioned delay caused by EMG
signal processing;* research suggests an optimal delay to be ap-
proximately 100-125 ms.*® Table 1 provides a summary of the
trade-offs between different prosthesis types in terms of con-
trol and comfort. Over the five criteria, Al-powered prostheses
are superior, followed by myoelectric, and finally traditional.
Table 1: Summary of control and comfort: traditional body-powered systems
may require potentially uncomfortable harnesses and offer limited grip-
strength variation and modes. Myoelectric and Al-powered systems eliminate
harnesses and improve control capabilities, with Al enabling fine-grained grip

modulation and automatic mode switching, though both can introduce delays
from EMG processing and may increase device mass.

Control and Comfort

Traditional Myoelectric Al-Powered
Harness can include uncomfortable no harness no harness
harnesses
Mass light moderate heavy
Grip Strength nollimited variation in grip  variation in grip strength  fine-grained variation in grip
strength with training strength without training
required
Delay no delay delays due to EMG delays due to EMG signal
signal processing processing
Modes no modes available/require need to manually switch automatic mode switching
terminal devices modes possible
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Adaptability :

Overall, Al-powered prosthetic limbs have superior adapt-
ability due to their intuitive nature and support through
training programs. Furthermore, machine-learning algorithms
enable automatic mode switching and continuous adaptation
to users’ muscle signals. In contrast, traditional prostheses are
simplistic in terms of versatility and control in daily tasks.
Currently, terminal devices are employed for different activ-
ities; however, switching them out can be tedious. Alternative
adaptability methods for traditional prostheses include a
quick-disconnect wrist unit to allow for faster switching of
terminal devices.®

Furthermore, the development of improved training pro-
grams could help traditional prosthetic users adapt to their
device more effectively. For example, mobile-game-based
prosthetic training methods have already been developed for
myoelectric prostheses,*® improving control and user motiva-
tion. Translating similar game-based or interactive methods
to traditional prostheses could be valuable, as supported by
a study on the effects of targeted training for body-powered
prostheses, which showed improved functional performance
in all users.”” Another example includes a study conduct-
ed on a group of thirty-two able-bodied participants using
body-powered bypass prostheses with an augmented reality
(AR) training game, which helped participants improve their
control and speed.*®

Alongside training improvements, advancements in tradi-
tional prosthetic design are improving adaptability through
modular components. An anatomic study of sixty-five ca-
daveric humeri enabled the creation of a modular prosthesis
system, which allowed users to mix and match components,
creating prostheses that were customizable despite not being
completely bespoke.®” This modular system could extend to
other prosthetic types, facilitating cheaper production by re-
ducing detailed personalization while still maintaining an
element of user-specific tailoring.

Table 2: Summary of adaptability across prosthesis types. As the devices can
adapt to users, improving control over time, Al-powered devices are superior
in adaptability. This is furthered by automatic mode switching, allowing
prostheses to adjust their behavior to user actions automatically, rather than

using manual switching or terminal devices. Reliance on battery life can be
insignificant due to single charges being sufficient for a day’s use.

Adaptability
Traditional Myoelectric Al-Powered
Modes require terminal devices uses manual mode switching uses automatic mode
switching
Adapting to the user over no adaptation over time  calibrated to muscle signals adapt and learn from
time to perform more varied tasks muscle signals over time to

perform more varied tasks

Reliance on Battery Life no batteries required highly reliant on battery life  highly reliant on battery life

Digital prostheses heavily depend on sensors, power, and
battery life, which can pose major safety risks if power fails.
Therefore, some advancement in the battery longevity of
prostheses should be explored to minimize this issue. The
dependence on manufacturers also presents challenges. For
example, if a company goes out of business or stops updating
a prosthetic model, it can lead to a digital limb becoming use-
less.” Planned obsolescence has become increasingly common
in healthcare;” this can be an ethical concern, especially for us-
ers who are not financially capable of affording updates or new

parts. People with disabilities are often already vulnerable to
poverty; therefore, re-purchasing additional parts over time is
often not feasible.® Table 2 provides a summary of the trade-
offs between different prosthesis types in terms of adaptability.
Over the three criteria, Al-powered prostheses are superior,
followed by myoelectric, and finally traditional.

