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QOutline:

1. The Institute of Laser Medicine
Short presentation of selected topics

2. Laser induced Interstitial Brain Tumor Therapy with
Optical On Line Control
Monte Carlo Simulations and first medical applications

3. Isotope Selective Breath Analysis

Nondispersive methods with medical applications




Institut fiir Lasermedizin
Universitiit Diisseldorf, Germany

www.ilm.uni-duesseldorf.de

founded in 1991 as an interdisciplinary institute in
the medical faculty

,theoretical* institute without patients,
devoted to basic research

cooperation of physicians, biolpgists, chemists and
physicists

in Germany the only pure university institute
subject ,,Laser medicine for physicists®
presently 40 coworker

(14 university positions, rest from funding
agencies)

main topic of interest:

analytical and diagnostical use of lasers in bio- and
environmental medicine

close cooperation with many clinical institutes



Prof. Dr. R. Baver:

¢ Laser Diffractometry
¢ Laser diffraction as a diagnostic tool
e Laser ablation and reflection spectroscopy of tissues

Prof. Dr. P. Hering:

Liquid light guides

Laser isotope separation of ’C and '*C

Ablation of biological tissues with a Q-switched CO, laser
Isotope selective breath analysis

Trace Gas Cavity ring-down (leak out) spectroscopy in the UV and IR
Laser-Tissue Interaction, Monte Carlo Simulation

Optical Properties of Tissues and Turbid Media

Laser Therapy Treatment Planning

Laser Applicator Design

Holographic Facial 3D Reconstruction

Transmyocardial Laser Revascularisation (TMLR)

Laser safety, Laser pointer

Prof. Dr. J. Moser:

* Photodynamic Laser Therapy (PDT) of tumor cells
* Molecular pharmacology of adrenergic receptors

www.ilm.uni-duesseldorf.de



Methods in Laser Medicine

tissue

Treatment - Physical Effect
cutting with laser heating, evaporation
| scalpel

coagglgtlon foT tissue ditto
disintegration
welding of tissue and ,
ditto
vessel
removal of tissue photoablation
disintegration of hard photodisruption

irradiation of tissue

photochemical effect |

laser analysis

spectroscopy,
miCroscopy

F biostimulation

effect unknown J




Medical application of lasers

laser therapy more effective?
less painful?
less complications?

simpler, faster for operating surgeon?
higher price justified?

luxury medicine?



Threshold energy density (TED) for ablation of tissue
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Absorption coefficient a(A) of water
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Tissue Water weight
aorta 79 %
cartilage 75 %
cornea 70 %
skin 70 %
bone C10-30%
dentin 13 %
enamel 2-4%
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Photoablation oder Photodisruption

(:;‘loha -*-l,

a} b} /

ﬁ)l.aksu:lssllerrat}cllr ‘ fokussierter ¢
{ Laserstrahl /

/

Mechanische Energie
7 (Materiatauswurf)

. i Gewebe et Gewebe
’ deponier
T = Energig fEb
Warmeleitung : Nichtlineare Effefte
(Plasmabildung)
Fokusbereich Wirmekapazitit Mechanische Eﬁcrgic
(Brennvolumen) : (Expansion)

b. 5: Schematische Darstellung des Encrg:cﬂusscs bei der Wechselwirkung von Lascrlicht mit Gewebe. a: Thermische Wechselwirkung:
. Temperatur im Brennvolumen, Ty . . . Umgebungstemperatur), b: Mechanische Wechselwirkung.

u.n e RQJLCS
-} Riatn
iu&uPulS




(9001208 Jopum 03j8)
oeand 5 wacwsa)
[USIIN POROp JoM Pt USOR
(NOILNASIGOLOHd) uoyewo}
jal ‘aABM N20YS ‘U0YB}IABD
04 anp papuaixa Ajjeneds 10 ‘awnjoa
|E90§ 0} paulu0d ) J03)8 UOLE|qE

fl

$NQ0J JASE| U) UMOpYEaIq |BaNdo

?\Ec\\s L0l <'su g - 5q 1)
1958] JIAPN (M 59

NOLLY18Y 430NANIFYWSYd

SWSINVHOIW NOILY1Y 43SV INV1I40dWI JWOS

sopejideo poojq s)ves ooy is0),

‘WoySjou] oNssY K0S aAYIeYe AloA
J9{EM

anssy Jo uoyeloders axij-uoisojdxa

fl

J6aY 0} UOYEXEJa) |5}

fl

SUOWBIQIA JBJNID|OW JO UOEHIX

(u9/M 501-01 ¥ - 51 001)
1WA ‘OYAST 07 158 ]

