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Dental lasers for soft tissue
surgery and periodontics

What we know and what we’ve learned

author_Donald J. Coluzzi, USA

Fig. 1_Immediate post operative
view of an Nd:YAG laser gingivec-
tomy, using high power.

Fig. 2_Seven month post operative
view with final restorations in place.
Fig. 3_Immediate post operative
view of another gingivectomy using a
newer laser with less power and
better technique.

Fig. 4_One week post operative view
at the restoration try-in appointment.
Note tissue healing.

_About 1975 medical surgeons began usinga
new device thatcomplemented and, in some cases,
replaced the scalpel. That instrument was a laser,
and during the 1980's a Carbon Dioxide model was
a common component in the operating suite. In
1989 the first laser specifically designed for dental
use became available. Today there are two dozen
indications for use with various dental laser de-
vices; and the clinical applications continue to in-
crease, making the laser one of dentistry's most ex-
citing advances with unique patient benefits. This
article will attempt to summarize those laser ap-
plications for dental soft tissue and treatment of
periodontal disease.

Surgical lasers produce energy that can be ab-
sorbed by a target tissue, and this absorption pro-
ceeds as a photo-thermal reaction; that s the radi-
ation produces a thermal reaction in that tissue.
While other effects are possible, including true
photo-disruption where molecular bonds are bro-
ken without vaporization to very low level use of
laser energy producing a bio-stimulatory or bio-
modulation effect. Depending on the instrument's

parameters and the optical properties of the tissue,
the temperature will rise and various effects will oc-
cur. In general, most non-sporulating bacteria, in-
cluding anaerobes, are readily deactivated at tem-
peratures of 50°C.? Proteins begin to denature at
temperatures of approximately 60°C without any
vaporization of the underlying tissue.3 Thisis a clin-
ically useful effect because, if the temperature can
be controlled, diseased granulomatous tissue will be
removed while the biologically healthy portion can
remain intact. Coagulation, also occurring at this
temperature, refers to the irreversible damage to
tissue, congealing liquid into a soft semi-solid
mass.* This process produces the desirable effect of
hemostasis, by the contraction of the wall of the
vessel. At 70 to 80°C uniform heating will produce
adherence of the layers because of stickiness due to
the collagen molecule's helical unfolding and inter-
twining with adjacent segments, a process some-
times termed tissue welding.®

Laserexcisional orincisional surgeryisaccom-
plished at 100°C, where vaporization of intra-
and extracellular water causes ablation or re-
moval of biological tissue.® Thus excision of soft
tissue can begin at this temperature, but the ap-
atite crystals in dental hard tissue will not be
ablated. However water molecules dispersed
throughout mineral structure are vaporized and
the resulting jet of steam expands and then ex-
plodes, removing the tooth structure. This water
mediated explosive removal transfers minimal
heat to the adjacent tissue.” Thus, cavity prepara-
tion, calculus removal, and osseous contouring
can proceed.

Continued application of energy will raise the
tissue temperature. Atabout 200 °Cdehydrationis
complete and the tissue carbonizes. Carbon as the
end product absorbs all wavelengths. Thus, if laser
energy continues to be applied, the surface car-
bonized layer absorbs the incident beam, becom-



ing a heat sink. Collateral thermal damage can spread rapidly preventing normal
tissue ablation and causing tissue necrosis.®

Some of the general benefits of the use of lasers in dental soft tissue include:
_Lasers reduce pathogens
_Lasers provide hemostasis
_Lasers can offer better post operative courses in healing
_Lasers can offer biostimulatory effects
_Lasers can have advantages over scalpels and electrosurgery.

For pathogen reduction several studies point out that every wavelength is effec-
tive, whichisclearly a different effect than when a scalpel is used.®'> Moreover there
isan advantage in reduce the need for prescription antimicrobials for a wide range
of patients including children and pregnant women. Additionally, without medica-
tions, the patient will not experience allergic reactions, bacterial resistance or unto-
ward side effects.

The ability to control bleeding during surgery enables much better visualization
of the area. Some wavelengths achieve better hemostasis than others. The erbium
family whose radiation is emitted in a free running pulse mode offers less sustained
energy so soft tissue surgery may not be totally bloodless.’> "¢ There are some con-
flicting results from studies comparing the post operative healing from lasers versus
other modalities. Some authors point out that the healing can be faster, slower or the
same asconventional instrumentation.”-2" At the same time lasers have been shown
to have offer bio-stimulatory effects. These are not clearly understood, but are clin-
ically significant during and after treatment, adding to the value of health care.?2%

Other advantages include the lessening need for sutures?, less painful treatment
and reduced swelling post-operatively?, less wound contraction?®, easier contour-
ing of gingival tissues compared to a scalpel?, safer around dental implants?, and
generally better patient acceptance of a procedure?.

For treatment of periodontal disease, once again all wavelengths show useful-
ness. After scaling of the root surface with other instrumentation diode, Nd:YAG and
Carbon Dioxide lasers are used can be used on the soft tissue side of the periodontal
pocket to remove the inflamed soft tissue and to reduce the pathogens.®*-** The er-
bium family of lasers can also be employed to remove calculus and other accretions
on cementum with results similar or better than conventional scalers.®*7

The first twenty years of dental laser technology have been accompanied by so-
phisticationsintheinstruments themselves, aswell asimproved surgical techniques.
Figure 1 shows one of the author's first cases of gingival contouring in an immedi-
ate post-operative view and Figure 2 shows the restorations in place several months
later with good tissue health. Retrospectively the soft tissue in the first figure re-
ceived an excessive amount of laser power, as evidenced by the dark and almost
charred areas; however, the healing progressed with a beneficial result. The immedi-
ate post-operative consequence of the author's use of a newer pulsed instrument
with much more controlled thermal interaction is shown in Figure 3. Figure 4 illus-
trates the trial fitting of the restorations with the tissue practically healed. The con-
clusiontobedrawn from these two casesis that the surgeon must observe the photo-
thermal events carefully and employ proper instrument parameters.

Insummaryalthoughlaserscannottotally replace conventionalinstrumentation,
the overwhelming evidence from published studies and clinical cases provide assur-
ance that lasers are a beneficial treatment modality for dentistry._

The literature list can be requested from the editorial office.

laser

Donald J. Coluzzi, DDS

15 Navajo Place

Portola Valley, CA 94061, USA
don@laser-dentistry.com
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Lasereinsatz als

Therapieoption

Laserchirurgie stellt eine ideale Bebandlungsoption fiir zweizeitiges Vorgehen
in der Implantologie und die Freilegung nach gedeckter Einbeilung dar:

n der modernen Implantologie ist die

Minimierung der notwendigen chirur-

gischen Eingriffe der Trend der Zeir

Single-stage-Tmplantation oder trans-
gingivale Implantation sind das Resultar.
Ist dennoch ein eweizeitiges Vorgehen not-
wendig und die gedeckte Einheilung ge-
wiinsche, 1st es erklirtes Ziel der Implanto-
logen, den Zwerteingriff so klem wie mig-
lich zu halten. Laserchirurgie stelle her ei-
ne ideale Behandlungsoption dar,

Die chirurgischen Indikationen waren
die ersten zahniirztlichen Einsatagebicte,
in welchen die neu entwickelten Laser
ilren Einsatz fanden, Mittlerweile ist das
Indikationsspektrum  im  zahniicetlich-
kicferchirurgischen Sekror cbenso viel-
Fildg wie die zur Auswahl stehenden
Wellenlingen. Unzihlige Publikationen
haben sich mit verschiedensten Teil-
aspekten beschiftgr, der Hardlaser wird
in der oralen Chirorgie mittlerweile rou-
tinemifiig eingesetzt und stellt eine gang-
bare  Alternative zur konventionellen
Chirurgie dar. Mit zunehmender Bedeu-
tung der Forensik in unserem Fach ist si-
cherlich. auch auf Belange der Aufkli-
rungspilicht, den Sicherheitsaspekt (La-
serschutzbeaufragter) und die nachge-
wiesene Ausbildung in diesem Bereich
Riicksicht zu nehmen.