Cost and Accessibility:

Overall, traditional prostheses are the most cost-effec-
tive and accessible, especially in resource-deprived regions.
However, due to persistent insurance reluctance in prosthetic
coverage,’ even traditional prostheses can be financially inac-
cessible for many, making digital alternatives even less feasible.
Thus, the replacement of traditional prostheses with digital
alternatives is largely inhibited by the prohibitive pricing of
the industry. The World Health Organization’s Standards for
Prosthetics and Orthotics has recommended a tiered pricing
model to solve this, tailored to varied needs and country re-
sources.”

New manufacturing methods, such as 3D printing, are be-
ing tested to increase accessibility by significantly reducing
costs. This approach produces designs that can better develop
affinities for users through an iterative design approach.” By
3D scanning the residual limb and importing this data into
CAD software, we can mitigate the need for excessive labor
and allow prosthetists to focus their attention on where it is
truly needed — customization. Additive manufacturing allows
rapid prototyping, allowing for edits and customization to be
carried out more quickly, even possibly at the point of care
within the hospital.”” The combined effects of reduced labor
and improved speed of manufacture can reduce costs. These
methods of manufacture have been applied to myoelectric con-
texts, where the “Mark 5 ™, Mandro” 3D-printed myoelectric
prosthetic hand demonstrated that an affordable, reliable, and
durable design can have a “major social impact on patients.””®

The simplicity of traditional prostheses makes them more
suitable for users with lower competence due to age or other
ability-related factors. Therefore, traditional prostheses often
do not have structured support, and further research should
be conducted into developing structured training programs to
help users adapt to their traditional prostheses, particularly in
terms of proprioception and agility. Some developments have
been made in this area, with studies showing that designat-
ed training programs for traditional prosthetic users can help
improve control and speed.®” Digital prostheses require more
training, but the existence of structured training programs
helps users adapt more effectively to their devices. Further-
more, since Al-powered prostheses learn the user’s behavior
over time,” they could have a less steep learning curve com-
pared to myoelectric prostheses. Game-based and AR training
methods have been proposed to make myoelectric skill devel-
opment more engaging and accessible outside clinical settings,
helping users become accustomed to their less intuitive na-
ture.”b7”’

For those who are technologically illiterate or challenged,
such as the elderly, there is a question of whether developing
the digital literacy required to operate a digital prosthesis, as
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well as enduring the learning curve, is worth the effort. In addi-
tion, low-income countries with lower rates of education often
have lower rates of digital literacy.”® This creates a clear barrier
for digital prostheses; more rugged, simple, traditional prosthe-
ses may be more accessible to the greater population. Table 3
provides a summary of the trade-offs between different pros-
thesis types in terms of cost and accessibility. Over the three
criteria, traditional prostheses are superior, followed by myo-

electric, and finally Al-powered.

Table 3: Summary of cost and accessibility across prosthesis types.
Traditional prostheses are the cheapest option and most commonly adopted.
The moderate learning curve, while not supported by the learning programs
that myoelectric and Al models have, can be easily facilitated by regular use.

Cost and
Accessibility

Traditional Myoelectric Al-Powered
Cost cheapest
Accessibility most accessible

Learning Curve  moderate learning curve, steep learning curve, with moderate learning curve,
without support support with support

more expensive most expensive

less accessible least accessible

Emotional Benefts and Social Preference:

Overall, traditional prostheses offer greater emotional ben-
efits, user social preference, and social conformity; the bionic
nature of digital options can be discomforting, especially in
rural contexts where acceptance of amputation and prosthetic
usage is low.

Users of all types of prostheses experience some level of im-
provement in QOL; however, the “cyborg-like “dual identity”
created by digital prostheses® can be harmful to a person’s
mental state and self-perception. It is, therefore, important
to consider both the positive and unintended negative social
consequences of the augmentation of technology in digital
prostheses” and perhaps biomedical devices as a whole. This
could be changed by making digital prostheses more hu-
man-like, such as adopting human skin tones and texture for
the unit. For example, Ossur’s i-Limb skin match is a silicone
glove that fits over the i-Limb model, which has a very realistic
appearance, concealing the myoelectric prosthesis while main-
taining function.*®

For many users, the ability to conceal their prosthesis is criti-
cal for their social conformity.* This is fairly difficult for digital
prostheses, where their bionic nature is highly visible. However,
for traditional prostheses, their appearance is much simpler to
conceal, especially for passive prostheses, which are intended
to be non-functional but cosmetically identical to a real limb.

