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Laser Welding Characteristics of Biological Tissues in vitro
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Abstract To find out the role of laser parameters on in-vitro tissue bonding, experiments are designed to study the
effect of laser parameters, such as power and scanning mode, on the appearance and tensile strength of in-vitro skin
tissue incision, and then the process parameters are optimized. Results show that the appearance and tensile
strength of tissue incision is better and greater when we use low laser power with long welding time, and also the
irreversible thermal damage decreases. Using interval laser scanning increases the bioactivity closed to the incision
and decreases the thermal damage. Experiments are performed to verily the reliability and stability of the optimized
parameters, and the tensile strength of incision is tested. Results show that the bonding along the depth of tissue
can be realized and no carbide or burning occurs. Compared with that of the continuous laser welding process, the
welding time is decreased by 30%-40%, and the tensile strength of incision is 0. 38 MPa, which can meet the
requirement.
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Fig. 1 (a) Tissue sample; (b) experiment setup
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Fig. 2 Appearance of in-vitro skin tissue surface fused with different laser power. (a) 2 W; (b) 3 W
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Table 1 Appearance and strength of in-vitro skin tissue incision with different fluxes

Tensile

Flux Appearance of surface Appearance of back Cross-sectional morphology
strength /MPa

None . i . ] 0.03
Physiological “
"gi*‘ -— 0.05
saline el
E 7 |
B
Indian ink tw—*—— . 0.19
BSA . ! 0.41

M1 A AT LU R G AT ] A PR B SRR AR A SRR 2 AT R Il &+ LR B T2 AR W5 2 A 4R AL
F- AR s B KU 10 B A AT AT R T BT b A BD) 10 ZH ZUAL T BIR A 5 2 AR EER KAl B ) B R AR A
MY AL FOCIFEAE AT R BRI BRI A Bl G 5 B R Rl 5 TR B s 20 0 B0 88 0K Ak B A B Jik
FEA L AUVE 3R SR Be bt LU B ™ 5 B KT SR il (ER e 2 4048 100 1 07 1) L A 3 SR Rl X R
TRR B IR VR A B RE 880K e X0 B W oV T AR 5 20 SO X LR A B TR TR J2 1 A BEAE B STk 41 413
FRREF s 220 BSA ALY K ke AL SUFE D) 101 J7 1) FRE BE J7 ] b 35 ST RG4S M Rl G, B IR R A T
OO P LU A T R B RS R A BRI X J2 T BSA HA BN EOLTE 42U Y i A TR B R
A GJE E T ] bl RE AR B RO

Zaad A PR K b P YRR AR L AU 11 Rl R R ARG L U B A SRR A 1 O U DA S A b R A
SPYERY A RO 4 . 280 B SR OKAL BB RE AR L BUFE SO AR TR A U 25 7 A L B 2 UG AR E T
T RE AL Lk T R P SRk B A B i R R R A RRAL L BT AR B R AR A L 2 e 4
BUNIK oY B 28 A MR A PERE . 28 BSA AR BRI A R A A5 )5 5K o B2 v, 22 i T BSA Wl LR
WOCAE H U 95 AR I /N8 2 T 15 14 it JEE A 58 AT 5 1 B2 ik 2 0 800 9 MR Wi/ s 55 — T i
BSA A BUR RSO AR FTTR e A2 A8 P, LA 6 F BT 415 P I RS 21 7RG 45 U0 11 s 2 AL A D
3.1.3 #kaair Xe¥w

PO 75 3O A My AL AL 11 B4 Rl SRS MEAR KR S B2 JER 2 A2 SO A7 40 B TR A T AR L B S

0407001-3



H = # ot

RV E BRI 2R Y . BERA LS ERA SRR, B WA A A YRE . fE TSN R A EE
T L ER I B T RUK > S LT AN S R A AN AN IS A s S R
PEHR 2 5k BSA Kb AY B AR J IR R AR IEHOEY) % 2 W OB AR 0.2 mm  FHH#EHE 200 mm/s 4#
FZIFR] 20 min B S 0F T S2 50 W98 LA 1 40 V5 1 1 A0 A3 B A A 3 RO [RB0OE 43 4 O 20 B AR e ik 4 21
IR 5 A 2R s A . S RO 4 O 3T 18 B 1A g JER A1 400 T L T T R AR T 0 OB 3L B0 1 Bk
SREEWR 2 s,
22 RTRMOGE T R B 1 B k2 8180 11 il A T 5545 0

Table 2 Appearance and strength of in-vitro skin tissue incision with different laser scan paths

Tensile

Laser scan path Appearance of surface Appearance of back Cross-sectional morphology
strength /MPa

Straight line ;
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Table 3 Appearance and strength of in-vitro skin tissue incision with different laser output modes

Tensile

Output mode Appearance of surface Appearance of back Cross-sectional morphology
strength /MPa

Continuous e H 0 t 0.43
P,
Pulse (50 Hz) - e 0.28
3
Pulse (100 Hz) pa 0.35
1 1
Pulse (150 Hz) S > 4 0.33
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Table 4 Optimized parameters of in-vitro skin tissue laser welding

Peak Pulse Welding Welding
Output mode Pulse band /ms Flux ) ]
power /W frequency /Hz speed /(mm/s) time /min
Pulse 5 50 100 BSA 200 12

0.5 mm @
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Fig. 3 Cross-sectional morphology of in-vitro skin tissue samples
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