Die Voreeile der Laserchirurgie im Yer-
gleich zor komventionellen Chirorgie sind
dabei vielfiltig:

B Bei Verwendung des Lasers lassen sich
durch einfache Verinderung von Pulsdau-
er, durchschnirtlicher Leistung und Repe-
titionsrate miv ein und demselben Laser
villlig verschiedene Effekte orziclen, das
heife, ein Geriit gibt mehrere  Instrumen-
te” in die Hand, Schneiden, Koagulieren,
Vaporisieren und Desinfizieren des Gewe-
bes werden mit nur einem Instrument
durchgefiihrr.

B Koagulation des Wundbereiches, kom-
biniert mit einer priizisen Schnittfithrung,
die jener des Skalpells durchans vergleich-

Von DDr. Fronziska Besr, Bernhard Gottlieh Uniklinik, Wien

bar ist. Die kollateralen Nekrosezonen
sind mimimal. Dabei ist sicher zu beachoen,
dass die unterschiedlichen Laser in ihrer
koagulativen Kapazitit sehr unterschicd-
lich zu beurteilen sind.

B Meist kann selhst bei grofien Wandili-
chen aul einen chirurgischen Wundver-
schluss oder cine plastische Schleimbaut-
deckung versichrer werden. Ein weiterer
Vorteil bei der Anwendung des Lasers als
woptisches Skalpell® st die Minimierong der
Ausdehnung des postoperativen Odems.

B Schon lange ist die Bakeerizidie chirur-
gisch genureter Laser schon bei Encrgie-
dichten weir unterhally der operativen Pa-
rameter bekannt. Bereirs bei Energiedich-
tenvon 0,3-0,4]/cm’ fanden sich Hemmeo-
nen des bakeeriellen Wachsoums.”

B Dokumentiert st dic Senkung des
Sehmerzmveaus intra- und postoperatiy,
em nahezu bluungsfreies Operationsfeld
sowie eine geringe Inzidenz von Nachblu-
tungen,

B Die wiinschenswerte Reduktion der Hi-
matome und damit der Infekigefihrdung
reduziert den Antibiotikacinsate.

| Dic Anwendung des Lasers hat auch
Einfluss auf die Wundheilung. Finerseits
werden unterschiedliche Laser als soge-
nannte. Hardlaser (=,optische Skalpelle®)

orteile des Lasers

in: der Chirurgie

B Aufrechrerhaltung stenler Bedingungen

B Reduoktion von Blutungen

B Kalkulicrhare Findringnefen

B Priizision der Schnitthibrung

B Reduktion der notwendigen Instrumente

B Selten Windverschluss natweniig

¥ Schmerzreduktion intra- wod post-
Operaty

W Keine Besinersichtipung oder sogar Fore
derung der Wundheilung

B Genngere Narbenbildung

B Kestensenkung durch Marenal-, Perso-
nal- und Zenersparnis

verwendet, andererseits besteht die Mig-
lichkeit, dieselben Laser mit niedriger En-
ergie im Sinne der low level laser thera-
pv® (LLLT) oder auch Softlasertherapie
einzusetzen. Letrrere hat durch die Stimu-
lation von  Seoffwechselvorgingen  Im
Whundbereich einen positiven Einfluss auf
die Wundhetlung.

Van besonderer Bedeutung bei der Ver-
wendung des Lasers als Instrument wur
Implanmatirellegung: sind die kalkulierbare
Eindringtiefe sowie die méglichen Tmter-
aktionen mit der Implantatoberfliche. Das
Wissen um den Temperaturanstieg in ver-
schiedenen, aneinander grenzenden Ge-
weben ist von essenwieller Bedeurung fiie
die Risikominimierung thermischer Schi-
den. In der Regel zeigen die Gewebe ¢inen
linearen Temperaturanstieg mit zunch-
mender Dauer der Bestrahlung ',

Laserbeschreibung

Laser, welche eine geringe optische Ein-
dringriefe aufweisen und damit an der
Oberfliche der behandelten Gewebe sehr
hohe Effizienz seigen (somit geringe Kal-
lareralschiiden), sind fiir die Durchfiihrung
der Implantatfrellegung besonders gut ge-
eignet. Dazu gehdren der ErYAG-Laser,
der Er.CeYSGG-Laser und der COy-La-
ser. Der Er:YAG-Laser (2940nm) weist ei-
ne hohe Absorption in Wasser, hei duflerst
geringer Findringvefe in das Gewebe auf
{erwa Ipm); es gelingr die selektive Photo-
Ablation von unterschiedlichen Geweben.
Einen besonderen Stellenwert erhiile die-
ser Laser in der Implantologie; sind mit
ithm doch sowoh| die Inzisionen im Muco-
periost, Implandredlegungen als auch die
Pilothohrungen fiir Implantate prablem-
los durchfiihrbar’.

Ahmlich reagiert der ErCriYSGG-Laser
{2780nm ) mit dem Gewebe, Dieser Laser
st ahnlich dem ExYAG sowohl in der
Weichteilchirnrgic” als auch zur Bearbei-
tung von kndchernen Strukturen einsetz-
bat', Als eher junger Vertreter des chirnr-



Schrittweise Freflzgung der implantate mit
C0;-Laser, superpulsed mode, 2 W, keine Andsthese

Gingwaformer in situ, nach rwel Tagen reak-
tionstose Verhiltnisse

Gut ausgelormte Ginglva, var technischer
Yersorgung, rwischenzeitlich wurden auch die Zahne
36, 37, A7 axtrahiert, Wunden reaktionslos

Eingagliedarte technisohe Versorgung

pischen Laserspektruns hat er bereits sei-
pen Plate im klinischen Routinebérrieh
gefunden.

Bei COp-Lasern (10600nm) liegt das
Absarprionsmaximum im Bereich dersel-
ben Spekrrallinie wie das von Wasser, da-
her erfolgt der Einsatz vornchmbich m der
Weichgewebschirurgie'.