The interest or fascination that some outsiders feel when in-
teracting with a digital prosthetic user can have a positive effect
on the user themselves.” While this interest may be prevalent
in Western cultures, the digitization of prosthetics may not be
favored in rural contexts, such as in Africa or South Asia, due
to more traditional beliefs. This is exemplified by a system-
atic review, which noted that cultural barriers, including the
traditional beliefs of Sub-Saharan Africa, hindered the use of
prostheses.®! To ameliorate this, awareness efforts are crucial
for rural populations to educate them about the capabilities
and benefits of digital prostheses and prosthetics as a whole.
This could have some impact in increasing acceptance; howev-
er, aiming to change systemic traditional values and opinions
can be unfeasible.

Incorporating patient perspectives into prosthetic design can
help address social sources of dissatisfaction. Individual choice
is both emotionally beneficial to users and is necessary due
to the individuality of user needs and wants for prosthetics.
Integrating user input into prosthetic design enables the in-
corporation of social factors into Clinical Practice Guidelines,
helping reduce the negative social impacts of prosthetic use.*®
Table 4 provides a summary of the trade-offs between differ-
ent prosthesis types in terms of emotional benefits and social
preference. Over the four criteria, traditional prostheses are
superior, followed by myoelectric and Al-powered prostheses.
Table 4: Summary of emotional benefits and social preference. AI-powered
and myoelectric devices’advanced function lends a higher level of independence
and creates interest among others. However, this fascination may be limited to
Western contexts, where advancement in human body-related technology is

accepted to a greater degree than in others. Additionally, traditional prostheses
can usually be easily concealed to evade stigma.

Emotional Benefits and
Social Preference

Traditional Myoelectric Al-Powered
general improvement general improvement, but  general improvement, but
ir ‘disability-related increased ‘disabili elated

Improvement to QOL feelings of stigma’ feelings of stigma’
Level of independence  moderate to low high high

provided

Ability to conceal high for most traditional  low low
prosthesis prostheses

Technical fascination  low high, but may be limited to very high, but may be

Western contexts limited to Western contexts

Durability, Robustness, and Simplicity:

Myoelectric and Al-powered prostheses have low resistance
to adverse conditions, particularly water, whereas traditional
prostheses are less sensitive to weather and terrain. Research
into water-resistant digital prostheses is ongoing, with a study
developing an EMG sensor that can be used underwater.82
It maintained EMG signal quality above and completely sub-
merged below water, evidencing the potential for less sensitive
digital prostheses in the future.

Furthermore, charging requirements can inconvenience dig-
ital prosthetic users and limit viability in low-resource settings
with scarce electricity. Efforts to reduce the energy require-
ments of prostheses include a study in the context of a powered
prosthetic ankle; using a convex optimization formulation,
they designed the stiffness of series elastic actuators to min-
imize energy consumption.® Table 5 provides a summary of
the trade-offs between different prosthesis types in terms of
durability, robustness, and simplicity. Over the three criteria,
traditional prostheses are superior, followed by myoelectric and
Al-powered.

Table 5: Summary of durability, robustness, and simplicity. Traditional
prostheses’ low complexity and therefore resistance to adverse conditions

allow use in many climates and environments. Their lack of need to charge
maintains simplicity.

Durability, Robustness and

Simplicity
Traditional Myoelectric Al-Powered
Complexity least complex more complex more complex
Resistance to Adverse Conditions high resistance low resistance low resistance
Charging does not require charging  requires charging requires charging

Integrative Perspective:

While the five factors have been discussed separately in this
study, it is important to acknowledge that complex relation-
ships exist among them. Therefore, this section provides an
integrative perspective on these relationships, with the aim of

DOI: 10.36838/IJHSR819.19



ijhighschoolresearch.org

allowing a user to identify which prosthesis is best suited to
their needs.

Training burden affects control, comfort, accessibility and
can cause prosthetic abandonment. Issues can arise when users
transfer between clinics, and training programs are not con-
sistent. Therefore, training programs should be mandatory
(perhaps by government legislation, with potential reimburse-
ment for time and effort) and device-specific (designed by the
prosthetic company itself, thus preventing disruption of conti-
nuity of care).

Furthermore, user preference cannot be determined by pros-
thetic function alone, as all factors interact uniquely for each
patient. User selection should not be limited by clinic-spe-
cific collections of prosthetic devices; users should be able to
self-evaluate their preferences and assess all available options
before selection. There is currently no standardized way to com-
pare all types of prosthetic modes (traditional, myoelectric, and
Al-powered) across economic, functional, and social differenc-
es. Studies such as this one are examples of current solutions to
this issue; however, such papers are not approachable for public
consumption. Therefore, a centralized, patient-facing, online
prosthesis comparison platform (with integrated user opinions,
product specifications, costs, etc.) can be an accessible way for
users to decide which model would be best for their unique
needs.

