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a b s t r a c t

The employment of low-frequency electrical stimulation therapy has been shown to elicit a pronounced

depolarization of neurons, thereby initiating the regenerative signaling cascades within neural cells,

which is favorable for the regeneration of neural cells. In this study, we designed the flexible triboelectric

nanogenerator device (TENG) to treat injury of peripheral nerve, which is combined with mesoporous

silica (H-SiO2), high dielectric performance of polydimethylsiloxane (PDMS), and connected to biocom-

patible and conductive polycaprolactone (PCL) conduit materials for limited power generation to neuro-

bioelectric response adaptation. By adjusting the content of H-SiO2 and the amount of PDMS monomers,

the electrical performance of the device is optimized. Through the charge collection effect of silica molec-

ular sieve, the endogenous neural electric field in nerve injury was stabilized, ensuring the consistency

of the electrical stimulation level that is crucial for maintaining resting membrane potential. In vitro ex-

periments clearly demonstrated that electrical stimulation derived from the triboelectric nanogenerator

significantly promotes cell proliferation. Further animal experiments confirmed that electrical stimula-

tion can effectively treat sciatic nerve injury and accelerate axonal regeneration. Based on experimental

outcomes, we have developed an implantable sciatic nerve system that can stably generate effective elec-

trical pulses in response to rat movement through charge collection. This system regulates the electric

field around the injured sciatic nerve, maintains the electric field threshold required for rapid nerve tis-

sue repair, and accelerates the recovery of nerve function.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Peripheral nerve injury, as a hub for transmitting sensory sig-

nals, once damaged, can bring significant economic and social bur-

dens to patients, families, and society [1]. It is estimated that ap-

proximately 2%–3% of primary trauma patients have peripheral

nerve damage, and 25% of patients are unable to return to work

within 1.5 years after surgery [2,3]. With the continuous improve-

ment of medical technology, various treatment methods for nerve

repair are emerging, but clinical treatment is still not satisfactory.

There is an urgent need for an effective and long-term stimulating

treatment to promote peripheral nerve repair.

The essence of peripheral nerve injury is the degeneration of

Wallerian fibers in the distal nerve stump, leading to the atro-

phy of Schwann cells and the inability to provide axonal regen-

eration. Electrical stimulation therapy, as a treatment method, can

promote the growth and extension of neural processes by stimu-
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lating Schwann cells to secrete nerve growth factors [4–8]. Unlike

physical or chemical interventions, the biological response to elec-

trical stimulation in the nervous system is mediated through bio-

electrical signaling mechanisms, such as intracellular Ca2+ waves

and membrane potential changes, which promote neural growth

[9,10]. Recent studies have demonstrated that electrical stimula-

tion can activate the expression of key receptor proteins, including

tropomyosin receptor kinase B (TrkB) receptor and phosphokinase

A (PKA), and induce the upregulation of neurotrophic factors such

as brain-derived neurotrophic factor (BDNF), nerve growth factor

(NGF), and ciliary neurotrophic factor (CNTF). These factors create

a conducive microenvironment for axonal regeneration, underscor-

ing the potential of electrical stimulation as a therapeutic modality

in neural repair [11–13].

In clinical practice, electrical stimulation is usually used as a

recovery measure during and after surgery. For example, AI-Majed

et al. employed an implantable electrical stimulator to facilitate

the repair of facial neurons and enhance the content of neuronal

cytoskeletal proteins [10]. Their findings indicated that optimal

https://doi.org/10.1016/j.cclet.2025.111087
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repair efficacy was achieved at a stimulation frequency of 20Hz

[14–17]. Furthermore, Gordon et al. applied an electrical stimulator

operating at a frequency of 20Hz to alleviate symptoms associ-

ated with carpal tunnel syndrome and to expedite postoperative

recovery during surgical procedures [18,19]. Although electrical

stimulation is widely recognized for its therapeutic potential in

the treatment of nerve damage, current commercial devices are

hindered by their bulky design and limited cost-effectiveness,

making it difficult to promote them on a large scale [20]. The

emergence of self-powered nerve repair technology, which com-

bines triboelectric nanogenerators with nerve scaffolds, offers a

promising avenue for the development of implantable and flexible

devices. For instance, devices made from triboelectric materials

can generate electrical signals through mechanical vibrations,

thereby altering neuronal membrane potentials, activating voltage-

gated Ca2+ channels, and upregulating gene expression related

to repair [21]. These actions collectively enhance cytoskeletal

assembly, stimulate axonal sprouting, initiate cellular regenera-

tion mechanisms, and ultimately promote axonal growth [22].