Technische Parameter

MaBigeblich fir die Prognose ist auch
die miglichst geringe thermische Alterati-
an des das Implantar umgebenden Kno-
chens, Barak et al, fanden bei Verwendung
des Coy-Lasers bis zu ciner Grenze von
W im ew-mode baw. 8W int pulsed mo-
de — beide Grenzwerte liegen deatlich
iiber der therapeunsch verwenderen Ener-
gie — keine bedenkliche "lTemperaturerhi-
hung im Bereich der Knochen/Implantat -
Grenze’, Kreisler etal. verglichen den Tem-
perituranstieg am Implantat-Knochen-In-
terface-Ti-Plasma-gesprayter  Implantate
unter Verwendung von GO, bew, Dioden-
lasers (GaAlAs), Der kndsche Treshold
wurde beim Diodenluser bei 2,5W nach 8
sek erreicht, nach 13 sek bei 2,00Wnach 18
sek bei L3W. Der €O, Laser erreiche die
kritische Temperatur erwas spiter (13 sek -
2.5W; 23 sek = 2,0W;35 sek - 1,5 W) Ob-
wohl bel Verwendung von Sundardpara-
metern der zeitliche Spielranm relativ grofi
erscheint, st Rijcksiche auf ¢ine miigliche
Schidigung des Knochens zu pehmen’,
Die Temperaturverinderungen an der Tm-
plantat=-Knochen-Grenze  untersuchren
Kreisler et al. auch anhand von Ti-plasma
sprayed, sandgestrahleen und geiitzren Tm-
plantatoberflichen fur den Er:YAG Laser;
ber Verwendung von Energien von 6ih-120)
m] und 10 pps. Selbst bei unumerbroche-
per Bestrahlung fiir 120 Sekunden iiber-
schritt die “Temperatur nie die Grenze von
47°C, welche von den Autoren als kritisch
angesehen wurde”. Bevorzugt bleibr der
CO, Laser, falls eine sehr dicke mucope-
riostale Schicht zu durchtrennen ist und
die himostatische Potene des CO-Lasers
gewiinscht wird”. Arnabat et al. verwenden
firr Second-stage-Eingriffe den Er,Cr
Y5GG-Laser in der Implantologie.

Die Implanearfreilegung ist ohne Anis-
thesie moglich; sie beobachten eine kom-
plette Wundheilung nach nur finf Tagen
und damit ideale Vorausserzungen fiir eine

00r Franzicks Bear
Bernbard-Gottliel-Unroersitits-
zalinkdimik, Waen

Bemmed — interdisziplinirer Zen-
trwnr fitr duseronierstiizte Medi-
=it wnied Zalmwredizin, Ween
SOLA-Tnternativnal Laser Avacdemy, ofa
FMLA, Wien

E franziskadbeer@meduncanien.ac

rasche prothetische Viersoroung'

Conclusio

Die Verwendung des Lasers im Rahmen
der Seeond-scage-Chirurgie in der Tm-
plantologie stellt keineswegs eine andere
Art der Chirurgie dar, sie gibt uns lediglich
ein neves, sehr wertvolles Instrument in
die Hand, welches bei sachgerechier An-
wendung filr mehr Padentenkomfort, ra-
schere chirurgische Intervention und ein
dsthetisch sehr anspruchsvolles Ergelinis
Earantiere. =
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) Laser ist das Akronym fiir Light Amplifica-
tion by Stimulated Emission of Radiation
(= Lichtverstarkung durch Induzierte
Emission). Bereits 1917 beschrieb Albert
Einstein die stimulierte Emission. Prak-
tische Umsetzung fand diese Theorie
jedoch erst 1960 durch den Amerikaner
Theodore Maiman, der den ersten Laser,
einen Rubinlaser, baute. Inzwischen haben
sich Laser fiir unzahlige Anwendungsge-
biete in technischen und medizinischen
Bereichen erfolgreich durchgesetzt. Hierzu
gehoért auch der medizinische Bereich.
In der Alilgemeinmedizin werden Laser
hauptsachlich zu Diagnosezwecken, z. B.
fiir die Messung von Blutstrom und -zirku-
lation, eingesetzt. In der Augenheilkunde
beispielsweise werden mithilfe von Lasern
sich ablésende Netzhaute wieder mit dem
Augenhintergrund verschweift. Haufige
Anwendung finden Laser in den verschie-
densten Fachrichtungen nicht nur als Skal-
pellersatz - so auch in der Zahnmedizin.

Vor allem in den letzten zehn Jahren wurde die
Entwicklung von Lasern fiir zahnmedizinische Be-
handlungen erfolgreich vorangetrieben. Dr. Hubert
Stieve ist seit 2004 Uberzeugter Laser-Anwender
und diesbeziiglich auch als Referent titig. Seine
1976 in Rendsburg gegriindete Praxis trigt mitt-
lerweile den Namen ,,Laserzentrum und Praxis fiir
Zahnheilkunde®.
dungsmoglichkeiten von Lasern voll ausgeschopft.

Hier werden simtliche Anwen-

Dr. Stieves Interesse an digitalen Technologien fiir
die Zahnheilkunde zeigt sich auch daran, dass er un-
ter anderem Mitglied der Deutschen Gesellschaft
fir Computergestiitzte Zahnheilkunde (DGCZ),
der Academy for Computerized Dentistry of
North America (ACDNA), der Academy of Laser

Mit der Kraft des Lichts

Redaktion

Dr. Hubert Stieve ist begeisterter Laser-Anwender.

Dentistry (ALD) und der European Society of Oral
Laser Application (ESOLA) ist.

Laser ist nicht gleich Laser

Laserlicht bewirkt eine gezielte Gewebeinter-
aktion. Je nach maximaler Absorption durch die
Chromophore (Teil eines Farbstoffs, in dem anreg-
bare Elektronen verfiigbar sind) koppeln Laser an
verschiedenen Geweben unterschiedlich an. Die di-
versen Laserwellenliangen beziehungsweise -typen ha-
ben jeweils abhingig von beispielsweise Wassergehalt
und Pigmentierung unterschiedliche Auswirkungen
auf das Zielgewebe. Deshalb kann nicht ein einzelner
Laser fiir alle dentalmedizinischen Behandlungen ge-
eignet sein.

Laser werden hidufig in harte und weiche Laser
unterteilt. Bei Letzteren handelt es sich um soge-
nannte Softlaser, mit denen kein Gewebeabtrag be-
wirkt werden kann. Die harten Laser umfassen so-
wohl Hartgewebe- als auch Weichgewebelaser. Um
Missverstandnisse zu vermeiden, empfiehlt sich die
Unterscheidung von Hartgewebe-, Weichgewebe
und Therapie- beziehungsweise LLLT-Lasern (Low-
Level-Light-Therapie).
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Therapielaser

Im Laserzentrum ist der Einsatz von Lasern
fest in den alltiglichen Arbeitsfluss integriert. The-
rapielaser werden vor, wihrend und nach chirur-
gischen Eingriffen verwendet, da sie die Mikrozirku-
lation, das heift den Zellstoffwechsel, anregen und
schmerzreduzierend wirken. Daher eignet sich ihr
Einsatz auch beispielsweise bei akuten Kiefergelenk-
beschwerden. Patienten, die an Herpes leiden, emp-
fiehlt Dr. Stieve, gleich nach Auftreten der ersten
Symptome in Form von Juckreiz das Laserzentrum
aufzusuchen, da durch die Lasereinwirkung der Aus-
bruch des Herpes unterbunden und eine schnelle
Heilung geférdert werden kann. AuBerdem wird
im Rahmen der Parodontitis-Behandlung eine so-
genannte fotoaktivierte Desinfektion durchgefiihrt.
In die Zahnfleischtaschen wird eine Farblésung ap-
pliziert, die von den Bakterien wihrend einer Ein-
wirkzeit von etwa einer Minute aufgenommen wird.
Dann erfolgt eine rund einmintitige Bestrahlung pro
Parodontium mit einem Therapielaser mittels feiner
Lichtfaserleitern bei einer Wellenlinge von 660 nm,
durch die sich der Sauerstoff in der L6sung abspaltet.
Da die Leitkeime Anaerobier sind, werden sie durch
den Sauerstoff abgetotet — eine duBerst minimalin-
vasive und fiir die Patienten angenehme Methode.
Auch schwierige und konventionell therapieresisten-
te Fille konnten laut Dr. Stieve im Laserzentrum auf
diese Weise schon erfolgreich behandelt werden. In
der Endodontie werden Diodenlaser (Wellenlinge
810 nm oder 980 nm) zur Dekontamination der Ka-
ndle und Seitenkandle nach klassischem ,,shaping and
cleaning” verwendet. Dr. Stieve: ,,Die Wirkung des
Laserlichts reicht deutlich weiter als die herkémm-
liche Spiilung mit NaHCI wie Untersuchungen von
Gutknecht und anderen gezeigt haben. Die elastische
Spitze aus Glasfaser kann leicht in den Wurzelkanal
eingefiihrt und das Licht vom Apex aufsteigend nach
koronal appliziert werden.” Weitere Einsatzmoglich-
keiten von Diodenlasern sind das ,Kiirettieren* von
Weichgewebe, die Entfernung von Reizfibromen,
das praprothetische Durchtrennen von hochanset-
zenden Bandern beziehungsweise die Trocknung des
Sulcus vor Abdrucknahme etc.

