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Abstract. Peripheral nerve injuries (PNIs) remain a significant clin-
ical challenge, impacting both patients’ quality of life and healthcare
systems globally. This paper examines the individual and societal bur-
dens of PNIs, reviewing current therapeutic strategies, including pharma-
cology, neuromodulation, surgery, and rehabilitation. Despite advance-
ments, these approaches often fail to restore complex nerve functions,
particularly in severe cases. We propose a novel implantable system that
bypasses nerve lesions by recording neural activity proximally, process-
ing the signals externally, and delivering precise stimulation distally. The
system integrates multi-contact cuffs for both sensing and stimulation,
ensuring minimal invasiveness and enhanced safety. We present a detailed
analysis of the system’s signal processing techniques, including noise re-
duction and feature extraction, and its potential for motor and sensory
restoration. Furthermore, we explore the translational path for this tech-
nology, focusing on clinical trials, regulatory approval, and stakeholder
alignment, including patients, clinicians, manufacturers, and payers. This
solution aims to bridge existing gaps in PNI treatment by providing a
functional bypass that restores nerve function while reducing long-term
healthcare costs.

Keywords: Peripheral Nerve Injuries - Implantable Device - Stakeholder
Engagement - Functional Bypass.

1 Introduction

The peripheral nervous system is a crucial component of the human body, re-
sponsible for bidirectional communication between the brain and the rest of
the organism. Through this network, peripheral nerves transmit electrical and
chemical signals that regulate not only movement but also sensory perception,
allowing the body to interact with the surrounding environment. Since these
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structures are among the most delicate and vulnerable, they are particularly
prone to trauma such as crushing, compression, and other forms of physical
damage. These injuries disrupt communication between the brain and target or-
gans, compromising vital motor and sensory functions. When a peripheral nerve
injury (PNI) occurs, caused by various types of trauma, the disruption of signals
between the brain and the body prevents proper motor and sensory function,
severely impairing the patient’s autonomy, Fig. [l Given the significant impact
of PNIs, both on patients’ quality of life and healthcare costs, further research
into these injuries is essential [IJ.
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Fig. 1. Pictorial depiction of PNI showing how nerve damage disrupts the conduction
of signals, impairing motor and somatosensory functions [3].

When nerves are damaged, Wallerian degeneration rapidly degrades the af-
fected part, enabling surviving neurons to regenerate [2]. However, regeneration
is often incomplete, with outcomes depending on factors such as age, injury
severity, and neuronal survival. PNIs have a profound impact on both the phys-
ical and psychological health of patients, impairing motor skills, sensory percep-
tion, and independence, while often leading to anxiety, depression, and social
isolation [45]. At a societal level, prolonged rehabilitation, long-term care, and
reduced work capacity impose substantial economic costs on patients, families,
and healthcare systems [6]. Given all those impacts, advancing treatment re-
quires collaborative efforts among healthcare professionals, patients, caregivers,
policymakers, and manufacturers to develop effective, sustainable solutions that
restore function and quality of life.

This review synthesizes recent advances in diagnosis and treatment of PNIs,
with emphasis on implantable technologies and future translational directions.
Individually, it examines motor and sensory impairments, pain, and psycholog-
ical consequences such as anxiety, depression, and reduced quality of life. Soci-
etally, it considers healthcare utilization, long-term care, productivity losses, and
impacts on labor participation and tax contributions. The study reviews current



Peripheral Nerve Injuries: Impact, Solutions and Innovation 3

diagnostic and therapeutic technologies, focusing on implantable solutions, an-
alyzing their principles, mechanisms, advantages, and limitations. It also maps
the stakeholder landscape—patients, caregivers, clinicians, payers, policymakers,
regulators, manufacturers, and researchers—to identify challenges, innovation
opportunities, and strategies for coordinated action to enhance outcomes and
reduce costs.