Although self-powered devices can provide a certain voltage to

promote nerve cell growth, the placement of self-powered devices

and variations in external motion patterns and forces make it

difficult to provide a long-term stable power supply, resulting

in irregular local discharge and an inability to provide a stable

endogenous electric field for nerve tissue repair [23]. Therefore,

how to maintain the stability of the voltage field strength in nerve

tissue injury through engineering methods is one of the current

research directions for self-powered devices [24–26].

Here, we present a triboelectric nanogenerator (TENG) de-

vice fabricated from mesoporous H-SiO2 and polydimethylsilox-

ane (PDMS) monomers. Leveraging the intrinsic contact electrifi-

cation properties of PDMS and metals, the charge density of the

material can be rapidly enhanced. Concurrently, under conditions

of high charge density and significant charge concentration gradi-

ents, charges that diffuse internally are captured and maintained

by the H-SiO2, thereby increasing the overall charge density of

the triboelectric nanogenerator. The device, when integrated with

a conductive polycaprolactone film embedded with silver nanopar-

ticles (PCL-Ag), constitutes a self-powered neural scaffold capable

of establishing a short-time stable electric field at the injury site.

This novel configuration was employed to enhance the prolifera-

tion of PC12 nerve cells through mechanical stimulation, indica-

tive of its potential to foster neural regeneration. The embedded

and uniformly dispersed silica molecular sieve effectively collected

the charge, maintain the stability of the voltage field strength in

nerve tissue injury. Furthermore, when the device was implanted

into rats, it leveraged the mechanical vibrations generated by the

animals’ natural movement to produce electrical current, thereby

stimulating sciatic nerve repair. Our findings demonstrate that this

integrated device is effective in facilitating the regeneration of the

sciatic nerve, highlighting its innovative application in the field of

neural engineering.

The preparation methods for H-SiO2 nanoparticles and the

triboelectric nanogenerator (TENG) device, as well as their

physicochemical property characterizations are provided in the

supporting information. Additionally, the in vitro and in vivo

tests, including biocompatibility assays, nerve cell proliferation

promotion experiments, and sciatic nerve repair experiments in

animals, are documented in the supporting literature. Detailed

experimental procedures for these tests are also supplied in the

supporting information.

In the present investigation, we have enhanced the efficacy of

TENG for applications within biological tissues. This was achieved

by meticulously adjusting the voltage output generated by PDMS,

facilitated by the incorporation of a specific ratio of mesoporous

silica. The optimization of this composite material’s formulation

Fig. 1. (a) The schematic of triboelectric nanogenerator preparation, Tetraethyl or-

thosilicate was transformed into mesoporous silicon dioxide (H-SiO2) through a

template-assisted calcination process. Following this, a film was deposited via a ro-

tary coating technique, and the components were subsequently integrated to fabri-

cate a triboelectric nanogenerator. (b) The principles of electric signal generation of

triboelectric nanogenerator, in the process of contact and separation.

has resulted in a controlled modulation of the triboelectric effect,

thereby augmenting the performance of the nanogenerators in har-

nessing mechanical energy from biological systems. As an excellent

energy storage material, mesoporous silicon has been applied in

energy storage and drug loading. For triboelectric nanogenerator,

surface triboelectric changes easily dissipate in the air, especially

after contact electrification ceases. Here, we propose the using of

equidistributional mesoporous SiO2 with a large specific surface

area as effective bulk charge storage sites within PDMS to enhance

the output performance of the TENG.

