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Note S1 Finite element simulation
The actual PZT network structure is relatively complex. To reconstruct its realistic geometry as accurately as possible, X-ray micro-computed tomography (micro-CT) was first employed to obtain three-dimensional images of the structure (Fig. 5a-c). A three-dimensional fiber-bundle reconstruction algorithm combining Gaussian smoothing and threshold segmentation was then applied to extract the macroscopic yarn structure from the voxelized microscopic fiber data.
As shown in Fig. 5d-f, during the model extraction process, the CT data were first segmented, and a binary mask of the fiber regions was obtained via threshold segmentation. Gaussian low-pass filtering was subsequently applied to the mask to generate a continuous density field, thereby enhancing the connectivity between adjacent fibers. The density field was then binarized using an appropriate threshold to extract the macroscopic yarn structure, from which the geometric and topological features of the networked fabric were obtained
For finite element simulations (Fig. 6), the extracted yarn structure was reconstructed into a computational mesh using iso2mesh with an appropriate mesh size. As the PZT skeleton inherited the macro- and microstructural characteristics of the networked fabric, the reconstructed yarn structure was directly adopted as the PZT skeleton model. The silicone rubber matrix and the PZT skeleton were then assigned to different material areas through region labeling. The parameters used are as follows.
[image: ]
The reconstructed mesh was imported into ABAQUS for mechanical analysis. In the simulations, the interfacial coupling between the skeleton and the silicone rubber matrix was not explicitly considered; instead, a tie constraint was applied to ensure that no relative separation occurred between the two phases during loading. Finally, one end of the model was fixed while a prescribed displacement was applied to the opposite end to impose tensile deformation, enabling the mechanical response to be obtained and analyzed. 
Note S2 Ceramic density measurement
The ceramic density was measured using the Archimedes’ displacement method. The mass of the PZT skeleton measured in air (dry weight) was denoted as m g. The apparent mass of the PZT skeleton measured in water using a spring balance was denoted as M g. According to the force balance of the PZT skeleton in water,


where F is the Archimedean buoyant force, g is the gravitational acceleration, ρ is the density of water (1 g/cm³), and V is the volume of displaced water. Based on these relations, the displaced water volume can be determined, and the density of the PZT skeleton is calculated as：

In the experiment, the dry weight of the PZT skeleton was measured to be 0.108 g. The skeleton was then suspended on a spring balance in the water tank of a densitometer, yielding a wet weight of 0.091 g. Using the Archimedes’ displacement method, the calculated ceramic density of the PZT skeleton was 6.2 g/cm3.
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Table S1 Comparison of this work with other studies on piezoelectric sensors
	Material
	Max tensile strain (%)
	Sensitivity (mV/kPa)
	Stress detection range
	Strain detection range
	Response time
	Durability cycles
	References

	BCZT ceramic array /PDMS/Ecoflex
	153
	997.5
	2 N-16 N
	0-60%
	24 ms
	5,000
	[S1]

	BTO-PVDF-PU
	~40
	/
	/
	0-40%
	/
	/
	[S2]

	PZT kirigami
	~100
	15.4
	30 kPa to 1.1 MPa
	/
	/
	/
	[S3]

	PZT- rubber
	~200
	~31
	/
	/
	/
	/
	[S4]

	PVDF-PDMS	
	~110
	/
	/
	0-8%
	/
	600
	[S5]

	PVDF/PAN		
	258.9
	5.65
	0-100 kPa
	/
	15 ms
	10,000
	[S6]

	Serpentine PVDF	
	27.5
	/
	/
	0-27.5%
	/
	/
	[S7]

	PVDF/TPU
	~300
	1.83
	0-70 N
	/
	85 ms
	>1,000
	[S8]

	PAN	
	~250
	17.24
	0.4-20 N
	/
	/
	10,000
	[S9]

	PVDF-NBR	
	~70
	0.43
	0-2 MPa
	0-70%
	/
	/
	[S10]

	This work
	220
	39.57
	0.5 N-18 N
	0-80%
	31.2 ms
	>12,500 
	





Table S2 Comparison of this work with other studies on stretchable piezoresistive sensors

	
	Response time
	strain detection range
	stress detection range
	Material elongation
	Sensor elongation
	References

