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Prosthetic technology has advanced significantly in recent years, shifting
focus from just mechanical functionality towards improved user experience with
more control potential through modern design and shapes. This study compares
two major approaches to upper-limb prosthetics: myoelectric systems and
experimental osseointegration. Through further analysis, the study discusses
design considerations for improving usability and user adaptation in future
prosthetic development, proposing a tri-digital configuration based on bionics-
inspired design and sustainable material integration
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INTRODUCTION

Control plays a significant role in a person's life, especially regarding bodily
sensations. We often do not realize how familiar and easy everyday tasks are, thus
rarely consider how complex our bodies are in allowing us to perform with maximum
dexterity. Our bodies are literally the most perfect user interface possible.
Previously, prosthetic development focused primarily on functionality, often resulting
in bulky and poorly ergonomic designs. Today, user experience is a key factor, with
customizable movement and improved ergonomics making devices more
comfortable due to modern design, which follows the natural adaptation of bionics.
Transradial amputation involves the hand, which is one of the most complex
structures in the human body.

PURPOSE

The purpose of this research is to compare prosthetic approaches, identify
factors (design, shape, material, texture) affecting usability, and propose an optimal
conceptual configuration for a hand prosthesis.

RESULTS AND DISCUSSION

Basic myoelectric devices are controlled through muscles via Targeted
Muscle Reinnervation (TMR), sending electrical signals to the components
[11[2][3][5]- While offering multiple grip patterns, they do not tolerate water [2]. In
contrast, osseointegration enables limbs to be anchored directly to the bone,
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eliminating sockets [4]. This improves mechanical load transfer and sensory
feedback [5]. As shown in fig. 1, scores regarding physical control improve after one
year [4]. Clinical performance is shown in fig. 2 [4]

Fig. 1. Scores before and after 1 year [4] Fig. 2. The patient performs tasks with
osseointegration [4]

Despite fixation differences, the hand design remains the main challenge.
The design of socket-based prostheses are typically heavier, decreasing comfort
[8]. 3D modeling and additive manufacturing have allowed for affordable options,
such as David Aguilar's LEGO Technic Hand (fig. 3) [9][10].

Fig. 3. David Aguilar's LEGO Technic Hand [10]

Designers explore different configurations (fig. 4) [11]. While currently in the
conceptual design stage, this study identifies specific objectives to define future
models. A three-finger configuration (fig. 5) serves as a compromise [12].

Fig. 4. Concept of a symmetric hand [11] Fig. 5. myGripper H100 [12]

To enhance relevance, we propose a shift toward a customizable industrial
design approach, treating the prosthesis as a "body-architecture"” element. The
design concept (fig. 6) is based on a compact central body that houses the primary
mechanical components and provides protected attachment points for the
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articulated digits. This closed-shell architecture enhances mechanical reliability
while visually presenting the prosthesis as a coherent technological object rather
than an anatomical imitation.

The manufacturing strategy focuses on optimizing weight distribution and
structural efficiency through a combination of advanced materials. A carbon fiber
composite shell is proposed as the primary structural element due to its high
strength-to-weight ratio and lightweight properties. Articulated components such as
digit segments and secondary mechanical elements are envisioned in advanced
3D-printed engineering polymers, enabling modularity and reduced mass. Also for
this purpose the fingertips are hollow.

The resulting configuration balances a reinforced central structure with
lightweight articulated components, supporting both mechanical performance and a
minimalist industrial design aesthetic.

Fig. 6. Design-concept of the tri-digital prosthesis

CONCLUSIONS

Modern design based on bionics improves functionality, and researchers
should explore alternative strategies rather than solely replicating the human hand.
Osseointegration allows more freedom in shape, while myoelectric designs benefit
from optimized tri-digital configurations and sustainable material integration (OPV).
Although in the conceptual stage, these objectives outline a path toward more
ergonomic and autonomous interfaces. Ultimately, it is not the hand that improves
the human, but the human who improves the hand.
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BPAIrA B., MAOAH E.

AHANI3 PI3HUX NIAXOAIB Y MNPOTE3HIX NPOMUCIIOBOCTI

lpome3Ha mexHonozisi 3Ha4YHO MpocyHyrnacsi ereped 3a OcmaHHi POKU,
3Micmuewiu akyeHm 3 rpocmoi MexaHiyHOI ¢byHKUiOHanbHOCMi Ha roKpauweHHs
doceidy kopucmyeaya 3 6inbwuM MOMeHuiarnoM KOHMpPOro 3a80sKU CyYyacHOMY
duzaliHy ma ¢hopmam. Y daHoMy OOCiOXKEeHHI MOPi8HIOIOMbCST 08a OCHOBHI idxodu
00 rpome3yBaHHsI  8EPXHIX  KiHUIBOK:  MIOefieKmpu4yHi  cucmemu  ma
ekcriepumeHmarsHa ocmeoiHmeezpauisi. LLnsxom nodanbuwioeo aHanisy & pobomi
posenadalombcs  acriekmu  MpoeKkmyeaHHsi  Onsi  MOKpauwleHHs1  3py4YHocmi
suKopucmaHHsi ma alanmauii kopucmysayie y malbymHix po3pobkax npomesis,
nponoHyyYu mpunasny (mpudueimarnbsHy) KoHgbigypauito, 3acHogaHy Ha Ou3alHi,
HamxHeHHOMY BiOHIKO, ma iHmezpauito eKos102iyHo cmilKkux Mamepiaris.

Knroyoei cnoea: dusaliH, ¢popma, bioHika, rnpomesysaHHs, ep20HOMIKa,
ocmeoiHmezpaujis, MioefiekKmpuka.
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