Fig. 1a shows simply that the process of the design device,

which is divided into three steps. First, we synthesized mesoporous

H-SiO2 with numerous oxygen-containing functional groups on

its surface through calcination and oxidation treatment. Then

the PDMS dielectric film with mesoporous H-SiO2 is prepared by

spinning-coating on a glass slide after mixing PDMS and H-SiO2

particles. Finally, assemble it into a TENG device. Besides, in Fig. 1a,

we also presented the internal structure diagram of the device.

The polyimide tapes (PI) acts as insulation and protect the internal

PDMS hybrid film. As charge transfer layers, the second layer

and the fourth layer can realize free charge transfer and generate

current; The PDMS&H-SiO2 acts dielectric layer and separate with

aluminum foil to transfer charge. Finally, combining the above

layers.

Fig. 1b schematically illustrates the operational mechanism of

the device, encompassing the processes of contact, separation,

charge redistribution, and charge transformation. In the absence

of contact between the two materials, no charge transfer occurs

[27,28]. Upon the application of an external force to the TENG,

the PDMS film comes into contact with the aluminum foil. At this

juncture, due to PDMS’s electron affinity, electrons are transferred

from the aluminum foil to the PDMS surface, resulting in the con-

ductive fabric acquiring a positive charge and the PDMS a neg-

ative charge. Concurrently, a portion of the charge generated by

the PDMS is stored within the mesoporous silicon, augmenting the

charge carried by the PDMS film and increasing the potential dif-

ference between the PDMS film and the metal. To maintain electri-

cal neutrality, charge transfer occurs via an external wire, manifest-

ing as a voltage signal on the voltmeter. Upon the removal of the

external force, the PDMS film separates from the aluminum foil,
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Fig. 2. Characterization of the properties of synthesized mesoporous H-SiO2 and

composite film. (a) The SEM of microporous H-SiO2 nanoparticle. Scale bar: 10 μm.

(b) The FT-IR of microporous H-SiO2. (c) The pore size distribution and the adsorp-

tion isotherm curve of microporous H-SiO2. (d) The output voltage of the PDMS

with different monomer ratios. (e) The output voltage of the PDMS with different

H-SiO2 ratios. (f) The stress-strain curves of mixing with different H-SiO2 ratios. (g)

The SEM of mixing H-SiO2 and PDMS. Scale bar: 2 μm. (h) The cyclic Voltammo-

gram of pure PDMS and T-Si0.05 test in the three-electrode system. (i) The cycle-life

of T-Si0.05 (F=1 N).

disrupting the previous electrical neutrality. To reestablish charge

balance, negative charges are transferred from the external circuit’s

aluminum foil to the PDMS film, once again registering a volt-

age signal on the voltmeter. Since a portion of the charge remains

within the mesoporous silicon, the TENG continues to discharge

and sustains the local voltage even after separation.

As shown in Fig. 2a, the morphology of the mesoporous H-

SiO2 demonstrates a cylindrical porous structure. We speculated

that its pores grew along the Z-axis, indicating that the templates

(Pluronic P123) were arranged in an orderly manner in the syn-

thesis process, and tetraethyl orthosilicate gradually surrounded it

until completely wrapped. Then, the internal template was contin-

uously degraded through high-temperature calcination resulted to

mesoporous silica material. The large specific surface area of meso-

porous H-SiO2 can better combine with PDMS monomers, which

is conducive to further improving the overall mechanical strength

of the membrane. Further, the functional groups of mesoporous

H-SiO2 with hydroxyl are explored by Fourier transform infrared

spectrometer (FT-IR), as shown in Fig. 2b. The peaks correspond-

ing to the symmetrical stretching vibration of the Si-O and asym-

metric Si-O-Si stretching appeared at 798 and 1087 cm−1 [29,30].

The peaks at 3441, 984 and 1603 cm−1 were characteristic of the

stretch vibration of the -OH bending in H2O, Si-OH bending vibra-

tion and -OH bending. These results indicate that the as-prepared

particle is microporous H-SiO2 with many hydroxyl groups [31,32].

Fig. 2c shows the result of the H-SiO2 pore size distribution. The

H-SiO2 sample presented a specific surface area of 482.286 m2/g

and an average pore size of 3.96nm. The result of the N2 adsorp-

tion/desorption isotherms was presented in the built-in small in

Fig. 2c. H-SiO2 had an appearance of type IV isotherm referred by

classification of Brunauer-Emmett-Teller (BET) and exhibits a clear

H3 hysteresis loop, which illustrates the presence of a mesoporous

structure with huge specific surface area.

