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SYSTEMATIC REVIEW REGARDING THE TECHNOLOGICAL 
ADVANCES IN THE WORLD OF PROSTHETICS 

 
REVISIÓN SISTEMÁTICA ACERCA DE LOS AVANCES 
TECNOLÓGICOS EN EL MUNDO DE LAS PRÓTESIS 

ABSTRACT 

The objective of this research was to analyze technological advances in bionic prostheses, comparing their effectiveness with 
that of non-mechanical models and identifying benefits, limitations, and future trends. This systematic review, conducted in 
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, analyzed seven 
studies published between 2020 and 2025. A systematic review methodology based on the PRISMA protocol was employed, 
screening articles from Google Scholar and PubMed using the Rayyan tool, which resulted in the selection of seven recent case 
studies focused on hand, leg, and foot prostheses. The results highlighted the United States of America as the leading country 
in this field of research. Key technologies such as thermal feedback and biomimetic control (EMG) in upper limbs, as well as 
motorized and quasi-passive systems in lower limbs, were examined. Among the main findings were improvements in quality of 
life and functionality, such as the restoration of temperature perception and a more natural gait. However, it was concluded that, 
despite outperforming passive prostheses, the widespread adoption of these technologies remains limited by critical factors 
such as excessive weight, user fatigue, complexity of use, and high computational and economic costs. 

Keywords: bionic prosthetics, electromyography, osseointegration, amputation, signals 

RESUMEN 

El objetivo de esta investigación fue analizar los avances tecnológicos en prótesis biónicas, comparando su eficacia frente a 
modelos no mecánicos e identificando beneficios, limitaciones y tendencias futuras. Esta revisión sistemática, realizada 
conforme a la guía Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA), analizó siete estudios 
publicados entre 2020 y 2025. Se empleó una metodología de revisión sistemática bajo el protocolo PRISMA, filtrando artículos 
de Google Scholar y Pubmed mediante la herramienta Rayyan, lo que resultó en la selección de siete estudios de caso recientes 
enfocados en prótesis de manos, piernas y pies. Los resultados destacaron a Estados Unidos de América como el país líder en 
investigación. Se examinaron tecnologías clave como la retroalimentación térmica y el control biomimético (EMG) en 
extremidades superiores, así como sistemas motorizados y cuasi-pasivos en inferiores. Entre los hallazgos principales se 
observó una mejora en la calidad de vida y funcionalidad, como la recuperación de la percepción de temperatura y una marcha 
más natural. Sin embargo, se concluyó que, a pesar de superar a las prótesis pasivas, la adopción masiva de estas tecnologías 
sigue limitada por factores críticos como el peso excesivo, la fatiga del usuario, la complejidad de uso y los altos costos 
computacionales y económicos. 

Palabras clave: prótesis biónicas, electromiografía, osteointegración, amputación, señales 
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1. Introduction 

For a long time, the idea of artificial limbs controlled by the mind seemed like science fiction. Today, that boundary 
between the human being and technology has become blurred. The development of bionic prostheses is advancing 
at a dizzying pace, with the potential to improve the quality of life of people who lack a limb. A bionic prosthesis is 
not simply a bionic limb; it is a complex mechanical device that integrates with the user's nervous and muscular 
system. This is made possible by advances in technology. These concepts are currently little explored, as they are 
associated with movies and series. For example, they are associated with characters who have mechanical limbs 
whose functioning is equal to or even better than the original limb (Top Doctors, 2021). 

This systematic review aimed to objectively analyze the current frontier of this technology. Specifically, it 
evaluated whether mechanical prostheses demonstrate functional superiority compared to non-mechanical ones. 
In addition, the main countries researching these technologies were identified. Finally, it analyzed how these current 
findings project the future of bionics in improving quality of life. 

For the most part, mechanical prostheses are for external use and do not require surgery; those that do 
require it involve a procedure, such as the man who had six magnets implanted or the cases of amputated feet. All 
of them contribute knowledge to future projects and research for people who may come to need a prosthesis 
(Gherardini et al., 2024; Rogers-Bradley et al., 2024; Stafford et al., 2025). The question is no longer whether we 
can replace a limb, but how close we are to restoring the user's functionality, sensation, and even happiness. 

Hand, leg, and foot prostheses were explored, specifically analyzing seven recent case studies. To meet 
the objectives, this systematic review focused on the collection and comparison of research data, placing special 
emphasis on electromyography (EMG) and osseointegration as key technologies. Throughout the systematic 
review, the unique characteristics of each prosthesis were identified, from renewed thermal sensation to reactive 
foot prostheses, quantifying their specific contribution to the autonomy and quality of life of future users. 

