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Effects of Indocyanine Green and Methylene Blue on Tensile Strength and
Thermal Damage of Laser Biological Tissue Soldering
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School of Materials Science and Engineering , Nanjing University of Science and Technology,

Nanjing, Jiangsu 210094, China

Abstract In comparison with the traditional suturing, laser biological tissue welding has the following advantages:
shorter operation time, faster wound healing, less tissue damage, and no thread removal. To improve the strength
and quality of laser soldering of biological tissues, increase the laser absorptivity in the direction of full-thickness,
and explore the effects of dyes on the strength and thermal damage of laser soldering of biological tissues, we use
the bovine serum albumin solution as the matrix, chitosan as the stabilizer, and indocyanine green and methylene
blue as dyes. We use a Nd: YAG laser (1064 nm) to weld the skin in vitro with flux and compare the welding effect
of flux. Results show that indocyanine green and methylene blue are significant organic chromophores for laser

welding. They promote the efficiency of photothermal conversion, improve the welding strength, and reduce
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thermal damage.
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Fig. 1 Experimental instrument and sample. (a) Laser for biological tissue welding and thermal imager;

(b) skin sample in vitro and welding position
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Table 1 Process parameters of laser welding for

biological tissue

Pulse Welding )
Welding
Power /W frequency / speed / .
- time /s
kHz (mmes )
4 100 100 1200

1207002-2



i b

B2 WA A St A . Ca) D e h o BE i FH 4 i =X
HERL )1 5 (b Hrhr s B I o A8 7R 2

Fig. 2 Test instrument and test processing. (a) Digital
explicit push-pull force meter for measuring
tensile strength; (b) diagram of process for

measuring tensile strength
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Table 2 Type, mass concentration, and location

distribution of dyes

Mass concentration /(mgeL ')

Type of dyes

Surface Back
50 50
100 100
Indocyanine green 150 150
200 200
250 250
50 50
100 100
Methylene blue 150 150
200 200
250 250
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Fig. 3 Macroscopic morphologies of welded specimens
of methylene blue test group. (a) Front of
welded incision; (b) reverse side of welded
incision; (c¢) side of welded incision
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Fig. 4 Macroscopic morphologies of welded specimens
of indocyanine green test group. (a) Front of
welded incision; (b) reverse side of welded
incision; (c¢) side of welded incision
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Fig. 5 Average tensile strength of welded incisions

with different biological dyes
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Fig. 6 Maximum tensile strength of welded incisions
with different biological dyes
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Table 4 Tensile strength of indocyanine green test group
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Fig. 7 Effects of methylene blue concentration and
applied position on tensile strength
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Fig. 8 Effects of indocyanine green concentration and
applied position on tensile strength
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different dyes at different applied positions
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Table 5 Thermal damage of measuring points of different

dyes at different applied positions

Thermal damage

Applied :
Control Methylene  Indocyanine
position
group blue green
Surface 5881 740 11.7
Back 5881 934 46.9
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