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Fig. 1 Initial materials and experimental schematic of Ho laser impact tests: (a)initial gelatin and
artificial calculi; (b)schematic of gelatin, artificial calculi and optical fiber assembly; (c)experimental

schematic and parameters of Ho laser ablation tests
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Fig. 2 Shadow graphs of the Ho laser melting gelatin-artificial
calculi tissue process with different loading conditions
T IHENSTR YT A B S OGER SR IE A G 2O ET AR S OG RE f 2 AH W) I, 0 10 B AR S O 2T g T 2 45
A1 ERMAE L he HUAHIE B 3(h))

SEM EAE Al DUULEE 2 8w 7 HE R BT BTN BETE S . LA 800 pm-=3. 0 J-0 pom AR T8 A 1 il
HoCE O S, 4 Cad () 23531 Ji& 3L 171 it 19 = 4 (3D) #L#A FREHLRL £ o DA T&T v BE UL ¢ 380 78 7 il 470 I
BELEAF W BE HFIORDRE BE 17 2 S DX, B30 00 DX T il e N RE RO T, ELABE D /N ROSH R B
(CHARZY 10 pm) o T HE I B0 A4 DXCICRORURE L FORDRE 7 B2 -5 R 0 R 9 1 90 T A0 O, ELBE ThD L BFEE A R
BRRAT BN TE S5 A TS (AR LY 50 pm) o TEOG I BE T ARDRS BE 1 (8] 77 78 500 W A 70 2k X — 31
GAE LA & T 30 T8 R AY) B SCHlk A o BT R I8 BT AT BB A AE 9 A4 RE R RORL R B e A8 L B BT )
T 0 U B R R A L TR R RMORL R AL ARSI O X NS A 7 ARG < 7 ) R N
A8 OO0 BE R 5 R 32 B i 55 B DDA T L O A A VA e T R A 9 I It 2 — 2 o 9l A7
F1 A0 2 0 5% R O PR 2 B S O T T AR LT T IR I 2 R 32 ok F B0 9 e i R 4 AR



£ TR R AT BRI T Rl B 45 0 2 SR B S IR BT 5 471

—_—

b) 200 pm

© RO A

— (), 5 m

800 um

B3 [N 5 A7 B2 AR RAE « () ho =05 (b) hy >0
Fig. 3 Optical imaging on the recovered artificial calculi: (a)hy =03 (b) hy=>0
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Fig.4 SEM characterizations on the melting crater of 800 pm-3. 0 J-0 pm Ho laser
impact-recovered artificial calculi: (a)3D view; (b)top view
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Fig.5 SEM characterizations on four representative melting craters
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Fig. 6 Optical imaging of melted gelatin with different

distance between fiber and artificial calculi
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Fig. 7 Surface scanning characterizations on the melting crater with the white light interferometry technique:
(a)schematic of the white-light interferometer; (b)3D point cloud data of the recovered artificial calculi sample;

(c)3D reconstructed surfaces of the melting crater inner walls
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Tab.1 Ablation pit data of different experiment

(%:zgi . B s VRIE/ s PR/ mm’
600 pm-0. 5 J-0 um 872 250 0. 054
600 pm-1.0 J-0 um 1027 350 0.137
600 pm-2.0 J-0 um 1262 500 0.295
600 pm-3.0 J-0 um 1514 570 0.505
800 pm-0.5 J-0 um 993 180 0.055
800 pm-1.0 J-0 pm 1116 300 0. 149
800 pm-2.0 J-0 um 1361 450 0.311
800 pm-3.0 J-0 pm 1626 520 0.533
800 pm-2.0 J-200 pm 1254 280 0. 154
800 pm-2. 0 J-400 pm 1147 180 0. 067
800 pm-2. 0 J-600 pm 1067 165 0.062
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Fig. 8 The geometric shape data of ablation craters: (a)and (b)the curve of the diameter and depth of
ablation craters with laser energy under different core diameters when the laser approaches the artificial
caleuli; (¢)and (d)under the same core diameter and laser energy, the diameter and
depth of the ablation pit are related to the height of the fiber end face
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Tab. 2 Ablation pit data of fiber end face added with added ablation layer
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Model experiments on calculi tissue ablation
induced by holmium laser

ZHANG Yufeng', HUA Junyi’, BIAN Yalong?, CAI Yang?, LU Lef’
(1. School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, Sichuan, China; 2. The Peac Institute
of Multiscale Sciences, Chengdu 610031, Sichuan, China; 3. School of Materials Science and Engineering, Southwest Jiaotong

University. Chengdu 610031, Sichuan, China)

Abstract: In order to investigate the dynamic process of calculi ablation by holmium(Ho) laser and its
collateral damage to the surrounding tissues, various model experiments were conducted on artificial
gelatin-gypsum samples, along with a homemade holmium laser device. The experimental parameters
included the laser energy, the fiber diameter, and the distance between the fiber and the artificial
calculi. High-speed shadow graphs showed that an hourglass-shaped bubble would occur in gelatin
during the ablation, and a discussion was provided on the morphology evolution mechanism of
hourglass-shaped bubbles under different loading conditions. Characterizations on the recovered
samples were carried out via optical imaging and scanning electron microscope. The results revealed
that gelatin tissue undergoes damage from erosion, cavitation, and fragments jetting of artificial
calculi. The ablation crater shows two kinds of morphology on its side face and subface with different
roughness due to different material failure mechanisms. Geometric parameters of the ablation crater
were obtained using the white-light interferometry technique, along with discussions on the effects of
loading conditions. Energy analysis was given on the ablation process, and a linear relation between
crater volume and laser energy was evaluated.

Keywords: holmium laser ablation; gelatin-artificial calculi tissue; model experiments; cavitation bub-

ble