2. METHODOLOGY OF RESEARCH 

Academic search engines (Google Scholar and PubMed) were used to search for documents. In this regard, specific 
phrases were formulated to carry out the search (Table 1). 
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Table 1 
Boolean searches 

Search engine Keywords Results 

Google Scholar "bionic prosthetic" AND adults NOT business plan 55 

PubMed bionic prosthetic AND adults NOT business plan 37 

 

Rayyan was used to remove duplicate articles and those lacking the desired focus. It was decided not to 
include the desired articles that were not accessible. After the filtering process, seven articles with the desired 
information remained. To read the articles, applications that translated the word or the entire paragraph were used 
for the many parts and words that were not understood, in order to comprehend the context and avoid biases. All 
articles were read in Portable Document Format (PDF) to facilitate the work. The most relevant information from 
each article was selected through reading. Every table or figure was created based on the articles.  

3. RESULTS 

Before beginning the analysis, it is important to note the types of prostheses that were analyzed. In total, there were 
seven prostheses: two foot, four arm, and one knee-foot (Figure 1). In this regard, this systematic review showed a 
marked tendency toward the analysis of upper-limb prostheses. This prevalence was not arbitrary; rather, it derived 
directly from the greater amount of scientific evidence and clinical studies identified during the literature search and 
selection process. 

Figure 1 
Type of prosthesis 
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In order to contextualize the global research landscape, a geographic characterization of the included 
publications was carried out. The distribution of the countries of origin of these studies was concentrated in three 
main countries in collaboration with secondary countries. This made it possible to visualize the main hubs of 
technological development (Figure 2). It was possible to observe that the United States of America stood out for its 
presence in bionic prosthesis research.  

Figure 2 
Chart of the percentage of countries 
 

 

 

 
 
 
 

3.1. Upper-limb prostheses 

In the articles related to upper-limb prostheses, it was observed that only one case involved a surgical 
intervention—being a practical case—while the others were external prostheses (Gherardini et al., 2024; Muheim 
et al., 2024; Paskett et al., 2021; Schone et al., 2024). As one of the most notable aspects of this first block, the 
prosthesis that identifies the heat of objects was detected. This provides an improvement in quality of life, being a 
prosthesis that goes beyond simple functionality. Its function is based on a portable system called MiniTouch, which 
provides the user with thermal feedback; this system takes advantage of the phenomenon known as phantom 
thermal sensations, in which thermal stimulation at specific points of the stump produces temperature sensations 
in the phantom hand (missing hand). In some way, it also relieves the pain that people with amputations often 
experience (Table 2).  

Table 2 
Operation of the thermal prosthesis 

Stage Component Process description 

Detection Active Thermal Skin (ATS) sensor on the 
prosthesis. 

The sensor monitors and captures the 
temperature of the objects with which the 
prosthetic hand interacts. 
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Table 2 
Operation of the thermal prosthesis 

Stage Component Process description 

Processing Temperature controller The signal captured by the sensor is received 
and processed to convert it into thermal 
stimulation data. 

Feedback Thermode The controller sends the signal to the 
thermode, placed in direct contact with the 
"phantom point" previously identified on the 
stump. 

Note. Adapted from Muheim et al. (2024). 
 

Finally, the perception the user had functioned with the help of the thermode, which applies a temperature 
corresponding to the contact and due to the phantom phenomenon. In other words, the user perceives this 
stimulation as if they were feeling it in their missing hand (Muheim et al., 2024). What was observed in the biomimetic 
prostheses was that they do not focus on the hardware of the prosthesis; rather, their study is oriented toward the 
control method of bionic prostheses in an advanced hand, and their operation is based on the detection of EMG 
(Table 3). 

Table 3 
Operation of the biomimetic prosthesis 

Stage Component Process description 

Electrode interface Electrode interface An armband with 17 electrodes placed around the forearm 
muscles is used to capture electrical activity. 

Electrode interface EMG channels The electrode configuration provides eight channels of EMG 
signals for analysis. 

Electrode interface Learning algorithm The system trains an algorithm by associating specific 
signal patterns with particular gestures (for example, closing 
the fist). 

Note. Adapted from Schone et al. (2024). 
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The central point of this article was biomimetic control, whose objective was to allow the user to make 
whatever gesture they wish and have the prosthesis repeat it without complications or cognitive delays (Schone et 
al., 2024). Similar to the previous one, the prosthesis was based on an advanced myoelectric control system that 
uses continuous decoders to translate muscle signals. The prosthesis used was the DEKA LUKE Arm (Table 4). 