Dr. Stieve verfiigt in seinem Laserzentrum iiber
verschiedene Therapielaser wie unter anderem

den LABpen® MED 50 (Medizin Technik Behounek,
A-Graz) und den LASOTRONIC Med-200 DUO
(LASOTRONIC, H-Budapest). Der LABpen® MED 50
arbeitet mit einer Leistung von 50 mW und mit der
Wellenlinge 660 nm. Nur bei dieser Wellenlinge
wird Sauerstoff abgespalten. Der LASOTRONIC
Med-200 DUO bietet sowohl die Emittierung von
sichtbarem roten Licht (Wellenlinge 660 nm) als
auch von unsichtbarem infrarotem Laserlicht (Wel-
lenlinge 805 nm) und somit zwei unterschiedliche
Eindringtiefen.

LABpen MED®

Softlaser

Im Laserzentrum kommen verschiedene Therapielaser
zum Einsatz, unter anderem der LABpen® MED 50.

Weichgewebelaser

CO,- beziehungsweise Gaslaser sind Weichge-
webelaser. Sie werden auch als ,,Laser der Chirurgen®
bezeichnet und sind schon seit den 1970er Jahren im
Einsatz. Je nach Bedarf kann mit ihm Weichgewebe
sowohl geschnitten als auch flichig abgetragen wer-
den — und dies blutungsfrei. Aufgrund von fokussier-
tem Energieeintrag und eng begrenzter Tempera-
turerhohung wird das Weichgewebe verdampft und
die Blutgefisse werden verschlossen. Daher muss
bei der Behandlung von Lippen- und Zungenbind-
chen mit einem Laser nicht — wie nach Verwendung
eines Skalpells erforderlich — gendht werden. Der
Fokus befindet sich beim CO,-Laser (Wellenlinge
10.600 nm) | mm vor der Spitze des Handstiicks.



Wird der CO,-Laser defokussiert angewendet, kann
flichig koaguliert oder abgetragen werden.

Warze am rechten Oberlippenrand einer 45-jdhrigen
Patientin.

s ! ' ‘ - |
Es erfolgte eine Oberflaichenanasthesie mit EMLA Creme
(AstraZeneca, D-Wedel), eine ortliche Infiltrationsands-
thesie und dann die Excision der Warze mit einem CO,-
Laser bei 3 Watt CW Superpulsed. Die Dauer des Eingriffs
betrug etwa zwei Minuten.

Hartgewebelaser

Er:YAG-Laser, also Hartgewebelaser, die eine
Wellenlange von 2.940 nm aufweisen, bieten zahl-
reiche Anwendungsmoglichkeiten. Hierzu gehéren

elexxion - powered by technology

beispielsweise Kavititenpraparation, Schmelz-Kondi-

tionierung, schonende pulpennahe Priparation, Wur-
zelspitzenresektion, Knochenablation und Entfernung
karioser Defekte. Die Kariesentfernung durch Laser
ist fir den Patienten sehr viel angenehmer als mit her-
kémmlichen Bohrern, da Vibration und Wairmeent-
wicklung wegfallen. Bei Frontzihnen kann in circa 70 %
der Fille auf eine Andsthesie verzichtet werden. Durch
die Einwirkung des Er:YAG-Lasers wird das interkris-
talline beziehungsweise interstitielle Wasser, das auch
in Schmelz und Dentin enthalten ist, so erhitzt, dass es
schlagartig verdampft. Durch die plotzliche Volumen-
zunahme wird die Hartsubstanz-Struktur auseinander-
gerissen und herausgeschleudert. Da kariéses Dentin
einen héheren Wasseranteil als gesundes aufweist, fin-
det auf diesem Wege eine selektive, minimalinvasive
und schonende Exkavation statt. Gleichzeitig erfolgt
durch die Wasserdampfbildung eine Keimreduktion im
betreffenden Dentin. Die Gefahr einer rezidivierenden
Karies wird somit reduziert. Amalgam- und Goldver-
sorgungen kénnen mit Lasern nicht entfernt werden.
Dr. Stieve entfernt diese daher zunichst konventionell
und wechselt anschlieBend auf den Einsatz von Lasern,
da die Karies hiermit schonend und flachig abgetragen
werden kann.

Wer sowohl Hart- als auch Weichgewebe mit
der ,,Kraft des Lichts* behandeln will, benétigt somit
mindestens zwei unterschiedliche Laser. Es bietet sich
daher an, Geridte zu erwerben die zwei Wellenldngen
bieten. Es muss dabei mit Investitionssummen zwischen
40.000,- und 60.000,- Euro gerechnet werden. Dem
Laserzentrum stehen das Er:YAG- und SuperPulse™.-
CO, Duallasersystem OpusDuo (Lumenis, D-Dreieich)
und elexxion delos (elexxion, D-Radolfzell), eine Kom-
bination aus Er:YAG- und Diodenlaser, zur Verfiigung.



Laserbehandlungen werden von den Patienten sehr gut
angenommen.

Laserschnitt mit Er:-YAG-Laser fiir Wurzelspitzen-
resektion.

Der elexxion delos bietet eine Kombination aus Er:-YAG-
und Diodenlaser.

Erstgesprach

Aber im Laserzentrum von Dr. Stieve sind La-
ser nicht die einzigen digitalen Technologien, die zum
Einsatz kommen. Mit jedem neuen Patienten wird ein
Erstgesprach gefiihrt, bei dem die Ausgangssituati-
on unter anderem durch Fotografien der einzelnen
Zahngruppen als auch durch Rontgenbilder doku-
mentiert wird. Die Fotoaufnahmen erfolgen mit einer

digitalen Intraoralkamera (Orangedental, D-Biberach)
und werden gemeinsam mit dem Patienten fiir eine
,,Co-Diagnostik* begutachtet. Hierbei hilft eine ent-
sprechende Software mit Lupenfunktion, mit der bei-
spielsweise defekte Fiillungsrander deutlich sichtbar
werden. Durch diese Methode wird bei dem Pati-
enten groBeres Vertrauen in die vorgeschlagene Be-
handlung erzielt, denn er hat mit eigenen Augen ge-
sehen, dass Handlungsbedarf besteht. Réntgenbilder
werden mit einem Geridt der Orthoralix-Serie von
Gendex (KaVo Dental, D-Biberach), das nachtriglich
digital aufgeristet wurde, erstellt. Farbausdrucke der
Fotografien und Rontgenaufnahmen werden dem Pa-
tienten nach dem Erst-Gesprich in einer Beratungs-
mappe mitgegeben. Terminerinnerungen erhalten
Patienten auf Wunsch (brigens per SMS.

