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Characteristics of MIR-FEL Induced-Sound in Biological Tissues
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In this paper, we examine the pressure level and the wave form, which is the sound produced when incising
biological tissue using a TEA-CO; laser and a Middle-Infrared Free Electron Laser (MIR-FEL). The laser
induced-sound pressure level is measured using a transducer with sensitivity in the range of 20 Hz to 70 kHz.
We investigated the characteristics of sounds produced by the incision of soft and hard biological tissue using
a laser. Focusing on the surface of the gelatin sample (a soft tissue), specifically on the water content at the
point of incision, we estimated the water content from the surface electrical resistance, and found that there is
a clear correlation between with the sound pressure level and the water content. Furthermore, we studied the
FEL induced-sound of a wavelength around 10 pm for a hard biological tissue (a bone). As for the induced-
sound wave form, we discovered that it was different to the result by the wavelength. This research is dis-
cussed in terms of the development of a photo-acoustic monitoring system for a safe, reliable laser scalpe] and

laser coagulation device.

Key Words: MIR-FEL, CO, Laser, Medical application, Laser induced-sound, Monitoring

1. IU®HIC

19604 ~ 19804AL D L - - — Jfife s X Ar L — 5 — I
BCBEE 2 (515 nm), CO, L — % — £ 2 (10.6 pm)
B LUNEYAG L —H — PR S 2 (1.06 um) O3 7)*
FHTH o720, TNSEHERICAIIFEL TV L —
Y- BEREBCHICER L2200 Th o7z, 2D,
FREOBERORLZ V- —8BIFBAL L, THETF
K - RE~OICHAMIZEES &N TE, LHLids
O, ETHEETEL L —F AR E L LTIER L
TWbHDIL, Ll L3O L —F—TH 5. 199044 D
5, L—W—0OuE (R & BRSBTS, #IinE
BliZEhbEL —HF —HHEEEOREIED S Tw
L. TFENT 7 A N TIRATFE R Ho: YAG L — 4 — {&#
P (2.1 pm), KOWIYE — 7 B EIZEE L 72ErYAG
L — W — 68 E (2.94 um) 7 1%, 400 S EBEIGH &
LTHESNEDDOTH S, s RMBEOYIRR - BEICE
LizL—H—EZHABL, 20V —¥F—kEZ W

BB OB - ML 4%, BELZRETHILLER
biad., 22T, Bl —¥—KREZABTOICHHE

TV -BEEZBEE2TL. 2L 0HHET L -
=3I DRI L TILHPNS, L -V R R &
LTEZONEDHTH L. FIZ, FTIREEMICAH
T AP TR ER AL L -~ ZHHET L —

F31KE1 25 AMAHALD MIR-FEL #5150

F—LPACiE v, AR TR EAB TSRS, REs
—REEFRML, MELHBLIZ L HMELTY
5. ZOHMDIHIZMIR-FEL%Z Fv 7z,

SRV —F-HHOREIIH LB LS h->TE
THY, b—F—EHEEINIHERERN O —~FE L LT
VENDDHDL, LHLeds, BEXWOTEIZKL
T, L= —[REHMOILHEM~DOERITEL & LT
TLVENHL., COREKO-—-DII8E AR, BRA
A, BEWRARA G EOBHFOTHAEL L BENEL B
B0, BMENEL = — X 22N T O &
THB0rb I ThHE, ELXCHOBEERLY, B
S RBANETH S L, BEWESSEAREST TF
&én FOIRELHEMTH D720, BEICRELRL —

Vﬁ 5135 Z L ARNETH L k%%lf%é
BEHAMBOWELITEL, 208 Z20REIZS
b&f%ﬁfv %—V%%#%wm%ﬁﬁﬁﬁﬁ
DT, EEVPERHTRETCENE, “e %%-
FrEOEFRPTEDL LAY, BEOTHEEZ B
BU—V—[BHEEERLTHEL D,

AR OB L L —F—EREE 2 PS¢ 2
—HEELT, V¥R T L HET ORI
WEHL, TOWREEEZHERICL>TEBRTZ200TH

AV AL — W — R YIRS T 5 & AR L
THILREIHMOSNTWES, MTAHTIZooTE2mM

849



LFEMFATEY, L—F=INT.ELOE=y1) 7|2
FIE % 2 L%, 19824 12C.E. Yeack 512 & o THG S
T 2ofb, ML & - TIRER € =

) 27 LT, Tk AR E T ) FHO A D S
TV 538,

~ )i, VESE - R CE, IR S O R g (DL
EEYE) LA TEY, 1991 IZILkR =7 AD K
STKFLF o2 L—H— 2L 25WHT, L—F—Hk

DGR 2 H U A £ =y ) > 73 B Tk
EREL, INEMARALZREEAIELThAY. L—
A = BT O AR LD 30 A 13 1993 4E L)
fE, A A.Oraevsky B2 X > THDMIZH~L TS
hmm,mmﬁ’mmmmWaﬁkwwmaE%waﬂ
G DG REEE OIS &R ) 7TV ¥ 4 L TillRE e T
SH) T TELILEERH L TVAY, 200341213 K
WATHmmJb~%~Mmi&®km%ﬁMmFar