Table 4 
Operation of the myoelectric prosthesis 

Stage Phase Technical description 

Data acquisition High-density EMG 
sleeves 

A sleeve with 32 channels (higher resolution than the 
eight of the previous model) is used to capture 
surface myoelectric signals. 

Training phase Pattern association The user performs preprogrammed movements so 
that the algorithm learns and correlates their specific 
muscle patterns with the movement intention. 

Processing Continuous 
decoders 

Complex algorithms that, instead of classifying a fixed 
gesture, predict the desired limb position at each instant 
in time. 

Note. Adapted from Paskett et al. (2021). 

 

Once the system has completed its initial training phase, the prosthesis begins to operate dynamically 
through the constant capture of bioelectric signals. The integrated sensors record the user's muscle activation 
patterns in real time (Paskett et al., 2021). Unlike the previous ones, where EMG signals were used, this one uses 
a myokinetic interface. What is interesting about this article is that its operation is based on the detection of the 
physical deformation and displacement of the muscles when they contract (Table 5). 

Table 5 
Operation of the myokinetic prosthesis 

Stage Component/Phenomenon Process description 

Biological 
activation 

Residual muscles The user tries to move the phantom hand, causing a 
contraction and physical deformation of the stump 
muscles. 

Transduction Implanted magnets The six magnets (implanted in three muscles) 
physically shift along with the muscle contraction. 
They require no energy. 
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Detection 
(tracking) 

Transcutaneous magnetic 
localizer (TML) interface 
(Socket) 

The socket contains an array of 140 magnetic 
sensors that track the precise position and 
orientation (third dimension) of each magnet. 

Note. Adapted from Gherardini et al. (2024). 

 

After the training and signal-capture phase, the processing core of the unit comes into play. A 
microcomputer integrated within the structure of the prosthesis analyzes, in milliseconds, the three-dimensional 
displacement of the magnets implanted or embedded in the muscle tissue. This component acts as an intelligent 
bridge: through magnetic-mapping algorithms, it translates the variations in flux and position of the magnets into 
kinematic control commands. By detecting how the muscles contract and expand through the movement of these 
markers, the system generates a high-fidelity motor response. The result is a proportional control that allows the 
user to manipulate the prosthesis with greater agility, transforming physical force into a precise digital signal that 
governs each robotic joint independently (Gherardini et al., 2024). 

3.1.1. Benefits of upper-limb prostheses 

The benefits of these prostheses are divided into three categories: thermal, biomimetic/myoelectric, and 
magnetic. The thermal prosthesis represents a significant advance in sensory restoration, as it allows the user to 
recover temperature perception through the phenomenon of phantom thermal sensations. This mechanism is 
based on the controlled stimulation of specific points of the stump, which the brain interprets as sensations in the 
absent limb. In experimental tests, the user managed to identify cold and hot objects at room temperature with 
100% accuracy, which demonstrates the effectiveness of the system under real conditions. This level of accuracy 
implies practical functionality in everyday life, where the prosthesis acts not only as a mechanical substitute but as 
a sensory device capable of providing real-time information about the environment. In addition, being a non-invasive 
technology, it eliminates risks associated with surgical procedures, such as infections, implant rejection, or 
postoperative complications, which increases the user's safety and acceptance (Muheim et al., 2024). 

In biomimetic/myoelectric prostheses, one of the most notable aspects is the intuitiveness of their use and 
the training process that facilitates the user's adaptation. These prostheses are designed to imitate the natural 
patterns of human movement, which allows for a more fluid interaction between the device and the user's body. 
The biomimetic control system is based on the detection of EMG signals generated by the forearm muscles, which 
are interpreted by machine-learning algorithms that associate each muscle pattern with a specific gesture. This 
association allows the user to perform complex movements with greater naturalness and precision. 
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In addition, the adaptability of the algorithm allows for personalized adjustments that optimize performance 
according to the specific needs of each user. This feature is especially valuable in clinical settings where muscle 
variability among patients can be significant. Together, the combination of biomimetic control, personalized training, 
and intuitive response positions biomimetic prostheses as an advanced and promising solution in the field of 
functional rehabilitation (Paskett et al., 2021; Schone et al., 2024). 