Das Konzept der ,,Co-Diagnostik“ starkt das Vertrauen
des Patienten in die Behandlung.

Behandlung

Fir die Dokumentation von Behandlungen, bei-
spielsweise mit Invisalign® Alignern (Align Technology,
US-Santa Clara), transparenten Kunststoffschienen
fur kieferorthopadische MaBnahmen, wird die Digi-
talkamera Nikon D1 (Nikon, D-Diisseldorf) verwen-
det. Das Laserzentrum von Dr. Stieve ist seit Marz
2007 zertifizierte Invisalign-Praxis.

Seit 1994 haben Patienten des Laserzentrums die
Moglichkeit, vollkeramische Versorgungen in nur ei-
ner Sitzung zu erhalten. Damals begann Dr. Stieve,
mit dem CAD/CAM-System CEREC 2 (Sirona Dental
Systems, D-Bensheim) zu arbeiten. Er ist als Erprober
fir Sirona tdtig und hat daher stets Kenntnis {iber neu-
este Software-Versionen. Das Laserzentrum verfiigt
tber zwei CEREC 3D Aufnahmeeinheiten sowie iiber



Behandlungen dokumentiert.

\ Mit einer professionellen Kameraausriistung werden

die Fertigungseinheiten CEREC 3 und inLab, sodass
bei Quadrantensanierungen ein ziigiger Arbeitsfluss
gewihrleistet ist. Aktuell werden die Software-Ver-
sionen 3.04 fir CEREC und 2.6 fiir inLab verwendet.
Die Restaurationen werden aus VITABLOCS Mark I
(VITA Zahnfabrik, D-Bad Sackingen) geschliffen.
Die Individualisierung erfolgt im praxiseigenen La-

bor durch eine Zahntechnikerin, die ebenfalls in die
CAD/CAM-Verfahren eingearbeitet ist.

- -
Im Laserzentrum erhalten Patienten auch CAD/CAM-
Versorgungen.

CMD

Da der Ursprung von etwa 60 % der chronischen
Schmerzen im Kopf-, Nacken- und Schulterbereich zu-
mindest teilweise in einer Funktionsstérung des Kausys-
tems liegt, hat sich Dr. Stieve auch auf die Behandlung
von Cranio-Mandibuliren Dysfunktionen (CMD) spezi-
alisiert. In diesem Zusammenhang nimmt er beispiels-
weise eine digitale Axiografie mit CADIAX® Compact
(Gamma, A-Klosterneuburg) vor. Cadiax bietet 3D- und
Slow Motion-Ansichten sowie die grafische Darstellung
der Kurven an, wodurch sehr prazise Riickschliisse
durch den Anwender gezogen werden kdnnen.

Die digitale Befund-Aufzeichnung und Dia-
gnostik erfolgt mithilfe der Software CMDfact von
PD Dr. M. Oliver Ahlers. Diese bietet unter anderem
viele Hilfs- und Hinweisfunktionen an, sodass auch
der weniger geilibte Anwender schnell die Umsetzung
eines reproduzierbaren Befundungsprotokolls erler-
nen kann. Hat ein Patient Schienen erhalten oder
soll okklusal dquilibriert werden, erfolgt eine exakte
Analyse der zeitlichen Entwicklung der Lastvertei-
lung der Okklusions- und Artikulationskontakte mit
T-Scan lll (Cumdente, D-Tibingen). Entsprechend
dieser Analyse werden die Schienen beziehungs-
weise die natiirliche Dentition eingeschliffen. Die so
erzielten Informationen gehen weit tber das hinaus,
was mit dem Einsatz von herkémmlichem Okklusi-
onspapier und durch die Beschreibung des Patienten
erreicht werden kann.

Voll vernetzt

Im Laserzentrum stehen neun Computer und zwei
Laptops bereit, die alle untereinander sowie mit der
Heim-PC-Station von Dr. Stieve vernetzt sind. Fiir die
Praxisorganisation, betriebswirtschaftliches Control-
ling etc. wird das Praxis-Management-System Charly
(solutio, D-Holzgerlingen) eingesetzt. Businessplan
und Controlling der Praxis werden mithilfe des Unter-
nehmens Dent-Vision (D-Rendsburg) und deren Spezi-
alsoftware durchgefiihrt. Dr. Stieve wird in allen Hard-
ware-, Software- und Administrationsfragen von einem
IT-Berater unterstiitzt. Auch von seinen Mitarbeitern
wird die Auseinandersetzung mit digitalen Technolo-
gien erwartet. Jede Zahnmedizinische Fachangestellte
im Laserzentrum hat mehrere Schwerpunktbereiche,
die beispielsweise auch die Stuhlassistenz bei Behand-
lungen mit CEREC oder Lasern, die Vorbereitung oder
Durchfiihrung von T-Scans sowie die Assistenz bei der
digitalen Axiografie mit Cadiax umfasst. 1

Kontakt

Laserzentrum und Praxis fiir Zahnheilkunde
LancasterstraBe 42

D-24768 Rendsburg

Tel.: +49 (0) 43 31 /52 05

Fax: +49 (0) 43 31 /54 00
info@digital-dentistry.com
www.digital-dentistry.com
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Abstract

Purpose :

Dental soft tissue surgery by diode lasers in cw- mode often causes carbonization of the
tissues with following necrosis and a delay of wound healing.

In vitro studies have already shown, that superpulsed diode laser surgery has much less
disadvantages for the tissues in histological approach.

Purpose of this study is to investigate in vivo, if superpulsed mode of operation can realize

an improvement for surgeon and patient in soft tissue surgery.

Materials and methods :

26 patients were treated by diode lasers in different modes of operation for soft tissue
surgery. 12 patients were treated by superpulsed Elexxion Claros diode laser :

810 nm; 10- 50 W Ppeak; 10- 20 us pulse duration; 12000- 20.000 Hz; 400 ym fiber

and 14 patients were treated by Vision MDL-10 diode laser : 980 nm; 2,5 W; cw- mode
and also 400 ym fiber.

Clinical treatment was documented by photos and questionnaires for patients and
surgeons. Questions concerned: carbonization, coagulation, cutting speed, pain, swelling,
bleeding, need for drugs, functional reduction and fibrine layer on wounds- during

treatment, directly after treatment, after 1 day, after 3 days and after 1 week.

Results :

The clinical observations and the questionnaires showed in most cases significant
differences between cw- mode and superpulsed diode laser treatment in surgery.
There was less carbonization in the superpulsed group.

The cutting speed was higher and the cut itself more defined and deeper by using
superpulsed mode.

Superpulsed laser treatment had a shorter healing time than cw- mode treatment; the
fibrine layer was build faster and also the removal of it was faster.

There was often no swelling after superpulsed diode laser treatment; and if a

swelling occured it was smaller and quicker gone as in cw- mode treatment.



The duration of pain was shorter and the amount of pain smaller in the superpulsed group,
therefore the patients in the superpulsed group needed less analgetic drugs.
There was less functional reduction in time and amount for the superpulsed group.

Only coagulation ability was better in the cw- mode group.