LHEBRFUOFMEETIZBNT, WHOA - FEE L

ﬁf’blz W—FRENEE= YY) T TELIE R
LI LTWAYW, HELIEINE TICEFRRES LU
L—H—f NI E T, L—W—FilRSoy
mvaE;WEWﬁ%W’Ewmé%:t,b—w—
WA SR AL D A s i, FLRR o &, UIBRIE S 2 &z &

T, HIEL~L, § &&Lbia L R B A L2
B Endid o 2 AW B2 LT E ST,

A T L — = BRI O s & L o— ik
T HEZS ) A TELU MY, 25| ;_,ka“J
RTINS Jﬁ“TGV-%—“mi%mﬁ
M_JZ)}J{J“&:LT L — =i O F % 525k
THER L 7 5 0‘1"(1’1_‘“\%. ¥ 7, JEIA).L?‘;(I:;E)V)
FAHEROCIFR L i 2 —WREIIOWTLERT 2.

2. EBREESSUHE

L= —2{E 8 ACO, L — W — (TEAH!, 10.6 um, 80
nsec) & A EE HET- L — ¥ — (Middle-Infrared Free Elec-
tron Laser : MIR-FEL, 9.0~ 10.6 um) % 27z, 2O HME
L= = PR DILWHIIH T, SRR % ey 12
FEADZENTEL, L—W—o3 ) 2k~ 7 o
VAL IOV ALK D2EMETH S, Fig. 1125
FTLIE, v o0 ANEIXIS psecTH Y, #R0E L
WHiZ10ppsTHAH. 3 7 O ANEIES psec TH Y, —
DDLU ADOHNIZZW NI AD I 7 TSI AT A
TwA. KL TlE, MIR-FELD L —H— T 4 )L & —
TIRNNW ANV IADLFINEF—CET LT A,

L—AF =k oMl 120, R s F il e
T 27 AR - R O B RN (20 Hz~70
kHz) ZfiH L7, <4 707 4 > {3Fig. 212377 £ 9 12,
Lo — B8 1A 545 deg. J717, 50 mmifkdn 7= (2
&, MZERETTIr =72, HEEOTEEEO N
X772 %)V 20 A 3 — 7 (SONY Tektronix ; TDS 620B)
w7z EIERES O BN @AY 7 b (Sound
Forge ! 96 kHz ¥ > 7 L — M) & Wi, ZOWE, &TF
LAV TR SN D, HIElE L F oy FE

850

Macropulse

A Repetition : 10 pps

15 psec l _'! =

330 pulses 44.8 nsec
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Fig. I Double pulse structure of Middle Infrared Free Elec-
tron Laser.

TEA-CO2(10.6 pm, 80 nsec)
MIR-FEL (9.0~10.6 um, 15 psec)

Focussing Lens —
f:100 mm

Fig. 2 Experimental setup of the laser induced-sound mea-
surement. TEA-CO, Laser which had a wavelength
10.6 pm and pulse width 80 nsec, MIR-FEL which
had a wavelength 9.0~10.6 pm and macropulse width
15 usec were used. The laser beam was focused with
a lens of focal length 100 mm. The microphone (a
sensing range 20 Hz~70 kHz) was placed at 45 de-
grees to 50 mm from the point of the laser irradia-
tion part.
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Fig. 3 Infrared light absorption spectra of (a) gelatin, (b)
cortical bone and (c) bone marrow. They were mea-
sured by KBr method with FTIR.
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Fig. 4 The relationships between (a) the electrical resistance
of gelatin surface, (b) the incision depth and (c) sound
pressure level in the various gelatin concentration.

* (b) was obtained under the condition which was an
irradiation time of 90 sec and a repetition rate of 2
pps. (c) shows the results for an 1 pulse irradiation.
TEA-CO, laser energy density was 7.7 J/cm?2. Tem-
perature, humidity and atmospheric pressure were
25~27 degree C., 40~54 % and 1,011 hPa, respec-
tively.
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Fig. 5 Characteristics of the laser induced-sound in the bio-
logical tissue model. This model was made by corti-
cal bone which bone marrow and gelatin (weight
concentration of 10 %) were spread on. The left fig-
ure shows the line of induced-sound wave form in
MIR-FEL (wavelength of 9.7 mm). Laser energy den-
sity was 4.2 J/em?. Temperature, humidity and at-
mospheric pressure were 25 degree C., 29 % and 996
hPa, respectively.
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Fig. 6 The induced-sound wave form at the each sample.
No.1 and No.3 were in case of cortical bone. No.2
and No.4 were in case of bone marrow and gelatin,
respectively. These were equivalent to the number
shown in the Fig. 5.
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Fig. 7 Characteristics of the wave form of laser induced -
sound in cortical bone at (a) 9.7 um wavelength, (b)
9.9 um and 10.6 um. Each MIR-FEL energy density
was 0.85 J/em?. Temperature, humidity and atmo-
spherie pressure were the same numerical value as
Fig. 5.
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