In addition, we found during the testing process that the elec-

trical properties of PDMS composite films are related to monomers

and curing agents. Here we select different ratios of monomers and

curing agents to test their output voltage. Fig. 2d shows the rela-

tionship between voltage and different ratios of curing agents and

monomers. When the ratio of curing agent to monomer is 1:10

with the applied 40N, we can see that it has the highest voltage

output about 1.6V, which illustrated the sensitivity of sensors is

highest at this ratio. There may be a certain optimal value for the

curing agent and monomer ratio to obtain highest voltage output.

In PDMS film, the excessive monomer content leads to increase

viscosity of film viscidity, which in turn reduces

The membrane’s resilience and voltage output. But with the

curing agent increasing, the output voltage also is decrease. Al-

though the negative surface charge formed by PDMS is not related

to its monomer and curing agent, it is related to its friction perfor-

mance and flexibility [33–35]. Therefore, we chose a PDMS mem-

brane with a curing agent and monomer ratio of 1:10 as the object

of our further research. After determining the ratio of monomers

and curing agents, we added H-SiO2 with different contents to ob-

serve the morphology of the material and test its physical proper-

ties.

We prepared PDMS film with different H-SiO2 content to test

voltage output under a force of 40N (T-SiX where X represents

the content of mesoporous silica), as shown in Fig. 2e. It can be

seen that under the same force, the output voltage has a maximum

value about 8V. When the content of mesoporous silicon increases

to 0.2 g, the output potential difference is only about 4V. The rea-

son for this phenomenon may be that the suitable H-SiO2 can in-

crease the triboelectric characteristics of PDMS film. The scholarly

literature has highlighted that mesoporous H-SiO2, characterized

by its substantial specific surface area, functions as an efficient

charge reservoir within triboelectric nanogenerator is attributed to

its capacity to harbor a greater number of charges, thereby en-

hancing the output performance of TENG [36,37]. However, the ex-

cess of hydrophilic mesoporous H-SiO2 increasing the hydrophilic

of TENG’s surface, facilitating the formation of an adsorbed water

layer. this hydration layer escalates the surface conductivity, which

can precipitate surface discharge and consequently diminish the

charge transfer capacity [38]. Fig. 2f shows the mechanical char-

acteristics PDMS with different contents of SiO2. The stress-strain

curves of all samples show that the material breaks in the elastic

stage without yield, so it belongs to brittle material. Brittle mate-

rial, due to their impact sensitivity, can convert minor mechanical

energy into electrical energy, which is beneficial for triboelectric

nanogenerators to collect mechanical signals. Besides, due to the

characteristic of muscles having a relatively high Young’s modu-

lus (∼100kPa to ∼1MPa), the triboelectric nanogenerator with a T-

Si0.05 ratio has a Young’s modulus consistent with that of muscles,

thus matching the strength of muscles in motion. The reason for

this phenomenon is that while PDMS is formed, the oxygen atoms

in the molecular chain can form hydrogen bonds with -OH on the

surface of mesoporous silicon, increasing PDMS’s tensile strength.

However, when excessive mesoporous silicon is doped into PDMS,

a large number of mesoporous silicon agglomerates are due to un-

even dispersion, resulting in many defects. Therefore, the tensile

strength decreases with the increase of mesoporous silicon con-

tent. According to Figs. 2e and f, we selected PDMS called T-Si

0.05 as the membrane for our final device. Fig. 2g shows a scan-

ning electron microscopy (SEM) image of the membrane T-Si0.05,

with protrusions of varying sizes on the surface and mainly meso-

porous H-SiO2 inside. We intuitively observe that mesoporous H-

SiO2 mainly plays a role in increasing the contact area of PDMS, so

it can be supposition that the overall charge transfer ability of the

film will be improved.