The paper is organised as follows: Section 2 examines the physical and psycho-
logical effects of PNIs. Section 3 analyzes the socio-economic burden, including
direct and indirect costs as well as impacts on labor participation and tax contri-
butions. Section 4 reviews current diagnostic and therapeutic solutions. Section
5 focuses on implantable devices, outlining their operating principles, benefits,
and limitations. Finally, Section 6 synthesizes the findings and discusses future
developments, with particular attention to stakeholder perspectives and market
considerations.

2 Individual impact

PNIs can have a profound impact on patients, often leading to persistent and de-
bilitating symptoms. These may include sensations such as tingling, paresthesia
("pins and needles”), and chronic pain. Depending on the severity of the injury,
PNIs can also cause loss of somatosensation and dexterity, and in some cases,
complete paralysis [7]. Such debilitating symptoms can severely affect patients’
ability to perform daily activities and have a long-lasting impact on their overall
well-being.

The most common effects of PNIs are outlined in Table [1| [A/8IQIT0ITT]. These
outcomes underscore the devastating toll of PNIs on patients’ physical, emo-
tional, and psychological well-being, severely diminishing their quality of life
and often leading to long-lasting personal and societal consequences.

Given the profound physical impact of peripheral nerve injuries, they also
give rise to significant psychological challenges, affecting both traumatic and

Table 1. Physical consequences and associated risks in patients affected by PNIs.

Possible PNI effects  |Percentage of affected PNI patients (%)
Loss of sensation 95-100

Muscle weakness/paralysis 80-90

Neuropathic/acute pain 40-70

Autonomic dysfunctions* 5-15

Long-term disability** 25-50

Suicidal ideation 33.3

Suicide Risk 1.7x the general population

* Autonomic manifestations such as abnormal sweating,
gastrointestinal disturbances, and blood pressure alterations.
F*The risk of long-term disability varies greatly according to location,

severity, treatment efficacy, and patient characteristics.
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non-traumatic cases. Patients often experience high levels of anxiety, depression,
and post-traumatic stress, as evidenced by various studies, as shown in Fig. 2 a.

In [I2], a study that followed patients with median and ulnar nerve injuries in
the forearm reported that early post-traumatic stress symptoms were present in
92% of patients at 1 month and 83% at 3 months. Among these patients, 24.6%
and 13.3% met the thresholds for psychological treatment at 1 and 3 months,
respectively.

Similarly, in [13], a database study of 1843 adults undergoing surgery for
brachial plexus injury (BPI) found that preoperative depression and anxiety
were present in 38% and 42% of patients, with new-onset depression and anxiety
occurring within 12 months in 12% and 20%, respectively. Furthermore, the risk
of developing depression and anxiety in patients with PNIs has been quantified
using hazard ratios. Specifically, the hazard ratio for new-onset depression was
found to be 1.3, indicating that patients with PNIs have a 30% higher risk of
developing depression compared to matched controls. Similarly, the hazard ratio
for new-onset anxiety was 2.1, meaning these patients are more than twice as
likely (a 110% increased risk) to develop anxiety compared to the control group.

In [I1], a clinical series of traumatic BPI cases was studied. 19% of patients
met the criteria for Post-Traumatic Stress Disorder (PTSD), 19% for clinical de-
pression, and 33% reported suicidal ideation. Focusing on suicidal ideation, it is
evident that PNIs impose a severe psychological burden on patients. Alarmingly,
33.3% of PNI patients report suicidal ideation, which underscores the extreme
emotional toll these injuries can take. In addition, patients with chronic pain
are more likely to experience co-morbid depression and anxiety, with prevalence
sharply increasing as the Chronic Pain Grade (CPG) worsens [5], as shown in
Fig. 2| b. The psychological impact of PNIs—particularly the risk of suicide—is
as critical as the physical consequences and demands urgent attention.