The magnetic prosthesis stands out for its functional performance, as its operation is based on the precise 
detection of muscle movement through implanted magnets. These magnets, surgically placed in residual muscles 
of the stump, physically shift when the user tries to make movements with their missing limb. Muscle contraction 
generates a deformation that causes the displacement of the magnets, which is captured by external magnetic 
sensors integrated into the prosthetic socket. These sensors, organized in a high-resolution array (such as the TML 
with 140 sensors), make it possible to track in real time the three-dimensional position and orientation of each 
magnet. The collected information is processed by a computer integrated into the prosthesis, which translates the 
muscle-movement patterns into precise commands to execute functional gestures. 

This type of myokinetic interface represents a significant innovation in prosthesis control, as it does not 
depend on superficial electrical signals such as EMG, but rather on the internal mechanics of the muscle, which 
allows for greater fidelity in interpreting movement. In addition, since the magnetic sensors require no energy, the 
risk of electrical failures is reduced and the safety of the system is improved. However, its invasive nature limits its 
applicability, as it requires specialized surgical procedures and clinical follow-up. Despite this, the results obtained 
in recent studies demonstrate a high degree of precision and naturalness in movements, which positions this 
technology as one of the most promising in the field of bionic prostheses (Table 6). 

Table 6 
Benefits of upper-limb prostheses 

Thermal Biomimetic Magnetic 

Thermal sensation Intuitive Functional performance 

Real-world functionality Algorithm adaptable to 
movements 

Better motor coordination 

Non-invasive Non-invasive Wireless interface 

Note. Adapted from Gherardini et al. (2024); Muheim et al. (2024); Paskett et al. (2021); and Schone et al. 
(2024). 
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3.1.2. Limitations of upper-limb prostheses 

Despite the technological advances observed in thermal, biomimetic/myoelectric, and magnetic 
prostheses, there are various limitations that must be considered. In the case of thermal prostheses, their 
effectiveness depends on the correct identification of the phantom points. This can vary among users and require 
specialized clinical tests, in addition to the slowness and limited dexterity that characterize them; even the most 
advanced bionic prostheses of today are slow, with response delays, and they operate in only a few degrees of 
freedom. The weight and the fatigue it causes are enough to make users want to take off the heavy prosthesis at 
the end of the session. The sensory feedback is deficient with regard to multisensory information, such as the 
texture of objects. The size of the controller and of the heat-extraction module is quite large. The thermal feedback 
works at only one point (Muheim et al., 2024). 

The limitations of the biomimetic and myoelectric prostheses, like the thermal prosthesis and any current 
prosthesis, are the slowness and limited dexterity experienced with them. The EMG systems, which are surface 
electrodes, do not take advantage of all the information from the nerves and secondary muscles. Their operation is 
considered rigid because they are limited to a predetermined number of movements and grip types. There is noise 
that cannot be filtered by the technology used in EMG systems. The computational cost goes hand in hand with 
what was mentioned above, since these systems are expensive. The most significant limitations are not the 
prosthesis itself, but the user's habits and familiarity with it (Paskett et al., 2021; Schone et al., 2024). 

The myokinetic prosthesis presents several critical limitations. First, movement of the elbow 
(flexion/extension) displaces the implanted magnets, altering the magnetic signals and reducing control precision, 
especially with large movements. Dynamic compensation or additional sensors are required to mitigate this. 
Second, the rigid socket causes the physical folding of the residual muscle during elbow flexion, deforming the 
stump and the magnets, which generates inconsistency in the signals. This was so severe that one muscle stopped 
being a source of control. Third, there is a lack of stability between donnings. The slight variation in the relative 
position of the socket, sensors, and magnets forces the system to be recalibrated or retrained before each use, 
which limits practicality. Finally, surgical and candidate-selection problems were identified: in one patient, the 
magnets were placed superficially (under the fascia), reducing their stability and displacement. In addition, the 
system is only optimal for patients with recent amputations, non-atrophied muscles, and long stumps, significantly 
restricting its clinical applicability (Table 7). 
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Table 7 
Limitations of upper-limb prostheses 

Thermal Biomimetic Magnetic 

Multisensory feedback EMG signals Noise and artifacts 

Phantom points  Computational cost Calibration 

Heavy weight Heavy weight Surgery 

Note. Adapted from Gherardini et al. (2024); Muheim et al. (2024); Paskett et al. (2021); and Schone et al. 
(2024). 

 

3.2. Lower-limb prostheses  

The lower-limb prosthesis from article three was based on a motorized robotic system in both the knee 
and the ankle to restore the movement of these joints. Unlike a passive prosthesis, this one uses motors and a 
computerized controller (Table 8). 