The charge storage capacity of the films was assessed using

cyclic voltammetry. We immersed a PDMS composite membrane,

uniform in thickness and area (approximately 10 mm2), into a

phosphate buffered saline (PBS) solution with an applied window

voltage of 2V, as depicted in Fig. 2h. The results indicate that the

3



C. Cai, T. Wang, Y. Zhang et al. Chinese Chemical Letters 37 (2026) 111087

PDMS composite containing mesoporous silicon is capable of re-

taining a higher charge density. This enhanced charge retention is

advantageous for establishing a more persistent local electric field

at the site of nerve injury, thereby maintaining voltage stability

and facilitating nerve repair. To elucidate the relationship between

output voltage and applied force, which is crucial for evaluating

the sensitivity and charge generation capability of our triboelec-

tric nanogenerator, we conducted tests under varying pressures, as

presented in Fig. S2 (Supporting information). A linear correlation

between force and output voltage was observed, with an R2 value

of 0.99284. This regression analysis provides essential data support

for the device’s design and implantation within biological systems.

Notably, rat muscle tissue typically exerts a force not exceeding 1N

during physical activity.

To ascertain the device’s durability for in vivo simulation in

Sprague-Dawley rats, we subjected it to 10,000 cycles of a 1N

force, and it maintained excellent voltage output performance,

demonstrating its outstanding robustness. Animal experiments

were approved by the Institutional Animal Care and Use Commit-

tee of Southeast University (No. 20240415051). The SEM image

of PDMS with H-SiO2 after 10,000 cycles also support robustness

of triboelectric nanogenerator, as shown in Fig. S3 (Support-

ing information) [39,40]. In terms of flexibility, to demonstrate

this characteristic more intuitively, a generator measuring ap-

proximately 10×10mm was affixed to the thumb, as shown in

Figs. S4a–c (Supporting information). It exhibited a significant

degree of flexibility and was capable of generating a voltage of

approximately 0.2mV under flexed conditions, as illustrated in

Fig. S4d (Supporting information). Collectively, these intrinsic

properties indicate that the device possesses commendable charge

storage ability, frictional power generation capability, flexibility,

and robustness, rendering it suitable for prolonged and effective

use within biological organisms.

In order to evaluate the electrical stimulation influence for PC12

cell, cell scratch experiment and cell cycle analysis in vitro ex-

periment were carried out. The experimental schematic diagram

is shown in Fig. 3a, PC12 neurons cell was extracted from young

Fig. 3. In vitro study on the proliferation properties of triboelectric nanogenerator.

(a) The schematic representing the influence of triboelectric nanogenerator on PC12

cell. (b) The ratio of cells in G1, S and G2 phases of cell cycle during 72h of elec-

trical simulation medium and normal medium. (c) Microscopic images of nerve cell

during the scratch migration assay. PC12 cell was cultured in DMEM with or with-

out electrical stimulation. Scale bar: 20 μm. Data are expressed as mean values ±
standard deviation (S.D) (n=4, ∗P<0.05, ∗∗P<0.01).

rats and subjected to electrical stimulation on the culture medium.

To assessed the proliferation rate of cells under the influence of

electrical stimulation, cell cycle assay kit and fluorescence intensity

were used. As shown in Fig. 3b, we investigated the effect of elec-

trical stimulation on cell proliferation through cell cycle dynamics

research at 24, 48, and 72h respectively. At 24h, under the influ-

ence of electrical stimulation, we observed a shortening of the G1

and G2 phases of cells, indicating that the cells were striving to di-

vide. However, in order to ensure successful division, the cells used

more time to prepare, resulting in an extension of the S phase, in-

dicating an accelerated growth rate [41,42]. At 48h, shortening of

G1 and S phases indicates that certain stages of the cell cycle are

accelerated, while the extension of G2 phase means that cells need

more time to prepare or repair before entering mitosis (M phase).

