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Abstract This paper evaluates the influence of different defocus irradiation conditions on bone hard tissue ablation
by pulsed CO; laser. Bovine shank bones in vitro were used in this experiment which were put on a PC-controlled
motorized linear drive stage and moved repeatedly through the focused beam. Work distance was adjusted to obtain a
beam spot size of about 510 pm on tissue sample before and after focus plane respectively. The wavelength of pulse
CO, laser was 10. 64 pm, pulse repetition rate was 60 Hz, and the energy density is 5~45 J/cm®. The moving
speed of the stage was 20 mm/s, scanning times was 6. After irradiation, the incision morphology was observed by
naked eye and confocal microscopy. The geometry measurement of the incision was also taken. It was showed that
pulsed CO, laser can be used to cut hard bone tissue, and the defocus irradiation condition has an important influence
on ablation effect. In order to obtain a narrow-and-deep incision and high ablation rate, one can locate the beam
focus slightly under the bone surface.
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Fig. 2 Schematic of the experiment under two different

defocus conditions. (a) bone sampes (group A

and B) were put on the plane with a spot size of

510 pm before and after focus plane respectively;

(b) the number of pulses acted effectively at every

point along the incision can be defined as the product

of the pulse overlap factor n and repeat times
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Fig. 3 Incision on bovine shank bone created by pulsed
CO, laser at 5.7 J/em* (a), 15.4 J/em* (b),
33.3J/em® (¢), 41.2 J/em® (d) and 44.6 J/cm?

(e) under pre-focus conditions (25X)
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Fig. 4 Histological slices transversely to the laser incision
in bovine shank bone created by pulsed CO, laser

at 5.7 J/em® (a), 15.4 J/em?® (b), 33.3 J/cm?

(c)y 41.2 J/cm* (d) and 44.6 J/cm® (e) for

group A (pre-focus) and group B (post-focus)

100 pm.

respectively. ~ White bar presents

Preparation: decalcified and HE-stained

WA= B A SR 0 AL S0 BRI Fr ol SR AR 4190
(28 R G RGN 7 NS AT Sl = R N
100 e, H &1 RA1 b 6 251 T il O 11 58
IR B2 i A T S I O B 1) R g KL O HAT A il
GMIRE A W R i s AL B4 e . o group
AT RLOD 0SB = A T AR D 0 A BE i 5 T
group B ATHERY) HJE AR L2 D AR, Y 00 A A2 1 55
VG . SXARY) ARG 22 5 5 PR R R R0 R OBAE
LA N (9 23 18] 3 A A7 5% 54 R AU Tk
HR AT T (group A) I, B8 45 105 T8 2 1 4% m
JEHE RS /)N BE 8 8 B2 s I 22 2B A e 4L
A2 T H AL 1 5 (group B) B Bl T Fill T4 5 14 48 i
JEBER TR, BB R



739 FRAEIG SF AN [ B AR AR R B 2H SO I Rl Y R 1119

3.3 HRMUIOMLEAR~TNE

[’ 5 ki CO, OG5 A4 IE 5 H 4R 15 1Y
T AU 2T T (5 Ca)) A Bl R BE (] 5 (b))
W A B D' ) 72 A O R L 1% 2 M Ry S s
M2 . WIEL 5Ca) fir 7w, group A il group B P 4
BRACAE T T Rl 1) 11 3% T 5 32 4% T 6 S Bt O £ 114 3
MG . > 5 B O & /N 33,3 ]/ em® B, T il
PO SEEM KR AEE. SR B®LeE KT
33.3 J/cm’ I MG 4B BE s AH [0 3 T group A
(pre-focus) BY 1Y fl 78 & 2 L group B( post—focuq)
AN FCR R AN S T B AE L AT BRI 2 A 2 41
T 5 (post-focus) fi B 1, fﬁﬁfﬁﬂ‘ﬁiﬁ%(ﬁmﬁ
TR BE 1 18 Ty 35 O A2 T B AR R TR 7 i e
U% R, T2 8 By AR AT

—JEAlF R S R E T 2 TR R R
E’J/EmﬁfﬂDJJ“ 1M 4] 4k T £ F T A (pre-focus) fi
B E A T OB RS B w3 in i
BN MR 2 B FREIE . PR GE BRI il
@Jﬂffiﬁ%iﬁ%ﬁ%fﬁiﬂ’]i‘ﬁﬁﬂlzﬁ%@3@/2%

L R groupA
111 —o- group B %
£ 101 §/L
2 9] //l
= gl 3
z 71
x g?ﬁ’/’/*
@]
N @]
0 5 10 15 20 25 30 35 40 45 50
8 e
7] —a— groupA X
g 61 —o— group B /%
y /.
2 5] /%
= 41 /
o
I /
8 2 /é
o )]
0

0 5 10 15 20 25 30 35 40 45 50
Radiant exposure /(J/cm?)

K5 ikt CO. St I8 A4 ik B 41 L3R 75 10 ‘Ziéi Fil AR

SPRERE ST O B R . (O HRERAISIRT
PS8 RE s (b) i Bl U] 3R EE . &%@ﬁ%gm%{ﬁ

it 22
Fig. 5 Incision geometry measurements of bovine shank
bone after irradiation with pulsed CO, laser versus
incident radiant exposure for group A and B. (a)
cutting width at the surface of bone sample, and
(b) cuting depth. The error bars are standard

deviation of the data
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Fig. 6 Cutting cross-area of bovine shank bone after
irradiation with pulsed CO, laser versus incident
radiant exposure for group A and B. The error

bars are standard deviation of the data
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