A study of 246 patients with cubital tunnel syndrome (CTS) [14] reported
that depression and anxiety were found in 17.9% and 14.2% of the cases, respec-
tively, as measured by the Hospital Anxiety and Depression Scale (HADS). The
HADS is a widely used tool for assessing anxiety and depression in patients, con-
sisting of 14 questions that evaluate emotional distress, with separate subscales
for anxiety and depression.

Together, these findings quantify the high burden of PTSD, depression, anxi-
ety, and stress responses in PNI patients, highlighting the urgent need for routine
psychological screening and support alongside surgical and rehabilitative care.

3 Social impact

The social impact of PNIs extends far beyond the physical and psychological
consequences, influencing patients’ ability to work, engage in daily activities,
and maintain financial independence. Given the significant healthcare utilization
and long-term care requirements, it is crucial to quantify the public cost of PNIs,
highlighting the importance of investing in effective treatments to identify more
cost-effective solutions.
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Fig. 2. Psychological burden of PNIs: (a) results of a prospective cohort of forearm
median/ulnar PNIs [5]; (b) CPG correlation with co-morbid depression and anxiety,
normalized to the general population incidence [5].

Across trauma populations worldwide, PNIs disproportionately affect working-
age adults, with a strong male predominance. These injuries are most commonly
caused by sharp trauma and motor vehicle accidents, particularly motorcycle
crashes.

In [], a study from the national Canadian trauma registry reports on 335
cases of PNIs and 64 cases of BPIs. The sex distribution of PNI cases was signif-
icantly male-skewed, with 81% of cases being male and 19% female. These data
provide insight into the gender breakdown of nerve injuries in a contemporary
trauma population, highlighting that PNIs and BPIs predominantly affect men
in early-to-mid adulthood.

Contemporary registry and claims analyses [I5] report cumulative PNT diag-
noses following extremity trauma in ~ 2.3% of cases overall (2.6% upper limb;
1.2% lower limb) in the United States and, in [4] a large Canadian trauma co-
hort (n=24,905), sharp injuries accounted for 39.4% of PNIs while motorcycle
accidents were the leading cause of brachial plexus injury (32.8%). These epi-
demiologic profiles translate into substantial direct medical spending and even
larger productivity losses borne by patients, employers, and public payers.

Direct acute and rehabilitation costs increase with the severity and complex-
ity of the injury. In a nationwide workers’ compensation cohort from Germany
[6], which included 268 cases of upper-extremity PNIs (mean age 39.9 years; 85%
male), mean in-patient reimbursement ranged from €3,418 to €5,360 per case,
depending on the injury’s location (distal to proximal). Additionally, 16% of
patients required inpatient rehabilitation, averaging 41 + 21 days, with €5,842
in extra costs. Sick leave averaged 147 days (range 11-1,109 days), with insur-
ers covering €197 per day (€17,640 per case), and 26% of patients required a
structured return-to-work program (mean duration: 21 days), highlighting the
significant rehabilitation burden.

Procedure-specific studies show a similar cost gradient [I6]: for surgically
treated adult traumatic BPIin the USA, median 1-year direct payments amounted
to $38,816 (IQR $18,209-$72,411), representing only a fraction of the long-term
costs.
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Fig. 3. Socio-economic aspects of PNIs: (a) breakdown of the lifetime cost for a trau-
matic brachial plexus injury in the USA [I8]; (b) gender distribution of patients with
PNIs [4].

In contrast, CTS incur much smaller direct costs. A Monte Carlo analysis in
[17] estimated the mean total societal cost for operative CTS management at
approximately $3,537, with surgery proving more cost-effective than nonopera-
tive care. For patients with chronic nerve pain or injury, the financial burden
is also significant: a cross-sectional USA study found considerable out-of-pocket
expenses, missed workdays, and medical debt among individuals seeking surgery
for chronic peripheral nerve injuries [18].