This suggests that under the influence of electrical stimulation, the

rate of cell proliferation increases, but as a result, the maturity of

cells decreases, leading to a longer preparation time for cell divi-

sion, manifested as an extension of G2 phase. At 72h, a significant

shortening of the G1 phase means that cells enter the DNA replica-

tion phase faster from the growth phase, a significant extension of

the S phase means that the DNA replication process requires more

time, as electrical stimulation affects the activity of DNA replica-

tion related enzymes or the function of DNA polymerase, result-

ing in a prolonged replication process. A slight extension of the G2

phase indicates that cells need more time to check the integrity of

DNA replication and prepare for cell division before entering mito-

sis, which is related to the regulation of cell cycle checkpoints by

electrical stimulation. The change in cycle indicates an accelerated

rate of cell proliferation, but the mechanism behind it still requires

more biological experiments to investigate in future work. The sub-

sequent cell proliferation and scratch experiments confirmed this

theory, shown in Fig. 3b (MTT) and Fig. 3c, under electrical stimu-

lation, the proliferation rate of PC12 neurons cells was significantly

higher than that of the control group [43,44].

The schematic diagram of neural repair in rats is shown in

Fig. 4a. Due to the fact that the sciatic nerve is larger and more

convenient to operate compared to other nerves, the commonly

used experimental model for peripheral nerve regeneration in clin-

ical practice is sciatic nerve injury [45–47]. The most commonly

used method is sciatic nerve injury caused by clamping [48].

Fig. 4b shows the experiment of electrical stimulation of the sci-

atic nerve in rats. During the first test, rats were anaesthetized

and tested with an external pressure device to check whether the

piezoelectricity worked normally. Under a force of 1N, TENG gen-

erated approximately 0.12V alternating voltage, indicating that the

friction power generation device is working well and can continu-

ously and stably generate electricity. Subsequently, TENG can be

placed on the legs of rats to generate electricity and stimulate

sciatic nerve repair through rat movement, as shown in Fig. S5

(Supporting information). Figs. 4c and d show the injury of sciatic

nerve and PCL wrapped nerve display diagram. It was seen that

the original milky sciatic nerve is transparent, indicating that the

sciatic nerve has been damaged after clamped. The defect of the

sciatic nerve in the rat was gently wrapped with a nerve conduit

and used a suture to prevent slippage, and an external triboelec-

tric nanogenerator was connected, as shown in Fig. 4d. The phys-

ical parameters of the nerve conduit are shown in supporting in-

formation. Here, we mainly observe the healing of mouse Nervous

tissue utilizing tissue staining and sectioning. On the first day after

surgery, the control group and the treatment group showed a dis-

ordered arrangement of nerve fibers, fracture of nerve axons and

disintegration of the myelin sheath (Figs. 4e and f), through the ob-

served of hematoxylin-eosin (H&E) staining. In the presented study,

we have meticulously enhanced the application scope of frictional

nanogenerators within biological matrices. This advancement was

achieved by precisely modulating the electrical potential generated

4



C. Cai, T. Wang, Y. Zhang et al. Chinese Chemical Letters 37 (2026) 111087

Fig. 4. In vivo implantation of triboelectric nanogenerator and functional recovery.

(a) Surgical image of sciatic nerve implanted with triboelectric nanogenerator in

rats. (b) Apparatus for electric stimulation for rat and stable voltage output. (c) The

sciatic nerve is crushed. (d) PCL-Ag was wrapped with PCL-Ag. (e, f) After 1 week,

the sciatic nerve section of the control group and the experience group (n=6). (g,

h) After 2 weeks, the sciatic nerve section of the control group and the experience

group (n=6). (i, j) After 4 weeks, the sciatic nerve section of the control group and

the experience group (n=6). (k) SFI measurements of control, stimulation group

treatment for 4 weeks (n=6). (l) The wet weight of gastrocnemius muscle of con-

trol, stimulation group treatment for 4 weeks. Data are expressed as mean values

± S.D. (n=6, ∗P<0.05).

by PDMS, integrated with a meticulously calibrated ratio of meso-

porous silica. The myelin sheath’s orderly structure, as observed in

Figs. 4g and h, was notably more organized compared to the un-

treated nerve tissue, which is indicative of a heightened state of

cellular organization post-electrical stimulation therapy.