Table 8 
Operation of the motorized knee-ankle prosthesis  

Stage Component/Input Process description 

Monitoring Sensor array The system continuously measures physical variables: 
position, angular velocity, motor currents, force (torque), 
and terrain inclination. 

Processing Computerized controller The brain of the prosthesis analyzes the data to identify 
the movement intention and calculate the necessary 
power. 

Mode selection Control logic/Key fob Automatic: Detects state changes (walking/sitting) 
through axial load or angle. 
Manual: The user uses a remote control (key fob) for 
complex tasks (stairs/ramps). 

Note. Adapted from Simon et al. (2023). 
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The prosthesis performs a dynamic actuation on the contact surface, marking a difference from passive 
devices. Whereas a passive prosthesis merely absorbs impacts inertly, in this system the servomotors generate an 
active and programmed force designed to biomechanically assist the user in each phase of movement. 

This motorized propulsion capability makes it possible to inject energy into the gait cycle, providing the 
impulse needed to move forward with less metabolic effort. Conversely, a controlled resistance torque is applied to 
brake safely during a descent on a slope. Thanks to this reactive response, the device not only replaces a missing 
limb but also emulates the behavior of biological muscles and tendons, giving the individual back the ability to walk 
fluidly, climb stairs with power, and maintain stable balance in the face of irregular terrain (Simon et al., 2023). 

We continue with the quasi-passive ankle prosthesis; unlike a fully motorized prosthesis, it does not add 
net energy while walking, but it is also not a simple passive prosthesis with fixed stiffness. Its objective is to imitate 
the biological ankle, which naturally becomes stiffer as we walk faster (Table 9). 

Table 9 
Operation of the quasi-passive prosthesis 

State/component Mechanical action Physical result (Stiffness) 

Core of the system Carbon-fiber leaf springs Multiple layers stacked in parallel 
that act as the main spring. 

Control adjustment Linear actuators The microprocessor orders the 
actuators to restrict or release the 
sliding between the layers. 

Mode Mode change Rigid, soft, or dynamic  

Note. Adapted from Rogers-Bradley et al. (2024). 
 

In this mode, the stiffness can be adjusted, and it has three modes: rigid, soft, and intermediate. The first 
is carried out when the actuators lock all the layers together, so they cannot slide against each other. They act as 
a single thick block, resulting in maximum stiffness. The second occurs when the actuators release the layers, so 
they can slide freely over one another. This allows the prosthesis to bend much more with the same amount of 
force, resulting in the lowest stiffness. Finally, the intermediate modes are executed when some layers are locked 
and others are left free; the prosthesis can achieve 32 discrete stiffness states (Rogers-Bradley et al., 2024). Similar 
to the arms that need EMG signals to function, the Open Source Leg (OSL) V1 ankle is a motorized ankle that reads 
the muscle signals from the stump in the foot (Table 10). 
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Table 10 
Operation of the myoelectric foot prosthesis 

Stage Component/Variable Technical description 

Input Residual gastrocnemius muscle This specific stump muscle is chosen because after 
transtibial amputation it usually retains good mass and 
contractile capacity. 

Acquisition EMG electrodes Surface sensors capture the electrical potentials 
generated when the user voluntarily contracts the calf. 

Processing Proportional mapping algorithm The system translates the signal intensity:  
Mild contraction: Small/slow movement. 

Strong contraction: Large/fast movement. 

Note. Adapted from Stafford et al. (2025). 
 

Finally, when the prosthesis enters a resting state defined by myoelectric activity below the baseline 
activation threshold, the system does not deactivate or lose stiffness. Instead, the controller activates an automatic 
pre-positioning mechanism in slight dorsiflexion. This configuration prevents toe drag and optimizes the transition 
to the next phase of the gait cycle, ensuring that the actuator is ready for an immediate response to any state 
change detected by the inertial sensors (Stafford et al., 2025). 

3.2.1. Benefits of lower-limb prostheses  

The benefit of the motorized knee-and-ankle prosthesis is that it can detail the restoration of the functional 
ability to climb stairs; the technology used gave the user the possibility of going up and down stairs alternating the 
feet, a method that cannot be performed with a passive prosthesis. In addition, it improves performance on ramps, 
as improvements were shown during descent, with a slightly faster speed and a more symmetrical posture and 
steps with the help of the motorized prosthesis. The effort perceived by the user was lower from their perspective 
and contrasts with their dissatisfaction with the passive prosthesis (Simon et al., 2023). 