In addition, Al-powered devices have the hidden cost of
pre-training through calibration systems, as a brand-new
device will not be trained to the specific user. Since the ML
algorithms must adapt to each user, this comes at an additional
cost.

Research trends are directed towards advancing functionality
and control in these devices; however, this innovation can often
increase the cost of devices. Innovation and affordability are
viewed as separate goals in the industry. Future research should
consider whether advanced function can be developed along-
side cost reduction strategies to maximize accessibility.

Accessibility is not only financial but also technological.
Even where funding is available, devices that require charging,
updates, calibration, or high digital literacy may be unsuitable
for some users. A solution could involve adapting training pro-
grams or offering alternate training programs to accommodate
those with lower digital literacy, allowing them to access these
more advanced digital devices.

Overall, from the user’s perspective, considerations for both
upper and lower-limb devices were fairly generalizable to both
— have an agreeable appearance, be accepted socially, and func-
tion well enough to maintain QOL. The considerations are
also mostly generalizable from a clinician’s perspective, but the
design and manufacturing considerations are different, partic-
ularly since lower-limb devices are load-bearing. Prosthetists
would use different methods to make devices comfortable and
functional. Table 6 summarizes all five factors to provide a suc-
cinct summary of this review’s findings and can be used as a
ready reference for selection.

Current research directions revolve around reducing costs
through point-of-care and additive manufacturing; reducing
EMG signal processing delays; considering alternative mate-

rials to improve device weight and cost; standardizing training
programs, ensuring they are adaptable to users of all digital
literacy levels; and improving social acceptance through us-
er-centered prosthetic design 5%’

Table 6: Summary of all five factors. Depending on client choice,
socioeconomic conditions, and clinical settings, appropriate prosthesis types
can be selected. Al-powered prostheses provide the best control and comfort,
and the highest adaptability, but are the heaviest, most complex, battery-
dependent, and least accessible due to cost. Traditional prostheses are most
affordable, robust, simple, and widely accessible but offer the least control,
adaptability,and independence. Myoelectric prostheses stand as an intermediate
by improving function over traditional devices but retaining training burden,
battery reliance, and reduced robustness, despite remaining more accessible
than Al-powered systems.

Cornerstone
| Traditional Myoelectric Al-Powered
Control and | Simple control d d control, but d d control, intuitive and
Comfort supported (through training supported (through training
programs) programs and ML algorithms)
Least comfortable More comfortable Most comfortable
Adaptability | No modes, binary states Manual mode switching Automatic mode switching

Doesn't adapt to user over  Doesn't adapt to user over time  Adapts and learns from muscle

time signals over time to perform more
varied tasks

No reliance on battery life Reliant on battery life Reliant on battery life

Costand |Cheapest Expensive Most expensive

Accessibility

Most accessible Less accessible Least accessible
Moderate learning curve, Steep learning curve, with support Moderate learning curve, with
without support support

Emotional | General improvement to QOL  General improvement to QOL, but General improvement to QOL, but

Benefits and increased ‘disability-related increased ‘disability-related
Social feelings of stigma’ feelings of stigma’
Preference
Moderate to low High independence High independence
independence
Some types are easy to Difficult to conceal in public Difficult to conceal in public

conceal in public, others are
not
No technical fascination High technical fascination, may be

limited to Western contexts

High technical fascination, may be
limited to Western contexts

Durability, |Least complex More complex More complex
Robustness
and
Simplicity
High resistance to adverse Low resistance to adverse Low resistance to adverse
conditions conditions conditions
Doesn’t require charging Requires charging Requires charging
Case Study:

To exemplify the comparisons made in this paper, three flag-
ship devices, one of each prosthetic type, have been identified
and compared across the five factors.

Table 7: The Hosmer 5X Hook, Ottobock Michelangelo Hand, and the

Coapt Complete Control Gen2 systems have been compared across the five
factors highlighted in the paper.