NOLLYI8Y TVOINVHOIWOWAIHL

fenoutal feajeu oYy vosedxs = voyeige [

jsuss Aoh 3) obomap [ouuioy)
"Jojs10 vayae vsap Lioa

sjuawbely Jo uoyoale

fl

UOLYEI00SSIP JB|nD3J0u

fl

9}Bys
0)U0J}23)3 FAIS|NdaJ O} UOLEHOND

(;W9/M 5,01-,01 'SU 001-01)
Jase| (Jawoxa *6:a) AR yM

NOLLY18Y0L0Hd 10314

VTPHLAIET Y |




"90U019440}u) |BI1I409)0 fuolis @
‘aw)iajl| Hoys pue Appiqey8l |jBWS @
‘Ajijenb weaq peq @

TH 00! > / @

(eunssaid-opaydsouniy pajoxg Ajassasusi])

1os8) 20) Y31 & MGEUIAY

. Jayi|dwe )a5E] ©09)
(wd 9°¢) W 08-S =7

- 081 =4 - . Mo

. Hﬁ__:_b o ‘ ) T T U T N
1Bqui §2 - b1 =" _( —

13567 200 payohms-p

YoHMSD)

UiZIpaai ey anf joylan)

H0a11ssna
IVIISIAIND

INTTH fzz_:_\_
\\\\v\)\\ vl
-\k\.‘






Inefitat far Lasermedizia

Ablation of bone with 4 short COz laser pulse

!

t <1 psec
10-50 J/cm?
10-50 MW/cm?

Tiemp= 25 psec

|

~5 um
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Aot SOME QUALITATIVE RESULTS WITH
S SUB-pSEC CO, LASER PULSES :

=> only first few laser pulses
produce “clean” ablation.
When the crater depth
reaches several hundred
im, the efficiency of the
ablation drops quickly and
visible thermal damage
appears even at the low
repetition rate f = 20
Hz. Prolonged irradiation
and/or higher repetition
rates lead to pronounced melting structure and charring AN

<> An auxiliary gas jet (N,, CO,, Ar, He), if applied for
several tens of seconds, promotes drying of the bone tissue
and only aggravates the damage.

@ Every laser pulse reduces the water content in the vicinity of
the ablated volume. After some time it drops to such an
extent that water no longer participates in the ablation
process. Subsequent laser pulses will melt and burn the solid
bone components. :

53
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HISTOLOGIC RESULTS e

Inthibel 7 Litermedicn

carbonization

Laser cut edge >
= 1-3 ym

COMPACTA (PELVIS HUMANus):

in vifro, standard preparation after irradiation (Formaldehyde, decalcification, staining)

MECHANICALLY Q-SWITCHED CO, LASER:
A=9.57 um, 7,5 = 250 ns,
£=17 ml/pulse, /= 5 kHz, <P>= 85 W,
focus size = 440 pm, @ = 11.4 J/em?,
geometrical pulse overlap by scanning = 0.5

WATER SPRAY:
1.5 ml/min



Kraniofaciale Chirurgie

12 Kraniofaziale Chirurgie -
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OPTOACOUSTICAL SIGNAL DURING BONE ABLATION

ol fir Lesermadizie
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Bone: bovine femure, 1 mm
Laser: 9P(22) line, 325 Hz, <P> =11.5 W,
35 mJ/pulse, 7,=500 ns, & = 17 J/em?

Microphone: at the distance of 20 cm from the bone



intitud Far | asermedizin

wavelength 4 = 9.57 um,
pulse duration 7,5 = 450 ns,
focus diameter 2 = 0.5 mm,
energy density @ = 14 J/em?,
peak intensity /~ 30 MW/cm?

bottom of laser cut in enamel .
& clean, smooth,
no thermal damage or cracking

=980 Hz, P=27 W,
scanning rate v= 50 cm/s,
overlap factor wf/v= 0.5,
water spray = 2 ml/min

bottom of laser cut in dentin :
bubbling traces (probably due
to pyrolisis of organic

& component), no melting of
mineral component (dentinal
tubules are evident)

f=330Hz, P=9 W,
scanning rate v= 28 cm/s,
overlap factor w//v= 0.3,
water spray =1 ml/min




Preliminary results of tooth enamel/dentin ablation with Q-switched CO. laser
and miniature water spray

wavelength = 9.6 um,

energy density = 14 Jiem®,

pulse duration = 450 ns,

beam diameter = 0.5 mm,

sample at a rotating (1.5 Hz) plate of 45 mm radius,
water consumption is about of 1 ml/min.

