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Abstract Skin welding with a combination of 1064 nm and 980 nm diode lasers, which s the firsttime discuss in the
literature, was performed in this study. The longtime effect of laser skin welding was investigated through
macroscopic and microscopic examinations as well as tensile strength tests at different time after the welding,
conmparing with that of conventional suturing. At the same time, the temperature of rat skin tissue during laser-
welding was measured in vivo with a thermo-couple temperature measurement in order to analysis the relation
between the effect of tissue welding and tissue temperature. Using a power density of 15. 92 W/ an? with power of
0.5 W in continuous wave mode and exposure time of 5 seconds per spot for both 980 nm and 1064 nm lasers, it s
found that laser tissue welding yielded more effective dosure and healing than conventional suturing technique that
with faster recovery, better apposition of tissue, less tissue interadion and tighter closure. As a result, tissue
welding with a combination of two near-infrared lasers is an effective method for wound closure, and further
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investigations are in progress for clinical use.
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Fig. 1 Photographs of incisions closed either by laser-welding or suturing technique during the wound healing period
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Fig.2 Microscopic views of the incisions closed either by laser-welding or suturing technique

during the wound healing period
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Table 1 Closure index, granulation areas and epidermal thickness of incision of ratskin

Postoperative G Closure Granulation Epidermal thickness
rou
day /d P index( ) areas (Sca) /(100 m?) (Tg) / m

1 A 0.49 0.11°
B 0

4 A 0.53 0.19° (54.5 9.66")
B 0.11 0.05 (112. 13 18.87)

7 A (280.71 71.65573") (98.47 14.3)
B (198.1619 70.25483) (86.88 20.34)

14 A (395.6375 71.13544") (48.19 9.04")
B (256.9478 59.28431) (61.75 6.78)

21 A (263.803251 66.653) (37.03 6.04)
B (225.201 70.11875) (37.13 1. 81)

3.2 4 (1.65 0.31)N 21
(9.15 1.92)N( 1
; ) ; ) (
14 ),
, 3 , (P< 0.05)
3 , 14
R 1 (5.21 (7.11 0.73) N,
1.02) N 21 (13.54 2.42)N, (P> 0.05) , 1

0404004
© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



980 nm/ 1064 nm

iz L] léégr group T
@ suture grou
& 14 £ I
e S
£10
g 5
‘A 6 fF-F- -,
5
SEESN B B
ol
0 ‘
1 4 7 14 21
Wound healing period /d
3 (
, P< 0.05)

Fig.3 T ensile strength of incisions closed either by laser
welding or suturing technique ( means that
there is statistical difference betw een both groups,

P< 0.05)
7 )
7 21
(P> 0.05) :
3.3
980 nm 1064 nm
( 0.5 W, 55),
Imm 2mm
, 5s,
35 s, 4
651
[ -~ —+—1 mm below skin
60 f v —+—2 mm below skin
g 55F I \ - - TOOIM temperature
) )
S 451 17 -
E, 40 ‘!. \M.
= 35}
30+
25t 3 1 x ;
0 5 10 15 20 25 30 35
Time /s
4 980 nm 1064 nm
Fig.4 Temperature of rat skin tissue during irradiat ion

with the combination of 980 nm and 1064 nm lasers

38

) 1l mm

2 mm 62 52
1 mm 2 mm
5s
) , 35
) R 2 mm
1 mm )
4
, 980 nm
, ;1064 nm
[10,13] ’ |
(91014 980
1064 nm
, 980 nm 1064 nm
0.5W, 5s,
79.6 J/ cm’, 5]
’ 50 - g M
4 , s 1 mm
, 62 2 mm
52
(50~ 80 )[1,14,15]

0404005



?