Indirect costs, including productivity loss and fiscal transfers, represent a
significant portion of the overall economic burden of major PNIs. In particular,
a USA lifetime BPI patient for a 26-year-old male manual laborer (base case)
was estimated to incur substantial short-term and long-term financial losses [19].
These included short-term wage loss of $22,740, long-term wage loss of $737,551,
and disability benefits amounting to $353,671, leading to a mean total indirect
cost of $1,113,962 per patient (median $801,723), as shown in Fig. [3| This high-
lights the significant economic impact on individuals and society, underscoring
the need for effective interventions to reduce long-term costs.

Crucially, this model demonstrated the sensitivity of indirect costs to return-
to-work (RTW) outcomes. By doubling the probability of RTW into lower-paying
employment, the model estimated a reduction in per-patient indirect costs to
$867,987, resulting in savings of approximately $246,000 [19]. From a public
payer perspective, disability transfers represent a significant fiscal expenditure.
The same model attributed $353,671 to disability benefits alone [I9]. Data from
FEuropean insurers similarly reflect persistent public costs: in the German co-
hort, 30% of patients qualified for a work-disability pension, with an average
annual payout of €3,187, leading to a projected lifetime liability of approxi-
mately €102,167 per recipient [6].

Broader social costs from upper-limb trauma—where PNIs are most com-
monly found—are substantial, even when averaged across a range of different
injuries. In [20], a national study, hand and wrist injuries alone accounted for
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$740 million annually, with productivity losses making up 56% of the total costs.
While these studies include various non-nerve injuries, they help contextualize
the societal burden of upper-extremity morbidity. Taken together, contemporary
evidence highlights the following key points:

— PNIs primarily affect men in their most productive years, with the injuries
often resulting from motor vehicle accidents or sharp tools [15/4];

— While direct acute, surgical, and rehabilitation costs are significant, the long-
term impact of productivity loss and disability payments outweighs these
immediate expenses [T9/T6/6];

— Policies and treatments that yield even modest improvements in return-to-
work (RTW) rates can result in large, quantifiable savings—both in terms of
societal costs (hundreds of thousands of dollars per patient for major injuries)
and government budgets through reduced disability transfers [T9J6].

Consequently, timely referral, evidence-based surgical reconstruction, and ac-
cess to rehabilitation and vocational reintegration should be viewed not only as
clinical imperatives, but also as fiscal policy strategies with measurable returns
on investment.

4 Current therapeutic solutions

Given the significant social and economic burden of PNIs, effective therapeutic
strategies are essential not only for improving patient outcomes but also for re-
ducing long-term healthcare costs and productivity losses. Currently, available
solutions span pharmacology, noninvasive and implanted neuromodulation, man-
ual neurodynamics, acupuncture, robotic exoskeletons, and surgery [I]. In this
section, we provide an analysis of each modality, summarizing its mechanism,
historical introduction, efficacy, adverse events (AEs), and innovation status.
Fig. [ illustrates the trade-off between effectiveness and adverse effects for the
existing solutions. In short, safety (low adverse effects) generally opposes efficacy
across PNI solutions, with invasiveness and systemic exposure being the main
drivers of adverse events.

Pharmacological therapies Drug strategies aim to enhance regeneration or
control neuropathic pain. Following the discovery of nerve growth factor (NGF)
and other neurotrophins such as brain-derived neurotrophic factor (BDNF) (mid-
20th century), agents including tacrolimus (FK506; identified for neurite out-
growth in the 1990s) have shown regeneration benefits (e.g., ~12-15% axon-
growth increases and faster reinnervation in preclinical/early studies) [21122].
Clinical translation remains limited: no disease-modifying medication reliably
restores nerve function; efforts now emphasize localized delivery (to mitigate
systemic toxicities like infection risk, nephrotoxicity, seizures) and combination
approaches [21122]. Following the advances of the early 2000s, progress has been
incremental [21122].
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Fig. 4. Efficacy (higher is better) and adverse effects (higher is worse) trade-off, mea-
sured heuristically [1].