Conclusion :

Clinical studies have shown that superpulsed diode laser surgery is superior to continuous
wave done treatment. Carbonization and thermal damage of the tissues can be reduced to
a minimum, therefore healing is faster as in cw- mode surgery. Generation of a soft tissue
cut is faster and more precise. Patients have less pain; in amount and time period. The
need of drugs is reduced. There are less functional restrictions and there is less swelling.
The advantages of superpulsed mode of operation for soft tissue diode laser surgery are

evident. Continuous wave mode should no longer be implemented in diode laser surgery.



1. Introduction

1.1 Diode lasers

Diode lasers are semiconductors, mainly with GaAs compounds and mixed crystals.
The composition of the mixed crystals, the kind of GaAs compound and the temperature
determine the wavelength. In diode lasers the laser beam is generated directly at the p-n
junction out of electrical energy; no arc- or flashlamps are needed for pumping, therefore
the efficiency is about 35- 50 % (76,141).

Setup of diode lasers

optical resonator

slow

metal contact . axis

isolation

p-region

n-region

mounting
fast

axis

( Meister J,Franzen R: Diode Lasers, Aachen Institute for Laser Dentistry, M4, ED2006 )

There are no real resonators in common sense, the dimensions are particularly small

(0,1 dm3/ kw ). Because of the slit- diffraction at the p-n junction of the semiconductor the
beam profile is elliptical and highly divergent. It has to be collimated before use. The
output power from a diode is only in the mW region, so several diodes have to be arranged
in arrays, bars and stacks to achieve an output power in the W range.

The focussed intensity can reach 104- 108 W/ cmz2.



Diode lasers for dentistry operate in the near infrared region. The most commonly used
wavelengths are 810, 940 and 980 nm (141), because these wavelengths are very well
absorbed by pigmented tissues, haemoglobine and melanin, which makes the diodes
suitable for soft tissue surgery, endodontics, periodontics and LLLT (57,72,141).

The history of diode lasers started 1962 with the first GaAs diode laser, 840 nm, pulsed in
fluid He or N2. It was developed by IBM, General Electric and Lincoln Laboratories.(155).
The first red diode laser was introduced.

1966 the first fiber to guide the laser beam was created.

In 1970 the Bell Laboratories produced the first cw- mode diode laser (155).

In 1995, on the IDS, the first diode laser for dentistry was shown. It was an 810 nm diode
laser with cw mode. (133). Peak power was 6 W.

1999 diode lasers with 10- 15 W followed.

2000 a short pulsed diode laser with 810 nm, 20 W, 50 us pulse and an average power of
2,0- 6,7 W was introduced, which showed a faster cutting and only 50 % of the necrosis
zone of an cw- mode diode laser. (156).

2002 the peak power reached 30 W with a pulse duration of 9 us, a frequency of 20000 Hz
and a limited average power of 10 W. Today frequencies up to 30000 Hz and peak powers
of 50 W are possible. To gain a sufficient result the peak power has to be more than 8 W in
this case. (141).

During the first years of diode laser treatment in dentistry only cw mode was possible.
Several studies at that time showed that cw mode and 1 W was enough to reach a
bactericidal effect on and in roots and root canals, so as on implant surfaces.

(13- 16,51,88,106,118,120,156). Application of 3- 4 W in cw mode led very fast to
carbonization of the soft tissue; the carbonization caused higher absorption followed by a
heavy thermal damage and necrosis of the tissue. (71,146,149,150,156).

To approach better results in soft tissue treatment without much carbonization it was
necessary to interrupt the cw mode. That was done by chopping the cw mode. Pulses
down to several 100 us were realized. (141,97,145). The peak power of the pulses was in
fact not higher than the peak power of the cw mode pulse, but the applied dose was

decreased and the carbonization and thermal damage was reduced.



Operation modes of a diode laser

« Continuous wave mode

Timels

= Pulsed mode (Chopped mode)

o - digital control

Power /| W
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( Meister J,Franzen R: Diode Lasers, Aachen Institute for Laser Dentistry, M4, ED 2006 )

A further progress were pulse durations of 9 us, a frequency of 20000 Hz and a peak
power of 50 W, which could only be generated by DPL (digital pulse technique).

Using these parameters could generate a fast, sharply edged cut nearly without thermal
damage of the surrounding tissue and only minimal carbonization at the cutting edges.
(17,24,26,34,35,109,153,154,156).

To make a statement about the laser - tissue interactions something about the general
mechanisms of laser irradiation has to be said.

If a laser beam hits the tissue surface 4 different effects can be noticed. (67,68)

1. Reflection

2. Transmission

3. Scattering

4. Absorption

Very important for a surgical effect on the tissue is the absorption of laser light. The kind of
tissue and the wavelength are essential for absorption. There are some more factors been
involved in laser- tissue interactions, so as the frequency, the dose applied, the pulse
duration, power density and very important: the mode of operation ( cw, pulsed,
superpulsed ) which is a main question of the in vivo studies done here.

Dependend on the just mentioned factors there are different effects to be watched in the
tissue. (52,67,68,151,152)



Photodynamical effects

Photochemical effects

Thermal effects
(34,64,67,68,71,146,147,148,149,150,151,152)

T= 40- 60 °C: oedema, functional imbalance of metabolism
(up to 50°C reversibel )
T=60- 100°C: denaturation of the proteins, coagulation, contraction
because of dehydration
T>100°C : disruption, evaporation of water, ablation
T>150°C: vaporisation, ablation
T>300°C: carbonisation
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( Franzen R, Meister J: Dosimetry. Aachen Institute for Laser Dentistry, M3, ED 2006 )



1.2 Diode lasers in dentistry

As mentioned above diode lasers were used in dentistry since1995.

Mostly with a wavelength of 810 nm. Later the wavelength 980 nm follows and recently a
wavelength of 940 nm is in progress.

In comparison to other lasers the diodes are more economical, the construction is more
simple, laser light is generated directly from electrical energy, service periods are rare

( maintainance only in intervals of 10000 hours ) and the efficiancy is high. The laser beam
is guided through a quarz- fiber, which makes it easier to reach problematic zones in the
oral cave. Unfortunately diode lasers are only applicable in soft tissue procedures,
endodontics, periodontics and LLLT, but not practicable for the ablation of hard tissues.
In soft- tissue treatment the diode lasers have similar effects than the Nd:YAG laser, which
is not so far away regarding to the wavelength ( 1064 nm ).

Diode lasers are established in endodontical treatment because of the good bactericidal
effect ( 2,13-15,26,28,29,57,72,98 ).

Diodes are implemented in periodontal treatments and periimplantitis to remove
granulated tissue and to sterilize the surface of root and implant
(2,11,13,16,18-23,40,50,57,60,72,80,82,85,104,105,134-136,139,140,144).

Also in little surgery diodes are used because of several advantages:

- efficient cutting

+ good haemostasis

« nearly without bleeding and therefore good visibility of the op site

« mostly no sutures needed

+ no or only small post op oedema

« bactericidal effect

« pain reduction post and intra op treatment

+ No secondary bleeding

« precision of cut

- calculated depth of cut

- reduced application of drugs (antibiotics, analgetics..)

- only minimal destruction of adjacent tissues

« uncomplicated handling



« high patient acceptance

- low level of scar forming

+ use on patients with haemorrhagic diathesis without or only with little substitution

« good handling due to fiber optics

« reduction of needed instruments ( change of parameters- different effects )

- treatment duration shorter ( no suture, not often change of instrument..)