Type Traditional Myoelectric Al-Powered
Product Hosmer 5X Hook Ottobock Michelangelo Hand ~ Coapt Complete Control Gen2 +
Name A compatible prosthetic hand®®
Controland  Body-powered cable/haress  Two electrodes capture Uses two dome electrodes with
Comfort control. contraction of forearm 8 EMG channels. Continuously
muscles.®? adapts to user through ‘Adaptive
Advance ® and ‘Control Coach
@ calibration systems.
Adaptability  Binary state — open or 7 different grips possible Uses a continuous-learning
closed.® through particular finger algorithm, ‘Adaptive Advance ®
alignment and motorized that combines previous and new
thumb.89 calibration data to adapt and
learn to the user’s natural
changes in control over time.
Cost and $679.90 (terminal device) ~$60,000-75,000 (prices not ~$70,000-100,000+ (prices not
Accessibility  only.®! available publicly). Ottobock has available publicly). Uses a
developed accompanying proprietary Al model ‘Control
exercises to train user familiarity Coach ® to analyze user's
prior to data to
use).®? which types of movement will
get the least reliable control.
Then suggests specific
calibration exercises which will
add to existing data to allow for
better control. This supports
user training.
Emotional Fairly concealable. Hook Anatomically mimics hand. Can  Dependent on which compatible
Benefits and  however does not mimic purchase cosmetic, skin-color  hand you select to use with the
Social human anatomy at all. silicone cover to conceal.?? control system.
Preference
Durability, ~ Waterproof up to 1 meter.® Must be protected from dirt and  Sensitive to ‘extreme
Robustness, humidity. Requires charging.2  temperatures’ (<-20°C, >45°C)
and Simplicity and excessive moisture and

dust. Requires charging.
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Limitations:

This study is not without limitations. Firstly, the studies ref-
erenced here are slightly biased towards upper-limb prostheses,
so their findings may not fully apply to lower-limb or mixed
amputation contexts. This is because myoelectric/Al-powered
systems are more prevalent in upper-limb devices. Secondly,
many of the studies are conducted in laboratory settings, and
the findings may not fully translate to the real world. For ex-
ample, cost reductions achieved through specific fabrication
methods could be offset by higher insurance mark-ups and
changing governance, increasing the final selling price to us-
ers. Additionally, prosthesis choice is inevitably controlled by
the individual needs of each user. However, we did not sug-
gest which type of prosthesis may be preferable for different
user groups (e.g., age, time since amputation, amputation type,
user needs). The information in this paper is only presented
as a screening tool and is not intended to replace clinician
decision-making entirely. Factors such as intended function,
age, demographic, etc. should all be taken into account by
the treating clinician. Finally, some of the studies referenced
here are not recent (median value = 2020), and many studies
are conducted in Western contexts. This leads to a bias to-
wards Western populations, which is particularly relevant to
Sec. Emotional Benefits and Social Preference, where attitudes
and beliefs towards prosthetic use differ significantly between
Western contexts and the Global South. Furthermore, more
recent technologies may be underrepresented.

® Conclusion

This paper holistically compared traditional, myoelectric,
and Al-powered prostheses on five different factors, spanning
function, use, economic impact, social impact, and longevity.

The findings of this paper showed the following:

1. Traditional prostheses: These are the cheapest option and
are currently most widely accepted, particularly in rural envi-
ronments. They are most easily adoptable, due to being the
least technically complex and having the strongest durability
against adverse conditions. However, they provide the least in-
dependence.

2. Myoelectric prostheses: Myoelectric prostheses form an in-
termediate ground between the simpler traditional prostheses
and higher-complexity Al-powered ones. They are better than
the former in terms of control but are also more expensive and
less accessible; in comparison to the latter, they have less ad-
vanced control but are more accessible and cheaper.

3. AI-powered prostheses: In comparison to the other pros-
thesis types, they excelled in control and comfort due to their
advanced control algorithms and had superior adaptability due
to their ability to adapt to users. They had some strength in
emotional benefits, mainly due to their advanced function, al-
lowing greater QOL. These devices have the greatest potential
for development, as current research is primarily directed to-
wards their improvement and advancement.

Patients may lean towards traditional prostheses when ac-
cess and costs are a concern, but they prefer myoelectric and
Al-powered ones when control and independence are of

greater concern. Future research should focus on cost-saving
efforts (e.g., greater use of additive manufacturing, on-site
manufacturing, alternate material usage, etc.) to increase ac-
cess; improved insurance and governance policies; optimized
control through Al-driven algorithms; faster EMG signal pro-

cessing; and weight reduction through material choice.
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