; 0.49 0. 11
(2

50 B B ’

21 ,

980 nm 1064 nm
15.9 W/em’, 5
1064 nm ,
[8] 1070 nm
India ink
,15.9 W/em® 1064 nm ,

s 980 nm

, [7]
, 980 nm

, 1 (4.16 0.78)N
7 (6.25 0.94)N,
, (P< 0.05);
, 21 (12.52 1.92) N
, 980 nm
, 1 4
0.29 0.09 0.38 0.07,
0.49 0.10 0.53 0.17(P<
0.05);7 a= 1.0,

, 980 nm 1064 nm

980 nm 1064 nm

)

1592 W/ em®  5s 980 nm

0.5W) 1064 nm ,

1G. Godlewski, M. Prudhomme, J. Tang. Applications and
mechanisms of laser tissue welding [ C]. SPIE, 1996,
2623: 334~ 341

2 L.S. Bass, M. R. Treat. Laser tissue welding: a
compr ehensive review of current and future clinical applications
[J]. Lasers in Surgery and Medicine, 1995, 17(4): 315~ 349

3 A.J. Welch, J. H. Torres, W. F. Cheong. Laser physics and
laser tissue interaction|J]. Tex. Heart Inst. J., 1989, 16(3):
141~ 149

4 D. Simhon, T. Brosh, M. Halpern et al.. Closure of skin
incisions in rabbits by laser soldering II: tensile strength[ J].
Lasers Surg. Med ., 2004, 35(1): 12~ 17

51 ilesiz, S. Thomsen, A. J. Welch et al.. Controlled
tem perature tissue fusion: Ho: YAG laser welding of rat intestine
in vivo, parttwo[J]. Lasers Surg. Med., 1997, 21(3): 278~
286

6 Zou Benrong, Liu Tongjun, Tan Yuquan & al.. Advantages of
vascular anastomosis using CO; laserthrough a histologic
examination[ J]. Chinese J. Lasers, 1993, A20(8): 636~ 640

, > . CO,
[J]. ¥ E#HE, 1993, A20(8): 636~ 640

7 N. M. Fried, J. T. Walsh. Laser skin welding: in vivo tensile
strength and wound healing results| J]. Lasers Surg. Med.,
2000, 27(1): 55~ 65

8 Jin Xiaojie, Zhou Liang, Xu Xiuling @ el.. Semiconductor laser
repairs of the facial nerve: an experimental study in the guinea pig
ENT department [ J]. Chinese J. Lasers, 1996, A23 (11):
1035~ 1038

[J]. ¥ E#EE, 1996, A23(11): 1035~ 1038
9 M. Gulsoy, Z. Dereli, H. O. Tabakogluea al.. Closure of skin
incisions by 980-nm diode laser welding[J]. Lasers Med. Sci.,
2006, 21(1): 5~ 10
10 H. O. Tabakoglu, M. Gulsoy. In vivo comparison of near
infrared lasers for skin welding[ J]. Lasers Med. Sci., 2010,
25(3): 411~ 421
11 Pan Zhenhua, LiYingxin, Wang Xing & al.. Effects of low-level
laser therapy on cutaneous wound healings with three doses[]J].
Chinese J. Lasers, 2010, 37(2): 599~ 604
s , .3
[J]. +¥E#k, 2010, 37(2): 599~ 604
12 The Ministry of Science and Technology of the People s Republic
of China. Guidance suggestion of caring laboratory animals.

2006-09-30

0404006



980 nm/ 1064 nm

2006-09- 30

13 A. N. Bashkatov, E. A. Genina, V. L
Optical properties of human skin,
tissue in the wavelength range from 400 to 2000 nm|[ J]. J. Phys.
D: Appl. Phys., 2005, 38(2005): 2543~ 2555

14 H. Athiraman, R. F. Wolf, K. E. Bartels et al..

photothermal tissue interaction

Kochubey @ al..
subcutaneous and mucous

Selective

using 805 nm laser and

indocyanine green in tissue welding [ J]. Journal of X-Ray
Science and Technology, 2004, 12(2): 117~ 126

15 Dix P. Poppas, Robert B. Stewart, J. Mathieu Massicotte ¢
al.. Temperature-controlled laser photocoagulation of soft tissue:
in vivo evaluation using a tissue welding model [ J]. Lasers in

Surgery and Medicine, 1996, 18(4): 335~ 344

0404007