« biostimulation of the surrounding tissue
(1,3-10,12,17,25-27,30-39,42-49,57-69,72,74,77,81,86-89,91-97,106,
109-114,116,119-132,138,141,142,145-154,156)

In the beginning soft tissue surgery by diodes was limited because of the low peak powers

and the cw- mode as only mode of operation. The doses which were applied to the soft

tissue led very fast to carbonization, thermal damage and necrosis of the tissue if the

power exceeds 3-4 W in cw- mode. To achieve a better result the dose had to be reduced.

This can be done by decreasing the power, but then there will be no sufficient cutting
ability. Another way is to shorten the treatment time, or to split the continuous wave into

pulses; and change the frequency of the pulses.

By using mechanical shutters the cw- mode of the diode was changed into a chopped
mode, the dose was reduced, but the peak powers of the pulses equaled the peak powers
of the cw- mode. Carbonization was reduced for a certain degree but no efficient cutting
could be done. The peak power of the pulses was not sufficiently high enough. So the
management of the pulses was changed from mechanical to digital. (DPL). Now very short
pulses with high peak powers could be generated to avoid carbonization and thermal
damage as good as possible. Several studies in the recently past years have shown, that
short pulses with high peak powers could generate a much better result than lower powers
with longer pulse duration. (17,24,26,34,35,109,153,154)

Already Bach et al. (109 ) could show 2008 in vitro, that different modes of operation; cw-
pulsed- superpulsed; led to different effects.

Result of the study was the suggestion that cw- mode diodes should no longer be used in

soft tissue surgery because of the high amount of thermal damage and necrosis of the



adjacent tissue. The superpulsed diode had much less carbonization and thermal damage
as side effect. Interestingly 980 nm and 810 nm diodes have been used in that study-- but
histologically there was no difference between the 810 nm and 980 nm diode; only the
mode of operation was responsible for the grade of cell damage.

Case reports of Maiorano et al. ( 153 ) from 2006 could show in vivo that superpulsed
diode lasers caused only minimal involvement of the adjacent tissue during surgery, that
there was a clean cut without thermal side effects, but still coagulation. Result was an
excellent postoperative condition with minimal swelling and pain.

Until now there are unfortunately no clinical or in vivo studies to show the different results
of diode laser soft tissue surgery with different modes of operation. Theoretically the
difference in treatment results with cw- mode and pulsed is comprehencible; in vitro it is
shown already ( 109 ) but in vivo it is still unproven. It would be very nice to have no more
carbonization during surgical treatment, because carbonization causes a higher grade of
absorption and due to that a higher thermal damage of the tissue, which will lead to more
discomfort of the patient and a delayed wound healing.

Therefore it is a major task of this thesis to answer the question if highly pulsed diode
lasers are more suitable for soft tissue surgery than cw- mode diode lasers and how the
achievable results differ.

Of course a number of noticed parameters in the following study, so as patient’s pain,
influence on oral hygiene, reduced masticatory or lingually function etc. are subjective

criteria, but at least it can show a tendency for the right direction to go.



2. Materials and methods

Within a period of 5 months 26 dental surgery treatments have been done by diode laser.
Predominantly simple laser cuts, but also removal of hyperplasia and fiboromas, exposure

of teeth and implants, abscess incision and gingivo- and vestibuloplasty.

14 patients have been treated by Vision MDL-10 diode laser :
- Vision Lasertechnik GmbH, Ligensteinweg 27, 30890 Gdxe, Germany




+ cw- mode or 20 Hz mode
« max. 2,5 W

+ 200 ym and 400 pym fiber
« 980 nm

All procedures have been done with: cw mode; 2,5 W; 400 pm fiber

Treatment Ppeak Mode
Single cut (4x) 25W cw
Incision abscess (1x) 25W cw
Hyperplasia (1x) 25 W cw
Exposure implant (3x) 25W cw
Exposure tooth (1x) 25W cw
Fibroma (2x) 25W cw
Gingivoplasty (1x) 25W cw
Vestibuloplasty (1x) 25W cw




12 patients were treated by Elexxion Claros diode laser :

- Elexxion AG, SchutzenstraBe 84, 78315 Radolfzell, Germany
« 810 nm

« 10 mMW-50 W Ppeak

« 2,5 us- cw pulse duration

+ 200 ym, 300 pym, 400 ym and 600 ym fiber

- digitally superpulsed ( 8- 20.000 Hz )



Treatment Ppeak Frequency Pulse duration Pavg
Single cut (3x) 50,0 W 20.000Hz |11 s 11,0 W
Incision abscess (2x) 10,0 W 20.000Hz |20 us 40W
Hyperplasia (1x) 50,0 W 12.000 Hz |10 pus 6,0 W
Frenectomy (1x) 15,0 W 20.000Hz (16 pus 48 W
Exposure implants (2x) 15,0 W 15.000Hz |10 us 2,25 W
Exposure tooth (1x) 25,0 W 15.000Hz |10 us 3,75 W
Fibroma (2x) 50,0 W 12.000Hz |10 yus 6,0 W

All treatments have been done with the 400 ym fiber for better comparison.

Both lasers have been used with fibers in contact to tissue.

The fibers had been under permanent control for tidiness, because contaminated fibers
decrease the applied energy, the cutting speed drops down, the treatment time prolongs
and more thermal energy is given to the tissue (145).

After sufficient anesthesia, for abscess incision only superficial, in all other cases
infiltration anesthesia, the treatment was done in consideration of the laser safety
directions given for laser treatment of class 4 lasers.

Before, during and directly after laser treatment photos were taken and the patients had to
fill in a questionnaire. Another questionnaire had to be done by the surgeon. 1 day, 3 days,
1 week, 2 weeks and sometimes 3 month later there was a recall to control the op sites
clinically and to take some more photos. The patients had to fill in their questionnaires until
1 week after surgery. Asked subjects were intra- and postoperative pain, need of analgetic
drugs, difficulties in oral hygiene or mastication. The surgeons questionnaire asked about
cutting speed of the laser, bleeding intra- and post op, swelling, carbonization, coagulation

and fibrine layer covering. Time schedule was the same as for the patients.



elexxion - powered by technology

(Questionnaire

for patient

Name: Subject : Laser treatment

During laser treatment :

No pain Unbearable pain

Directly after laser treatment :

No pain Unbearable pain

1 day after laser treatment :

No pain Unbearable pain

3 days after laser treatment :

No pain Unbearable pain



selected surgery studies

1 week after laser treatment :

No pain

Analgesic drugs needed :

only 1 day 3 days the first week

Reduced masticatory or lingually function :

only 1 day 3 days the first week

Difficulties in oral hygiene :

only 1 day 3 days the first week

Unbearable pain

more than a week

more than a week

more than a week



(Questionnaire

for surgeon

Name: Subject : Laser treatment

During laser treatment

Speed of cutting

very slow slow fast very fast

Carbonization

no carbonization little carbonization carbonization heavy carbonization
Coagulation
no coagulation little coagulation good coagulation very good coagulation

Directly post OP

Bleeding

No bleeding little bit bleeding heavy bleeding



selected surgery studies

1 day post OP

Bleeding

. .
No bleeding little bit bleeding heavy bleeding

Turgor, swelling

. .

No swelling little swelling swelling large swelling
Fibrine layer :

. .

No layer small region mostly covered completely covered

3 days post OP

Bleeding :

. .

