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ABSTRACT

The use of medical devices is increasing due to the development of medical technology. Among medical
devices, it is often used in the human body for graft and treatment. Therefore, in medical institutions, various
sterilization methods according to the type and material of medical devices are applied to prevent infection.
Hydrophosphite (HA) materials are the most popular in bone grafts. We would like to present a sterilization
method using Q-switch Nd:YAG laser with high output energy among non-ionizing radiation suitable for small
medical devices. In this study, sterilization power was most ideally shown at UV wavelengths of 1.5 W, 266 nm,
and 10 pulses. Different wavelength bands; infrared and visible light; showed passive sterilization, and ultraviolet
A and C showed differences in sterilization according to the pulse. In laser sterilization were differences that
found according to the wavelength bands and pulses.
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Table 1. Comparison of various sterilization methods.

Type Method Advantages Disadvantages
. Perfect B
Radiation sterilization Highest energy
- No chemical High Tem.
Physical Autoclave residue (121 134C)
High density .
Laser energy Low beam size
Ethylene oxide 1(3?7‘1 6{60(151)' Toxicity
Chemical
Plasma Low Tem. No use linen,
(max 50C) paper
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II. MATERIAL AND METHODS
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Fig. 1. Flow chart of the entire process.
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Table 2. Comparison of survived E. coli depending on the
1 pulse of wavelength.

Sample Numb:
ample Number Mean

+ SE

1.5 x 10°

* - - - - - -
Co + 152

<10

266 <10 40 <10 <10 <10 <I0 L <10

<10

Ecoli 355 <10 <10 <10 <10 <10 <IO +<10

13 x 10°

532 1,600 2,200 490 L 376

460 2,600 740

1,200 12 x 10°

1,064 990 2,100 1,100 980 940 180

Values are mean + standard Error(n=6)
* : Control
a : Colony forming unit/ml, b : Wavelength(nm)

Table 3. Test statistic of E. coli depending on the 1 pulse
of wavelength.

Mann-Whitney Test

Wavelength(nm) Result P-value
266, 355 -2.761 0.006
532 -0.389 0.697
1,064 -1.426 0.154

P<0.05

zh prgol g ot AEE-S Fig. 2] e
a2 Atk 9 266, 355 nmS 99.9999 % At ¥ A
ol 7P A 34 532 e 101111 %2 Ei50]
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T7F ©ol txﬂé}oﬂt‘r. a8 3 94 532 nm—t— 353,
1,064 Bt} A= 71 =94th Table 5 H 25 7
g el 3 266 e AT O SHE(YS)0]
0.015% frolgk ovE Yephdiglen, s 355,

Z¥7+ 0.038,

F=)°l

ek

532, 1,064 nmi= AR EHE(S
0.291, 0.037=2 2Ju]’ zko] 7} ¢l

120 E. coli

Survival rate(%)

Contro 266 355

Wavelength(nm)

Fig. 2. Survival rate of E. coli with 1 pulse according
to laser wavelength.

Table 4. Comparison of survived S. mutans depending on
the 1 pulse of wavelength.

Sample Number
Mean

+ SE

. 46 x 10°
+ 833

<10 40 1 10°

266° <10 140 100 <10 <10 o

3,500 1,200 2,200 2,300 2,800 2,000 2-3 * 10°

S.mutans 355 L 315

532 4200 2,100 4,200 5,500 3,700 2,400 -0 X51é0

1,064 1,700 2,700 3,500 2,900 2,600 2,700 2 X23170

Values are mean + standard Error(n=6)
* 1 Control
a : Colony forming unit/ml, b : Wavelength(nm)

Table 5. Test statistic of S. mutans depending on the 1
pulse of wavelength.

Mann-Whitney Test

Wavelength(nm) Result P-value
266 -2.438 0.015
355 -2.074 0.038
532 -1.055 0.291
1,064 -2.083 0.037

P<0.05
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% Hrsrgich

S.mutans

=
=]
=]

Survival rate (%)

Control 266 355 532 1064
Wavelength{nm)
Fig. 3. Survival rate of S. mutans with 1 pulse
according to laser wavelength.