Transcutaneous electrical nerve stimulation (TENS) TENS (modern
form late 1960s) delivers cutaneous pulses that activate large afferents and mod-
ulate pain pathways (gate-control and endogenous opioids) [23]. Evidence syn-
theses report modest-to-moderate pain reductions versus placebo with an ex-
cellent safety profile (mainly mild skin irritation); technology matured by the
1970s-1980s with subsequent incremental refinements [23].

Neural mobilization (neurodynamics) Formalized in the 1980s-1990s, nerve
“gliding” seeks to restore excursion, reduce edema/adhesions, and down-modulate
mechanosensitivity. A 2024 systematic review and meta-analysis showed short-

term physiological gains — motor conduction velocity (MCV) 3 m/s and sensory

conduction velocity (SCV) 11 m/s — alongside symptom improvements in en-

trapment neuropathies [24]. AEs are rare; in one randomized clinical trial (RCT),

mobilization had no reported side effects while 3/31 patients on ibuprofen dis-

continued for AEs [25]. Core methods have remained stable since the early 2000s

[24].

Acupuncture for painful diabetic peripheral neuropathy (pDPN) Ap-
plied to neuropathic pain with proposed effects on microcirculation, neurotrophic
signaling, and central neuromodulation, acupuncture has gained supportive ev-
idence: recent reviews/meta-analyses report significant pain reduction and im-
provements in nerve conduction metrics (MCV, SCV) with favorable safety (no
excess serious AEs) [26l28]. The technique is longstanding; contemporary work
focuses on dosing/standardization rather than new procedural paradigms [26]28].

Exoskeletons for motor rehabilitation After early concepts in the 1960s,
clinically used lower-limb robotic exoskeletons emerged circa 2012-2015. In a
2023 randomized controlled trial (RCT) for incomplete spinal cord injury (SCI),
exoskeleton training improved the Walking Index for Spinal Cord Injury II
(WISCI-II) by ~ 3.5 points after 15 sessions versus < 1 in controls, with low
serious-AE rates under supervision [29]. Devices restore task ability (gait prac-
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tice, standing) and second-order benefits (conditioning, mood) but do not bio-
logically repair nerves; innovation since the mid-2010s has been largely iterative
(lighter frames, better control) [29].

Nerve grafting and surgical repair When tension-free neurorrhaphy is not
possible, gaps are bridged with grafts. Decellularized allografts (introduced clin-
ically in the late 2000s) preserve guidance architecture without chronic immuno-
suppression and now approach autograft sensory outcomes for moderate gaps:
~ 87% meaningful sensory recovery (Medical Research Council, MRC, sensory
scale S >3) for < 50 mm, and ~ 69% for 50-70 mm [27]. Donor-site morbidity
limits autografts; typical surgical risks (infection, scarring) apply [27]. Major
innovation plateaued after the adoption of processed allografts; current work
explores adjuncts (bioactive cargos, tissue engineering) [27].

Electrical stimulation and neural interfaces Functional electrical stim-
ulation (FES; in clinical use since the 1960s-1990s) restores task-level func-
tions (e.g., foot-drop correction, grasp) and confers physiological benefits despite
fatigue-limited endurance; AEs are usually local (skin irritation, muscle soreness)
with low serious-event rates for implanted systems [30]. Next-generation periph-
eral nerve interfaces enable bidirectional control and sensory feedback; human
studies demonstrate stable, naturalistic tactile percepts over months—years with
improved manipulation, indicating an active innovation frontier rather than a
plateau [31].