The benefits of the quasi-passive ankle-foot prosthesis represent a significant advance by demonstrating 
improvements in the user's gait, approaching the performance of a biological ankle. Its main benefits lie in 
biomechanical optimization, achieving an increase in push-off power of up to 29.9% and a greater energy return 
(up to 35%) compared with passive prostheses. A crucial aspect is the protection it offers to the sound limb, 
reducing the impact force by up to 3.9% and mitigating compensatory effort, which is vital for preventing long-term 
complications such as knee osteoarthritis. In addition, the prosthesis stands out for its biomimicry, since its stiffness 
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adapts dynamically to gait speed, imitating natural behavior, and it has demonstrated exceptional robustness by 
surpassing more than two million test cycles without structural failures (Rogers-Bradley et al., 2024). 

As the last foot prosthesis, the prosthesis driven by myoelectric signals presents several benefits, allowing 
users to proportionally control the angle and stiffness of the joint through myoelectric signals (residual gastrocnemius 
muscle). This control proved to be functional, enabling the participants to successfully complete a real-world 
transition task (stepping up a step). Despite the modest biomechanical differences, subjective preference was 
notably positive: the majority (four out of six) preferred the motorized device for the extra push and the sensation of 
more evenly distributed weight. Mechanically, the prosthesis demonstrated significant power potential (at least 2.5 
W/kg) and contributed to an increase in the positive work of the stump knee, suggesting an active contribution to 
raising the body (Table 11). 

Table 11 
Benefits of lower-limb prostheses 

Motorized Quasi-passive Myoelectric 

Functional restoration Joint health Control feasibility 

Improvement on ramps Biomimicry Sense of assistance 

Less effort Durability Knee work 

Note. Adapted from Simon et al. (2023); Stafford et al. (2025); and Rogers-Bradley et al. (2024). 
 

3.2.2. Limitations of lower-limb prostheses  

Among the limitations, we begin with the motorized knee-and-ankle prosthesis. The main aspect of this 
article is that it was a trial with a 70-year-old man, which complicates everything regarding learning and endurance 
in the tests performed. The weight of the prosthesis is 5.8 kilograms and, compared with the user's passive 
prosthesis of 4.8 kilograms, causes fatigue for the user in the long term. The learning curve and the fatigue during 
the tests and training were demanding for the user, requiring more frequent and prolonged rest breaks due to 
fatigue, which resulted in fewer total training steps per session compared with younger users (Simon et al., 2023). 

Regarding the limitations of the quasi-passive ankle-foot prosthesis: the main physical disadvantage is the 
high weight of the device (945 grams), which is almost double that of a passive control prosthesis (463 grams), an 
inherent disadvantage of quasi-passive systems. Second, the prosthesis did not manage to reduce a key clinical 
objective, since no significant decrease was observed in the external adduction moment (EAM) of the contralateral 
knee, a risk factor for osteoarthritis that the authors hoped to mitigate. In addition, the scope of the study is limited, 
since the participant population was very specific (only men within a particular age and body-mass range) and the 
evaluation was carried out solely on a treadmill at discrete speeds. Finally, there are uncertainties in the adaptation 
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and the analysis due to the potentially unequal adaptation time between prostheses, the short duration of the 
measurements (30 seconds), and an incomplete stiffness model (R² of 0.45) that does not explain almost half of the 
variability in the stiffness selected by speed (Rogers-Bradley et al., 2024). 

The main challenges in using the myoelectric ankle prosthesis lie in the deeply ingrained motor memory of 
the users, which resulted in an underutilization of the available power (1.5 W/kg vs. 2.5 W/kg of capacity). 
Unconsciously, the participants imitated the dynamics of their usual passive devices, nullifying the mechanical 
advantages of the bionic one. Far from reducing effort, the device increased the compensatory physical demand, 
evidenced by greater activity in the quadriceps of the residual leg and an increase in the work done by the hip of 
the intact leg, maintaining a "hip-dominant strategy" instead of relying on the ankle. Consequently, objective 
performance did not improve, with step times and total ankle work similar to those of the passive prosthesis. Finally, 
the usability challenges included the sensation for some users, the critical need for extensive training to reprogram 
movement patterns, and the additional hardware load of 1.4 kg containing the electronics and batteries (Table 12). 

Table 12 
Limitations of lower-limb prostheses 

Motorized Quasi-passive Myoelectric 

Fatigue Test environment External hardware 

Weight Weight Motor memory 

Limited study Limited study No performance improvement 

Note. Adapted from Simon et al. (2023); Stafford et al. (2025); and Rogers-Bradley et al. (2024). 
 