Sraser = 980 Hz,

average power =27 W,

equivalent pulse number = 108 =

radius of focus/shift between two puises,

beam space-overlap factor = 0.6,

ablation depth = 470 pm,

effective width = 395 pm,

average ablation depth per pulse = 4.4 um,
average specific ablation energy = 60J/ mm®.

; ﬁaser = 327 Hz,

average power =9 W,

equivalent pulse number = 36,

beam space-overlap factor = 0.2,

ablation depth = 145 um,

effective width = 340 pm,

average ablation depth per pulse = 4 um,
average spectfic ablation energy = 76 J/ mm’.

Saser = 327 Hz,

average power=9 W,

equivalent pulse number = 27,

beam space-overlap factor = 0.2,

ablation depth = 90 pum,

effective width = 330 pum,

average ablation depth per pulse = 3.3 um,
average specific ablation energy = 90 J/mm’.

Other EM pictures corresponds to the same experimental series with fl.se: = 327 or 980 Hz.



IR-L.aser in der Zahnheilkunde Vor- und Nachteile

Ho:YAG-Laser (100 Pulse,Rep = 1Hz,1=3,8 us,

Pulsenergie: 18 mJ)

Dye penetration (um)

3000

300

30 +
20

Ho.YAG ErYAG Nd:YLF Mech. drill



Principle of LCL

_ 2 2
n > nclad NA - ‘Jn - nclad Z 0.2

core core

i
window cladding

numerical apertures: results:

NA=0.1-0.5
quartz LCL  FEPLCL

transmittance: Er:-YAG: 91 J/em® 130 J/em®
400 nm — 3.1 pm Ho:YAG: 94 J/em® 200 J/em®

arrangement of two concentric tubes

Teflon-FEP tube
) . or
alignment ring fused silica capillary

------- - = .
outer tube | quartz window
core-liquid

(continously purified)



Lightguides for 2.94 um

- Minimum Bending Radii -

Liquid core

Chalcogenide

Zirconfluoride Sapphire
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K linische Anwendung des fliissigkeitsgefliliten
Lichtwellenleiters

Klinik und Poliklinik fiir Kiefer- und Gesichtschirurgie
Prof. Sailer
Universitétsspital Ziirich

04. April 1998

Entfernung von Leukoplakie am Gaumen und an der
Wangeninnenseite



Laser-handpiece for IR-lasers

transmitted power
of the handpiece: 6 W

(repetition rate of 20 Hz,
pulse energy of 300 mJ)




Holographic Facial 3D-Measurement

Indications in Craniofacial surgery .

- Planning of operation
- Analyses of symnmetries
- Documentation of results

- Detection of tumor growth

Requirements

- Spatial resolution 0,1 Mmm - 1 mm

- Aquisifion time < 1/60 s { movement of the patient implies
short aquisition time for high acuracy)

- Measurment with open eyes --> laser safety

deq :

- Taking a pulsed portrait-hologram of the patient

- Time independent analysis of the holographic 3D-information

Imetih b ~F | vear Madimina 1inivarsihy ~f Niiaceal-nrf



Holographic Facial 3D-Measurement

Aquisition :

Object-Beam Hologram

short Puises — no stability requirements

divergent beam

. —>  |aser class |
and diffusor

off-axis setup —>  |Oow noise

Laser ; pulsed Nd:YLF
526,5 nm (frequency-doubleq)
2J  puls-energy
20 ns puls-duration
>3m coherence length

titute of Laser Medicine, University of Duesseldort



Holographic Facial 3D-Measurement

Reconstruction and Analysis :

Projection-screen

<

Hologram

-Reconstruction of the real image with a frequency-doubled Nd:YAG
cw-laser (532 nm).

- The real image is tomographically captured from a porjection screen
by a CCD-camera.

- 3D-reconstruction of the projected slices is processed by a computer

nstitute of Laser Medicine, University of Duesseldaort



