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ABSTRACT

Background and Objectives: Electromechanical reshaping (EMR) is an emerging, non-thermal cartilage reshaping
technique that induces permanent shape change by applying low-voltage direct current to mechanically deformed
cartilage. This study aimed to evaluate the effects of applied voltage and application time on the degree of cartilage
reshaping, temperature changes, and histologic alterations using an ex vivo rabbit auricular cartilage model. Materials
and Methods: Auricular cartilage specimens (1x2 cm) were harvested ex vivo from 10-week-old female New Zealand
White rabbits. Cartilage samples were mechanically bent to a standardized 90-degree configuration using a custom-made
jig and subjected to EMR using a custom-built device. Direct current voltage (2, 4, 6, and 8 V) and application time (2, 4,
6, and 8 minutes) were systematically varied. The degree of reshaping was quantified by measuring the bend angle after
EMR. Surface temperature changes were continuously monitored using infrared thermography, and histologic evaluation
was performed to assess chondrocyte and matrix integrity. Results: No significant cartilage deformation was observed
with a 2-minute application at any voltage. Time-dependent reshaping became significant from 4 minutes onward at 6
V, with bend angles increasing progressively with longer application times. Voltage-dependent reshaping was evident at
a fixed duration of 4 minutes, with significant deformation observed at voltages >4 V. Temperature elevation during EMR
increased in a voltage-dependent manner but remained below 2°C at voltages <4 V. Histologic analysis demonstrated
preserved cartilage architecture at 2-6 V, whereas focal chondrocyte injury and matrix disruption were observed at 8 V,
particularly around electrode insertion sites. Conclusion: EMR effectively induces controlled reshaping of rabbit auricular
cartilage in an ex vivo setting. Significant shape change occurs at application times >4 minutes and voltages >4 V, while
higher voltages may increase the risk of cartilage injury. These findings provide fundamental data for defining safe and
effective EMR parameters and support further in vivo and clinical investigations.
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Fig. 1. Experimental setup for electromechanical reshaping (EMR) of rabbit auricular cartilage. (A) Custom-built EMR device developed by
the authors, allowing precise control of direct current voltage and application time. (B) Schematic illustration of the experimental configura-
tion showing auricular cartilage fixed in a standardized 90-degree bent position using a custom-made jig. Four anodes (+) and four cathodes
(=) were inserted perpendicular to the cartilage surface with fixed inter-electrode spacing of 2 mm (same polarity) and 3 mm (opposite po-
larity). (C) Representative photograph of the experimental setup demonstrating platinum needle electrodes penetrating the cartilage and

connected to the EMR device during ex vivo application.
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Fig. 2. Time- and voltage-dependent reshaping of auricular car-
tilage following ex vivo electromechanical reshaping (EMR). Rep-
resentative gross photographs of auricular cartilage specimens
after EMR application under varying voltage and time conditions.
Rows represent application time (2, 4, 6, and 8 min), and columns
represent applied voltage (2, 4, 6, and 8 V). Minimal shape change
was observed at 2 minutes across all voltage conditions. In contrast,
increasing application time and voltage resulted in progressively
greater cartilage bending, with marked reshaping observed at >4
min and >4 V.
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Fig. 3. Quantitative analysis of time- and voltage-dependent electromechanical reshaping (EMR) of auricular cartilage. (A) Time-dependent
changes in bend angle following EMR application at a fixed voltage of 6 V. Bend angle increased significantly with longer application time,
with marked reshaping observed from 4 min onward. (B) Voltage-dependent changes in bend angle following EMR application for a fixed
duration of 4 min. Increasing voltage resulted in progressively greater cartilage bending, with significant differences observed at =4 V com-
pared with controls. Box plots represent median values with interquartile ranges; whiskers indicate minimum and maximum values. Aster-
isks denote statistically significant differences compared with the control condition (p<0.05).
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Table 1. Angular deformation according to applied voltage and duration

Time (min) 2V 4V 6V 8V
2 o' o' 6.6+42 70+36
4 45+23 273+37 418+6.7 483+73
6 83+45 350+6.3° 556+54 643+79
8 10.1+4.2 404+64 63.2+46 88.2+74

Values are presented as mean + SD (degrees).

Control was defined as cartilage fixed in the jig with needle electrodes inserted but without voltage application (0 V).

" p<0.05 compared with control.

"Values of 0° with no standard deviation indicate that no measurable deformation was observed in any of the five specimens under the given condition.

Ov 23.8° 4v 25.2°
.

6V 26.7° 8V 27.50

/
-
> -

Fig. 4. Infrared thermographic assessment of temperature changes during electromechanical reshaping (EMR). Representative infrared
thermographic images acquired during ex vivo EMR application at different voltages (0, 2, 4, 6, and 8 V) for a fixed duration of 4 min. Local-
ized temperature elevation was observed around the electrode insertion sites, with progressively greater temperature increases at higher
applied voltages. Minimal temperature change was noted at 0 and 2 V, whereas distinct focal heating was evident at 6 and 8 V. Red circles
indicate regions of interest used for temperature measurement, each centered on the electrode insertion site as a consistent anatomical ref-
erence point.
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Fig. 5. Histologic findings of auricular cartilage following ex vivo
electromechanical reshaping (EMR). Representative hematoxylin
and eosin-stained sections of auricular cartilage after EMR at differ-
ent voltages: (A) 2V, (B) 4V, (C) 6V, and (D) 8V. At 2,4,and 6V, the
overall cartilage architecture and chondrocyte distribution were
largely preserved, with histologic changes mainly attributable to
mechanical penetration by the needle electrodes. In contrast, spec-
imens treated at 8 V demonstrated focal structural disruption of the
cartilage matrix, including partial fissuring of the cartilage, consis-
tent with electrochemically induced tissue injury. Arrows indicate
areas of chondrocyte injury and matrix disruption.
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