4. DISCUSSION 

Most of the clinical studies presented had an extremely low statistical sample, which makes it impossible to know 
whether the results are applicable to the general amputee population. Studies one, three, and five were conducted 
with a single patient. On the other hand, article seven had six patients and article six had seven patients. This greatly 
complicates matters when trying to bring this to the world; without an adequate sample size, we cannot consider 
the study a success or a failure, because it may or may not work with that sample, but those few participants cannot 
be compared with the millions of amputees (Gherardini et al., 2024; Muheim et al., 2024; Rogers-Bradley et al., 
2024; Simon et al., 2023) 

The limitation of using healthy patients (patients without amputations) posed a major difficulty because it 
eliminates critical factors that affect real amputees, such as muscle atrophy, variability in nerve integrity, phantom 
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limb pain, sweating inside the socket, and stump fatigue. The muscles of a healthy person are intact and easier to 
control than those of a traumatic stump. 

The limitation of the ideal environment: the tests were carried out almost exclusively in controlled settings. 
Article one admitted that the tests were conducted under controlled conditions without considering factors such as 
humidity or variable body temperature. On the other hand, article six evaluated gait on a treadmill at fixed speeds, 
not on real ground, which alters the natural biomechanics. The tasks were often repetitive or artificial, such as 
moving blocks or pegs (articles one, two, and four), instead of unpredictable household tasks. A controlled 
environment is not the same as the unexpected nature of daily life; it cannot reflect the level of everyday chaos, nor 
the multiple situations that can occur and influence the performance of the prosthesis (Muheim et al., 2024; Paskett 
et al., 2021; Rogers-Bradley et al., 2024; Schone et al., 2024). 

The limitation of duration (lack of long-term adaptation): the studies were of short duration, which does not 
allow for observing long-term neuroplasticity or device rejection due to chronic discomfort. In article two, the training 
lasted only four days. In contrast, in article three, the training was only eight hours in total. The researchers of Article 
6 admit that the lack of acclimatization time may have affected the results, since the users did not have enough 
time to learn to optimize the use of the new technology. All of this meant that, given the short time in which the 
studies were carried out, there are many limitations because we do not know how the patients will feel throughout 
the use of the prosthesis, whether the technology used by each prosthesis was truly a success, or whether it was 
only the patient's excitement at trying something new that improves their mobility (Rogers-Bradley et al., 2024; 
Schone et al., 2024; Simon et al., 2023). 

Participants are usually selected under criteria that do not represent the average patient, because patients 
with preexisting medical conditions are rejected due to the multiple complications that their condition may generate 
throughout the study, since it may considerably limit the study's objectives. Article five required candidates with 
non-atrophied muscles, without fibrosis, and a relatively long stump, which excludes a large part of the population 
that has suffered amputations due to vascular causes or serious accidents. Participants are usually active and 
motivated users capable of enduring exhausting test sessions. This may inflate the success results compared with 
a passive or geriatric user (Table 13). 
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Table 13 
General limitations 

Limitation Description of the problem Implications in everyday life 

Biomimetic gap Despite the advanced technology, the 
devices fail to replicate the speed, 
dexterity, or intuitive sensation of the 
natural limb. 

This implies that mobility and use are limited, 
being clumsy and slow. In everyday life, a 
certain fluidity is needed that prostheses still do 
not provide. 

Weight The addition of motors, batteries, and 
sensors makes the devices significantly 
heavier and bulkier than passive options. 

The greater weight means more energy is 
required when using the prosthesis, which can 
cause fatigue more quickly and possible muscle 
pain due to the imbalance.  

Technical 
complexity 

Advanced systems are sensitive to 
interference and environmental changes, 
requiring frequent adjustments that are 
not practical for daily life. 

Temperature changes or unexpected weather 
conditions are a major problem, because 
current prostheses are not prepared for these 
situations, exposing them to damage.  

Cognitive load Controlling these devices often requires 
conscious attention and mental effort, 
unlike natural subconscious movement. 

Having to think in order to use the prosthesis is 
not feasible in everyday life, because the goal is 
to recover mobility and function. 

Cost and 
availability 

The prostheses were studies that are still 
under investigation.  

Aside from the little benefit it would provide in 
everyday life, the high cost and low availability 
do not make it accessible to everyone.  

Note. Adapted from Gherardini et al. (2024); Muheim et al. (2024); Paskett et al. (2021); Rogers-Bradley et al. (2024); 
Schone et al. (2024); Simon et al. (2023); and Stafford et al. (2025). 
 