Table 6. Comparison of survived E. coli depending on the
10 pulse of wavelength.

Sample Number Mean

+ SE

* 1.5 x 10°
+ 152

<10

266 <10° <10 <10 <10 <10 <I0 o

<10

Ecoli 355 <10 <10 <10 <10 <I0 <I0 +<10

3
799 1.2 % 10

532 1,500 2,600 1,500 670 510
+ 318

1.1 x 10°

1,064 1,700 2,100 910 830 570 780
+ 247

Values are mean + standard Error(n=6)
*# 1 Control

a : Colony forming unit/ml, b : Wavelength(nm)

Table 7. Test statistic of E. coli depending on the 10
pulse of wavelength.

Mann-Whitney Test

Wavelength(nm) Result P-value
266, 355 -2.761 0.006
532 -1.037 0.300
1,064 -0.907 0.364

P<0.05

Aol A 1.5 W, 10 pulse AL § i+ H 82
Table 6° 4 WERLETO] 2k 3k 266, 355 nn+=
1 pulse®} Zo] i =S YehgA| Eakich
7R B 9 532 e 2T 2fo]E HolA)
ororth AoA w4 1,064 mmi= lE2TEI Z2F A}
ol glou, His 94?3‘& T2 2ol & HolA K
&It} Table 7 HM|RSG A WA 34 266,
355 nme AT SHE(FH)0] 0.00602 Fef g
oJH & HERI o, JJrZ* 32, 1,064 nni= AR
o 3HE(%FZ)o] 7+7F 0.300, 0.364% o|H] 4k Xkl 7}
H}\A}\q.

7 apge] wE et AEES Fig 40 HER
I gk 34 266, 355 mmi 99.9999 % HFH A
o} 73 94 532 nmiE 15.8889 %, A o)A w}
2 1,604 nmi= 23.4444 % Aitskol).
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Survival rate (%)

o
un
]
=]

Control 266 35

Wavelength{nm)

Fig. 4. Survival rate of E. coli with 10 pulse
according to laser wavelength.

do] A 1.5 W, 10 pulse A} & TX| o H e
Table 894 UEIL}0] =Fe) A 33 266, 355 nmol|
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Table 8. Comparison of survived S. mutans depending on
the 10 pulse of wavelength.

Sample Number Mean

+ SE

e £

46 x 10°

<10

266 <10° <10 <10 <10 <10 <I0 L <10

<10

S.mutans 355 <10 <10 <10 <10 <10 <10 + <10

532 3,200 2,300 3,000 4,400 2,100 2,400 29 * 10°
+ 346

1,064 1,800 1,600 3,100 3,500 2,400 2,300 24 * 10°
+ 299

Values are mean + standard Error(n=6)
* : Control
a : Colony forming unit/ml, b : Wavelength(nm)

Table 9. Test statistic of S. mutans depending on the 10
pulse of wavelength.

Mann-Whitney Test

Wavelength(nm) Result P-value
266 2771 0.005
355 -2.771 0.005
532 -1.692 0.091
1,604 -1.815 0.070
P<0.05
7y gpae] w2 FA| 3t AESES Fig. 59 UrE‘rlﬂ

I Tk 3 266, 355 nmi= 99.9999 % Lo
o, 7P A 3 532 i 35.8571 %, A9lA vt
7} 1,604 nmE= 47.50 % HtskiTh

S.mutans

Survival rate (%)

Control 266 355 532 1064
Wavelength{nm)

Fig. 5. Survival rate of S. mutans with 10 pulse

according to laser wavelength.
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Fig. 7. HA XRD (a: Control, b: 266 nm)
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(a) Control

(b) 266 nm
Fig. 8. Fluorescence micrographs of MC3TC-El.

IV, DISCUSSION
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