Following a period of electrical stimulation therapy spanning

four weeks, a significant increase in neuronal density within the

treatment group was recorded, as illustrated in Fig. 4j. In stark

contrast, the absence of neuronal presence in the unstimulated

sciatic nerve tissue, as depicted in Fig. 4i, underscores the piv-

otal role of electrical stimulation in neuronal development. Con-

currently, a substantial increase in the population of Schwann cells

was detected, signifying an active phase of nerve tissue regenera-

tion. However, the tissue’s disorganized state, as shown in Figs. 4e

and f, suggests that while growth is occurring, the structural in-

tegrity of the nerve tissue is yet to be fully realized.

Upon reaching the four-week mark, the myelin sheath structure

of the unstimulated nerve tissue had begun to form, albeit with

a still-disordered neuronal arrangement, as observed in Fig. 4g.

Comparatively, the treatment group exhibited a pronounced en-

hancement in both neuronal density and axonal length after the

same duration. These observations collectively suggest that, en-

cased within conductive conduits, electrical stimulation serves as

an efficacious modality to foster the regeneration of nerve con-

duits, thereby facilitating the restoration of nerve tissue integrity.

For the purpose of a more precise evaluation of sciatic nerve re-

generation in a rat SNI model, an analysis of the sciatic function in-

dex (SFI) was performed, as depicted in Fig. 4k. The SFI is a quanti-

tative metric where an optimal value approaching zero indicates a

superior restoration of nerve functionally [49,50]. The experimental

finding suggest that rats subjected to electrical stimulation, which

using triboelectrification character of triboelectric nanogenerators

exhibit accelerated sciatic nerve recovery and enhanced functional

restoration. In addition, after euthanizing the rats, the gastrocne-

mius muscles of both legs were obtained for wet weight compar-

ison, and the muscle weight serves as a proxy for the degree of

muscle atrophy associated with nerve damage [46,51]. Fig. 4l il-

lustrates that the gastrocnemius muscle atrophy in the electrically

stimulated group is less pronounced compared control group and

implant group. these observations infer that electrical stimulation

may facilitate an augmented nerve repair process and reduce mus-

cle atrophy. The specific morphology of the gastrocnemius mus-

cle is shown in Fig. S6 (Supporting information). The above an-

imal experiments have demonstrated that self-powering animals

can promote rapid repair of the sciatic nerve, prevent gastrocne-

mius muscle atrophy, and further prove that electrical stimulation

is beneficial for accelerating nerve repair. The repaired mechanism

by which TENGs may be related to the influx of Ca2+ [52]. Under

the mediation of Ca2+, the upregulation of BDNF occurs, which in-

creases the expression of regeneration-associated genes (RAGs), T-

α−1 tubulin, and GAP-43 through the cyclic adenosine monophos-

phate (cAMP) pathway, thereby promoting neuronal generation

[53,54]. Additionally, in terms of electrical stimulation, it can pro-

mote the transition of macrophages from the M1 phenotype to the

M2 phenotype, effectively clearing myelin debris and alleviating lo-

cal inflammatory responses, accelerating nerve repair [55].

In this study, we developed a neural repair device that includes

a frictional electric nanogenerator device and a neural conduit. Us-

ing of mesoporous silica ensures the structural stability and charge

stability of the device. In the device, content of mesoporous H-SiO2

is 5%, and the ratio of PDMS monomer to curing agent is 10:1.

The design not only ensure the mechanical properties of the ma-

terial, but also effectively guarantee the charge collection of the

TENG. From cell cycle dynamics studies, it was found that elec-

trical stimulation can accelerate the rate of cell proliferation. This

discovery was validated in subsequent scratch experiments and cell

proliferation experiments. In animal experiments, we used PCL-Ag

catheters to effectively apply electrical stimulation to the sciatic

nerve. After one month of treatment, the sciatic nerve repair effect

of the electrical stimulation group was better than that of the con-

trol group, and the nerve fibers were more intact in the tissue sec-

tions. In the device, silicon dioxide molecular sieve not only plays

a role in stress enhancement, but more importantly, its charge col-

lection function stabilizes the endogenous neural electric field in

nerve injury, ensures the maintenance of resting membrane poten-

tial, and guarantees the consistency of electrical stimulation level.

In summary, this report introduces a flexible piezoelectric device

that can repair nerve tissue through endogenous mechanical stim-

ulation and has broad application prospects.
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