	This work
	31.2 ms
	0-80%
	5 kPa-180kPa
	220%
	100% 
	

	CuNW-rGO/PDMS
	135 ms
	0-65%
	/
	/
	70%
	[S11]

	Ti3C2MXene/PDMS
	/
	0-70%
	/
	~81%
	/
	[S12]

	Carbon nanotubes /MXene
	158 ms
	0-105%
	/
	203%
	105%
	[S13]

	Cellulose/MXene hydrogel
	~100 ms
	0-68.7%
	/
	~144.4%
	/
	[S14]

	Venetian fabric/WPU/CNTs
	32 ms
	/
	0-45 kPa
	25%
	/
	[S15]

	MWCNTs/bicomponent nonwovens
	100 ms
	/
	0–120 kPa
	~40%
	/
	[S16]

	PU/PPy NFs
	120 ms
	0-70%
	0–20kPa
	70%
	70%
	[S17]

	rGO/GO film
	72 ms
	/
	0–40 kPa
	/
	/
	[S18]
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Fig. 1 a Optical microscopy image, b photograph and c stress-strain curve of the conductive textile. The textile is commercially purchased, which is essentially fabricated by depositing a copper-nickel coating onto the surface of an elastic textile substrate via techniques such as magnetron sputtering. It has a thickness of approximately 0.2 mm
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Fig. 2 The individual fiber at the node of the PZT skeleton a and its magnified view b demonstrate incomplete contact between adjacent grains; c-f Non-densely contacted grains at different length scales.
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[bookmark: _Ref26284]Fig. 3 a Fracture surface of the PZT skeleton; b Enlarged view of the interfacial knot region at the fracture surface; c Porous and non-densely contacted structure at the interface; d Through-pore morphology within the interfacial region; e Multilayered structure at the outer edge of the interface; f Enlarged view of the multilayered structure, showing non-dense grain contacts
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Fig. 4 a Bending curvature radius test of the PZT skeleton. b Nitrogen adsorption-desorption isotherm of the PZT skeleton measured by the BET method
[image: ]
[bookmark: _Ref11543]Fig. 5 Representative images selected from 1,000 CT slice images. a Front view; b-c Side views. The brighter regions represent the textile structure. d-f Workflow for extracting the macroscopic yarn structure model from the original CT images
[image: ]
[bookmark: _Ref14579]Fig. 6 Simulation model obtained from CT image processing
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Fig. 7 Optical photographs of the PZT sensor. a Flat-laid state; b Bent state. Scale bar: 1 cm
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[bookmark: _Ref3894]Fig. 8 a Optical morphology of the electrode; b Contact angle measurement of silicone rubber on the electrode; c Optical morphology of the PZT; d-f Cross-sectional morphologies of the silicone/PZT composite, showing that the PZT is fully infiltrated and encapsulated by the silicone rubber; g-(i) Cross-sectional morphologies of the silicone-electrode interface
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Fig. 9 The corresponding voltage-load waveform signals from 5 kPa to 60 kPa


[image: ]
Fig. 10 a Force-displacement curve of the sensor during tensile testing; b 1000 tensile-releasing cycles of the sensor at 100% tensile strain
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Fig. 11 Durability test under tensile mode over 6700 cycles at a 70% tensile strain and at a frequency of 3 Hz
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Fig. 12 a-b Voltage output waveforms of the sensor under different humidity conditions; c Voltage output waveforms of the sensor at 70% tensile strain before and after repeated bending when attached to the knee; d Voltage output of the sensor before and after ultraviolet irradiation (UV 254 nm, 60 min); e Voltage output of the sensor at different temperatures
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Fig. 13 Pulse waveform measured at the radial artery of the human wrist via affixed PZT sensor
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Fig. 14 Test Scenarios of Roughness Standard Blocks

[image: ]
Fig. 15 a PZT sensors are affixed to the lateral aspect of the human knee joint using medical-grade polyurethane adhesive tape; b Tensile strain is generated in the PZT-PS composites during knee joint flexion
Captions for Videos S1 and S2
Videos S1 Demonstration of the Intrinsic Flexibility of the PZT skeleton by bending experiments.
Videos S2 Demonstration of the high stretchability of the PZT-SR composite. 
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