In conclusion, noninvasive modalities (TENS, neural mobilization, acupunc-
ture) offer symptom relief with excellent safety; exoskeletons restore function
at the activity level; surgery (especially processed allografts) improves anatomic
continuity with gap - and context - dependent outcomes; FES provides func-
tional gains; and invasive neural interfaces are rapidly advancing toward finer,
more durable bidirectional control. Most modalities, such as TENS, neural mobi-
lization, and grafting, reached their main innovation plateau between the 1980s
and 2010s, while neural interfaces remain under active development

5 A prospective implanted device

As part of this review, we summarize a representative example of an implantable
bypass concept, illustrating how current research trends may converge toward
future therapeutic solutions. While current therapeutic strategies for PNIs offer
a range of solutions, from pharmacological treatments to advanced surgical inter-
ventions, many of these approaches focus primarily on symptom management or
partial restoration of function. These treatments often fall short of fully restor-
ing the complex functions of the peripheral nervous system, particularly in cases
of severe or chronic injury. As such, there is a growing need for alternative ap-
proaches that not only address the symptoms but also offer more comprehensive,
long-term solutions for nerve regeneration and functional recovery.

In this context, a fully implantable device is proposed as a possible solution.
The proposed system acts as a functional bypass, restoring information flow
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across the impaired peripheral pathway [32]. By capturing neural activity on
one side of the lesion, interpreting it externally thanks data analysis, and rein-
jecting a physiologically meaningful command on the other side. This innovative
approach seeks to bridge the gap between damaged neural circuits and restore
vital functions.

Signal classification

<

Power and
data

Fig. 5. Representative implantable bypass concept (illustrative example).

An example of a potential solution is illustrated in Fig. |5l The implant con-
sists of non-penetrating, multi-contact nerve cuffs placed both proximally and
distally to the lesion [3]. These cuffs gently encircle the nerve, ensuring long-term
mechanical stability and a low-trauma interface for both sensing and stimulation
[33].

Proximally, the cuff records neural activity associated with voluntary move-
ments (efferent flow) or sensory signals traveling toward the brain (afferent flow).
Distally, a similar cuff provides targeted electrical stimulation (neuromodulation)
to recruit the appropriate nerve fibers, while ensuring safety by controlling fac-
tors such as current density, pulse width, and duty cycle. The system uses a
low-power, bidirectional telemetry link to connect the implant to an external
processing unit, which handles computationally demanding tasks, minimizing
heat dissipation and reducing the implant size [3].

The system works as follows [3]: The proximal cuff detects weak neural sig-
nals, typically in the range of 10-50 nV, which are often masked by noise from
surrounding muscle activity and environmental interference. Given the small
signal size, low-impedance electrodes are required for proper signal acquisition.
These signals are processed through analog and digital filtering, reject inter-
ference, and suppress common-mode artifacts, such as motion and stimulation
after-potentials.

The measured signals are characterized by a low signal-to-noise ratio of
around 2 dB and a wide frequency band from 500 Hz and 7 kHz with a energy
peak at about 2 kHz, ensuring minimal overlap with other biological signals. Due
to the complexity and variability of the signal, the external processor performs
signal analysis using advanced techniques as shown in [33435].
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Achieving near real-time classification is essential to ensure physiological re-
sponses remain natural, which makes feature extraction from ENG signals a crit-
ical step. Three main approaches dominate the literature: spike detection, which
isolates action potentials but requires high signal quality [34]; window-based fea-
ture extraction, which characterizes activity in short temporal windows and is
more robust to noisy signals [35]; and hybrid kernel methods, which combine
local spike information with global activity patterns [3]. The latter, often im-
plemented with convolutional or recurrent neural networks, has shown the best
balance between accuracy and robustness.

After the residual neural signal has been classified — i.e., once the intended
movement direction has been identified — the system generates a stimulation
pattern that respects the natural timing and spatial selectivity of neural activity,
ensuring that only the appropriate fibers are activated. The system enforces
charge balance, monitors current compliance, and checks electrode impedance
to detect unsafe conditions, using watchdog logic to silence output in case of
uncertainty or anomalies [32/36I38].

For sensory restoration, the process is reversed: the distal cuff senses sensory
events (e.g., touch or proprioception), the external processor interprets them,
and the proximal cuff delivers the appropriate afferent stimulation to replace
the lost sensory input. Since both acquisition and stimulation occur at each
site, crosstalk between recording and stimulation can arise; to mitigate this,
blanking circuits are commonly implemented to suppress stimulation artifacts
during signal acquisition [32136].