4.1. Future  

Taking into account all of the above, the advances in prostheses represent a significant contribution to the 
world by improving the quality of life of people with disabilities. The future of this field is promising, driven by research 
and the development of cutting-edge technologies to achieve a more natural and functional integration with the 
human body (Table 14). 

Table 14 
Advances and future 

Prosthesis Advance Future 

Thermal hand 
prosthesis 

Restoration of thermal sensation: It is 
the only one that allows the user to feel 
temperature (cold/heat) in their phantom 

Regaining the sense of touch in the 
prosthesis is a great improvement in quality 
of life; in the future we could have bionic 
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Table 14 
Advances and future 

Prosthesis Advance Future 
hand through thermal stimulation of the 
stump. 

prostheses with the sense of touch, 
forgetting the fact that it is a prosthesis. 

Biomimetic hand 
prosthesis 

Learning comparison (Biomimetic vs. 
Arbitrary): Its focus is not the hardware, 
but demonstrating that learning an 
arbitrary control (unrelated gestures) 
allows for greater generalization than 
imitating biological gestures. 

Being able to control a prosthesis with 
biological gestures is much more 
comfortable than thinking about how to 
move it or issuing a command for it to make 
a certain movement. In the future, there 
would be no need to train the prosthesis to 
perform certain movements, but only to 
remember how it was done with the original 
limb.  

Motorized knee and 
ankle prosthesis 

Reciprocal stair ascent: It allows users 
with limited mobility (Level K2) to climb 
stairs alternating their feet, something 
impossible with their standard passive 
prostheses. 

One of the problems with passive prostheses 
is having to climb stairs, but this prosthesis 
solves this problem. In the future, people 
without this limb will be able to climb stairs 
normally again and have greater control on 
irregular terrain.  

Hand prosthesis 
controlled with 
continuous 
decoders 

Combined and smoothed training: It 
uses advanced algorithms trained with 
simultaneous movements (e.g., 
grasping and turning) and smoothing 
filters to improve precision and reduce 
the dropping of objects. 

Similar to the biomimetic prosthesis, its 
future applications can be used to be able to 
use the prosthesis as soon as possible 
without having to train, and over time it will 
have adapted to the user's needs. 

Myokinetic 
prosthesis 
(magnets) 

Detection of muscle deformation: It is 
the only one that uses magnets 
implanted within the muscles to read 
their physical deformation and control 
the prosthesis wirelessly, instead of 
using electrodes. 

In cases where the tissue is very damaged, 
magnets are a good alternative, using only 
the movements of the muscles that are 
available. It could possibly implement the 
interchange of several prostheses with the 
help of the magnets.  

Variable-stiffness 
ankle prosthesis 
(VSA) 

Adaptation of stiffness to speed: Its 
quasi-passive mechanism physically 
changes the stiffness of the ankle 
through a microprocessor to optimize 
push-off according to gait speed.  

The adaptability of the foot is absolutely 
necessary in the everyday-life environment, 
because you can be calm, but from one 
moment to the next you need to run; with 
the help of this feature, you can be prepared 
at any time. 
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Table 14 
Advances and future 

Prosthesis Advance Future 

Myoelectric ankle 
prosthesis (OSL) 

Direct volitional control: It allows a 
motorized ankle to be controlled using 
direct (proportional) muscle signals to 
perform discrete tasks such as stepping 
up a curb, instead of only walking 
cyclically.  

Like the other prostheses that need muscle 
signals. With the help of the residual 
muscles, they can be used to read the signal 
the user wants to make and react at the 
appropriate time.  

Note. Adapted from Gherardini et al. (2024); Muheim et al. (2024); Paskett et al. (2021); Rogers-Bradley et al. (2024); 
Schone et al. (2024); Simon et al. (2023); and Stafford et al. (2025). 
 

5. CONCLUSION 

Although there are technological advances, today's bionic prostheses are still not good enough. Their movements 
and dexterity are limited and feel artificial. Added to this are usability problems, such as the lack of sensitivity, how 
heavy they are, how little they last, and how complicated they are to handle. In addition, a huge obstacle is their 
incredibly high price, which makes them impossible for most people to afford.  

There is undoubtedly an improvement over passive prostheses, but it is insufficient for everyone to be able 
to switch to them. An important constraint, and one reason prostheses are still not available to everyone, is the 
different abilities and illnesses that people have, which makes the development of bionic prostheses more difficult. 
Their current advances are interesting and novel; they are a good starting point for the next generation of 
prostheses. They will keep improving more and more and developing better and better technology, until we reach 
the point where bionic prostheses are feasible and accessible to everyone.  
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