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In the cardiac domain, significant strides have been made with 
the development of OBXene patches incorporating MXene-
based low-impedance electrodes (8). These patches 
conformally adhere to the epicardium of the left ventricle and 
have demonstrated real-time spatial mapping of 
electrophysiological activity along with wireless pacing 
capabilities in both rodent and porcine models. Notably, this 
system integrates recording and pacing functions within a 
closed-loop framework, enabling responsive therapeutic 
intervention. Complementing this, a recent 2024 ACS Nano 
review highlights the promise of intrinsically soft 
nanocomposite devices comprising conductive nanoparticles 
dispersed within elastomeric matrices which also exhibit 
excellent conformal attachment to the heart surface and 
facilitate high-quality electrical signal mapping paired with 
feedback stimulation (9).Moving to the brain, the Charles 
Lieber group has pioneered injectable mesh electronics capable 
of being delivered through a minimally invasive 0.1 mm 
needle. Once introduced, these ultraflexible mesh structures 
unfold within brain tissue, permeate the neural matrix, and 
enable stable, chronic neural signal recording over several 
months (10). Crucially, histological analyses reveal an absence 
of chronic immune activation, with no significant astrocyte or 
microglia accumulation, indicating excellent biocompatibility. 
This technology sets a new benchmark for long-term brain-
machine interfaces by allowing multi-year tracking of 
individual neurons without eliciting reactive gliosis, thereby 
preserving native tissue architecture and function. In the 
peripheral nervous system, the electronic dura mater or e-dura 
technology developed by the Lacour group represents a 
landmark soft implant (11).  
 
This system integrates PDMS-based stretchable electrodes 
with fluidic channels to provide combined electrical and 
pharmacological stimulation. When applied in spinal cord 
injury models, e-dura not only maintains mechanical 
integration with host tissue but also facilitates significant 
motor function recovery. Furthermore, a 2024 review in 
Advanced Functional Materials details the emergence of 
multimodal soft implants that combine electrical, optical, and 
fluidic delivery functionalities, enabling selective modulation 
of sensory fibers in nerves such as the sciatic nerve 
highlighting the expanding multifunctionality of soft 
bioelectronics (12). Although still in nascent stages, a well-
cited review on soft hydrogel nanocomposites underscores the 
suitability of hydrogel-based soft sensors for monitoring renal 
blood flow and urine dynamics, attributing their effectiveness 
to key properties such as tissue affinity, injectability, self-
healing, and biodegradability (13).  
 
This review further emphasizes the broad applicability of these 
materials across various electroactive tissues, including the 
heart and peripheral nerves, in addition to renal structures. 
Lastly, hydrogel-based neural stimulation and interface 
technologies have garnered substantial attention for their 
exceptional softness and biocompatibility. For example, a 
study published in Nature Biomedical Engineering 
demonstrated a hydrogel-based microelectronic device capable 
of localized low-voltage neuromodulation without causing 
tissue damage, exemplifying how soft materials can enable 
safe and effective neural therapies (14).Together, these diverse 
demonstrations illustrate that soft-material-based bio-
implantable electronics can be successfully tailored for a wide 
range of organs including the cardiac epicardium, brain cortex, 
peripheral nerves and spinal cord, and renal vasculature 

through various design strategies such as stretchable 
nanocomposites, injectable mesh electronics, hydrogels, and 
fluidic PDMS architectures. These approaches have 
consistently achieved superior tissue compatibility, long-term 
operational stability, multifunctional capabilities, and wireless 
or closed-loop operation. For comprehensive review purposes, 
it is recommended to organize these examples into detailed 
subsections by organ system, systematically summarizing the 
material compositions, implantation techniques, functional 
performances, and biological response evaluations to provide a 
clear and integrated overview of this rapidly advancing field. 
 
Conclusion 
 
Advances in soft, bio-implantable electronics are redefining 
the landscape of healthcare technologies by enabling intimate, 
long-term integration with biological tissues. Through the 
convergence of material science, device engineering, and 
clinical insight, next-generation implants are achieving 
unprecedented levels of mechanical compliance, functional 
stability, and biocompatibility. This review has highlighted the 
clinical motivations driving the need for soft implantables, the 
materials and design strategies underpinning their 
development, and the critical mechanical considerations 
necessary for ensuring their performance in complex 
physiological environments. Despite these promising 
developments, several translational barriers remain, including 
the need for standardized regulatory pathways, scalable and 
reproducible manufacturing processes, and thorough validation 
of long-term biosafety. Addressing these challenges will be 
essential to realize the full clinical potential of bio-implantable 
electronics and to enable their widespread adoption in 
personalized and precision medicine. 
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