To minimize latency between user intention (decoded motor command), its
execution through stimulation, and the resulting sensory feedback (to give the
sensation of the moviment), computation-heavy tasks are offloaded to a support
external unit. This enables more sophisticated algorithms and remote updates
without increasing the implant’s complexity [37].

Comparable approaches have been demonstrated in recent literature. For
instance, the SenseBack system provides a fully implantable 32-channel bidirec-
tional interface for peripheral nerves, demonstrated in preclinical studies [36]. In
humans, closed-loop sensory feedback via intraneural electrodes in human sub-
jects has restored naturalistic sensations and improved function with lower-limb
prostheses [38]. Together, these technologies outline the translational trajectory
toward functional bypass systems capable of restoring bidirectional communica-
tion after nerve injury [32].

This proposed system represents a promising alternative to current therapies,
offering a more comprehensive approach to treating peripheral nerve injuries. By
bypassing the impaired pathways and restoring functional information flow, it
not only addresses immediate symptoms but also facilitates long-term functional
recovery. The integration of advanced computational processing, minimal inva-
siveness, and wireless communication underscores its potential to significantly
enhance patient outcomes and reduce the overall burden on healthcare systems.
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6 Conclusions

In summary, this review has outlined the multifaceted impact of PNIs and pro-
vided a structured overview of existing diagnostic and therapeutic solutions. By
integrating evidence from clinical, engineering, and socioeconomic perspectives,
it identifies current limitations and emerging opportunities for innovation. To
move from promising therapeutic concepts to real-world impact, PNIs must be
addressed not only at the technical and clinical level but also through coordi-
nated engagement of the wider healthcare ecosystem. After outlining the dual
burden of PNIs, the continuum of current care options, and the potential of a
novel implantable bypass system, it becomes clear that long-term success will
ultimately depend on the alignment of diverse stakeholders, each with each with
varying degrees of interest and influence [39], as illustrated in Fig. @

Patients and caregivers are the primary beneficiaries and risk-bearers: they
balance potential functional recovery and quality-of-life gains against surgical
burden, device maintenance, and the psychological demands of a hybrid im-
planted—external system. Clinicians oversee indication, implantation, program-
ming, and follow-up, so they require clear workflows and seamless integration
with existing practice. Hospital administrators and ethics committees evaluate
operational fit, liability, and governance. Payers and health-technology assess-
ment bodies prioritize cost-effectiveness, equity of access, and evidence quality.
Regulators assess safety, performance, and benefit-risk across pre- and post-
market phases. Manufacturers and suppliers must ensure product quality, re-
silient supply chains, and field serviceability. Standards organizations and cy-
bersecurity experts promote interoperability and secure communication. Re-
searchers depend on ethically governed data and updatable algorithms, while
public agencies, advocacy groups, and investors shape diffusion through fund-
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ing, education, and transparency. Effective adoption hinges on alignment around
a shared value proposition: meaningful, measurable restoration of function de-
livered safely and sustainably.

The analysis of stakeholders highlights that technical innovation alone is in-
sufficient: lasting impact requires coordinated action across patients, clinicians,
institutions, payers, and regulators. PNIs remain a major unmet need, and in-
vesting in solutions that are safe, effective, and economically sustainable is essen-
tial. The proposed implantable bypass exemplifies this potential, but its trans-
lation will depend on rigorous validation and early integration into healthcare
systems. Addressing peripheral nerve injuries requires more than incremental
progress: only sustained investment in translational solutions that unite engi-
neering, medicine, and policy will deliver therapies capable of restoring auton-
omy and reducing the long-term burden on society. Future research should build
upon those investigations through interdisciplinary collaboration and validation
of the most promising approaches in real-world clinical contexts.
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