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Abstract

Mechanically deformed cartilage undergoes a temperature dependent phase transformation resulting in reshaping of cartilage. Laser-assisted
cartilage reshaping (LCR) is recently introduced to recreate the underlying cartilage framework in structures such as ear, larynx, trachea, and
nose. However, this procedure has not been fully supported by confirmed efficacy because of the lack of scientific research and its safety
issues. The purpose of this study is to evaluate current laser sources to determine optimal laser wavelength for LCR using mathematical
simulations and investigate optical, thermo-mechanical, and backscattering properties of cartilage after laser irradiation. The results showed
that 1444 nm wavelength was effective for reshaping of cartilage with minimal thermal damage in the surrounded tissues by monte carlo
simulations. Analysis of bend angle changes, thermo-mechanical characteristics, and backscattered properties may be useful to better
identify the biophysical transformation responsible for stress relaxation in cartilage and develop an optical feedback control methodologies.
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Fig. 1. Process of cartilage extraction
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C. Cartilage Length Change/ Bend Angle Measurements
B Ao Nd:YAG #lo]A(A=1444 nm, AccuSculpt”®,
Lutronic Inc, South Korea)E A}-8-5}53 2.1, spot size= 600 £m,
pulse rate = 40 Hz Z12] a2 exposure time = 1 secZ A4 3151
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D. Mechanical property measurement
B Ao AF9 stress relaxation /¢S dolEr] 98}

1060 nm 1320 nm 1444 nm 1540 nm 2100 nm
1, lem=1] 0.375 0.95 14.375 6.25 17.5
o u, lem=1] 29 114 23.7 62 290
oi3
= 1.43
g* 0.9
Bt = 10000
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Table 2, Bending angle of modified cartilage after laser irradiation
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A. Monte Carlo simulation

Monte Carlo Simulation-S 5-3f 2t 3}7gl] wjel A Fo] &
uhg kg v wal 2 A3} Ho:YAG (A=2100 nm)<} Nd:YAG (A
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=2100 nm) & o] A1 32 0] 71 v-$- Fo} RN MRt e AL
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7hAm, d Y FE =9k

B. Cartilage Length Change/ Bend Angle Measurement
Eq.[1]& vtgo2 0ol n7bA] g 3to] e vf g e Lol 5
79 83} o] e bR en ER mEd) 238 L3k
= 9ol Ao w3 7P 77k Lkl el sl thetaghe &
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1.8 W] go|A] 85 A T 7] Ad Az Hol= ¥
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0.473 mm7} gHaslom, Bt w32k 37.085 (it 2.2 W
ZAF Aol & B 0.83 mmrk 7H2aE 9l o, Wit 332 44.87°
SATE 1.8 Wel Hla 22 W 285 A A A o2 dgo] 7
A A=t Y Zlom AZE A ofad B8 A AR A5
(24213l 548 A& wol walR e, Aol 23t

| Uebgeh s et 49 o] FREE
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=2 O

Aol 7ol = FA S

Laser power (W] == LT BUAAIZE T AZO| ZHH( " )
(mm) 24 h 48 h 4 day 7 day
1.8W 0.66 64.96 42.96° 4197 4329
2.2W 0.9 57.2° 30.87 47.38° 44.08
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C. Mechanical property measurement
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