No bleeding little bit bleeding heavy bleeding



Turgor, swelling :

No swelling

Fibrine layer :

no layer

1 week post OP

bleeding

little swelling

small region

swelling

elexxion - powered by technology

.

swelling large swelling

.

mostly covered completely covered

fibrine layer



As already mentioned in the introduction the purpose and aim of this in vivo study is to
show, that superpulsed diode lasers are more suitable for oral surgery than cw- mode
diode lasers, because it is expected that there is nearly no carbonization and thermal
damage of the adjacent soft tissue because of the very short pulse durations, the high
peak power and high frequency.

Until now there are not enough data from in vivo studies available to support the supposed
results, but in vitro studies already came to a similar resume.

(24,34,35,109,132,153)

The diode lasers used in this study are not of the same wavelength; on the one hand
there is an 810 nm diode ( Elexxion Claros ) on the other hand a 980 nm diode

( Vision MDL- 10).

According to the wavelength it must be said that normally there is a stronger thermal effect
using the 980 nm diode (72) but as shown in a recent in vitro study (109) from 2008, the
mode of operation is much more responsible for the clinical results on soft tissue as the

diode’s wavelength.



3. Results

3.1 Clinical results

To show the visual results of a soft tissue surgery treatment by diode laser in cw and
superpulsed mode 2 similar cases were taken as example for all clinical cases. Treatment
procedure was the same in both cases and the local sites were comparable.

In both procedures a fibroma was removed out of the inner lip.

Once on the right and once on the left side of the lower jaw.

For better comparison it would have been perfect if both treatments had been done on the

same patient, but there was no such case during the investigation period.

3.1.a 1st case : as example for Vision MDL- 10; cw

Removal of fibroma by Vision MDL 10 diode laser:

980 nm; cw mode; 2,5 W; 400 um fiber; contact mode

Female patient, 60 years old, hypertonia. No other general deseases.
18, 15, 25, 28, 36, 48 missing. Bridge 14- 16.

Fair oral care. General horizontal loss of bone. No periodontal problems.

Patient was often sucking on the fibroma.

Fibroma was situated at regio 43, inner lip. Diameter about 8 mm.

After little infiltration anesthesia with Ultracain DS® the fibroma was removed under

permanent tension with the 400 ym fiber in contact.



Before treatment.

During treatment ( 980 nm; cw; 2,5 W; 400 um fiber )



Because of the good absorption of the 980 nm wavelength in melanin and haemoglobine

there was a sulfficient cutting ability and no bleeding.

Directly after treatment.

The treatment procedure took a little longer because the cutting speed of the 980 nm
diode in cw mode with only 2,5 W peak power was slow.

No bleeding because of the very good coagulation of the 980 nm diode,

but strong carbonization of the soft tissue was seen.

No sutures needed.

There was no pain or discomfort for the patient during the surgical procedure.

1 day after surgical treatment no secondary bleeding, but a little swelling and a fibrine
layer that covered the wound was seen. The patient had no pain but the mastication,

the lingual function and the oral hygiene was influenced.



1 day after surgical treatment.

3 days after surgical treatment

No bleeding, a little swelling and a fibrine covered wound was seen.

The patient had no longer functional limitations. No pain.



1 week after treatment

No bleeding and no more fibrine layer was seen.

3 months later. No rezidiv. Total recovery. No scar.



3.1.b 2nd case : as example for Elexxion Claros; superpulsed

Removal of fibroma by Elexxion Claros diode laser.

810 nm; 50 W Ppeak, ; 12000 Hz; 10 us pulse duration; 6 W Payg ;

400 pym fiber; contact mode

Female patient, 72 years old, diabetic disorder. No other general deseases.

18- 28, 38- 35, 32-48 missing.

Total upper denture. Lower partial denture with clasps at 33, 34.

General horizontal and vertikal loss of bone. Fair oral care.

Fibroma was situated at regio 35, inner lip, lower jaw. Diameter about 11 mm.

After sufficient anesthesia with Ultracain DS® the fibroma was removed under good

tension with the 400 ym fiber in contact.

Before treatment ( little bleeding spot from injection of anesthesia )



During treatment
(810 nm; 50 W Ppeak; 12000 Hz; 10 us pulse; 6 W Payg; 400 um fiber )

No bleeding because of good coagulation of 810 nm wavelength (good absorption in
haemoglobine and melanin).
Extremly fast cutting speed because of high power, short pulses and high frequency.

The patient felt no discomfort or pain during the surgical treatment time.

Directly after treatment no bleeding of the wound, no sutures needed.

Good coagulation and only a little carbonization zone was seen.



Directly after treatment

1 day after treatment



3 days after treatment

No bleeding, no swelling. Wound is completely covered by fibrine layer.

Patient had no discomfort or pain.

1 week after treatment

No bleeding, no swelling, partial fibrine layer. Patient without any discomfort.



2 weeks after treatment

Nearly full recovery. Only a little impression of the soft tissue remained.

No rezidiv, no scar. Healing much quicker than with cw diode laser.




4. Results of guestionnaires

In total there were 52 questionnaires to analyse.

26 from the patients and 26 from the surgeons.

4.1 Patient's questionnaire :

4.1.a VISION MDL- 10 treatment = 14 patients; cw

During laser treatment

All patients felt no pain during laser treatment ( 100 % )

Directly after laser treatment

All patients without any pain ( 100 % )

1 day after laser treatment

Number of patients Pain: scale 0- 9 Percentage of total
number of patients
3 0 (no pain) 21,43%
3 1 21,43%
5 2 35,71%
2 3 14,29%
1 7 ( strong pain) 7,14%




3 days after laser treatment

Number of patients Pain: scale 0- 9 Percentage of total
number of patients
10 0 (nopain) 71,43%
3 1 21,43%
1 7 ( strong pain) 7,14%

1 week after laser treatment

Number of patients Pain: scale 0- 9 Percentage of total
number of patients
13 0 92,86%
1 5 7,14%

Analgesic drugs needed

Number of patients Analgesic drugs needed Percentage of total
number of patients
8 No 57,14%
5 Yes, 1 day 35,71%
0 Yes, 3 days 0%
1 Yes, 1 week 7,14%




Reduced masticatory or lingually function

Number of patients

Time of reduction

Percentage of total
number of patients

0 No reduction 0%

4 1 day 28,57%
8 3 days 57,14%
1 1 week 7,14%
1 more than a week 7,14%

Difficulties in oral hygiene

Number of patients

Time of handicap

Percentage of total
number of patients

0 No 0%

5 1 day 35,71%
8 3 days 57,14%
0 1 week 0%

1 more than a week 7,14%




4.1.b ELEXXION CLAROS treatment = 12 patients; superpulsed

During laser treatment

All patients felt no pain during laser treatment. ( 100 % )

Directly after laser treatment
All patients without any pain ( 100 % )

1 day after laser treatment

Number of patients Pain: scale 0- 9 Percentage of total
number of patients
5 0 (no pain) 41,67%
3 1 25%
3 2 25%
1 3 8,33%

3 days after laser treatment

Number of patients Pain: scale 0- 9 Percentage of total
number of patients
8 0 (no pain) 66,67%
4 1 33,33%

1 week after laser treatment

Number of patients Pain: scale 0- 9

Percentage of total
number of patients

12 0 (no pain)

100%




Analgesic drugs needed

Number of patients Analgesic drugs needed Percentage of total
number of patients
8 No 66,67%
3 Yes, 1 day 25%
1 Yes, 3 days 8,33%

Reduced masticatory or lingually function

Number of patients Time of reduction Percentage of total
number of patients
2 No reduction 16,67%
4 1 day 33,33%
6 3 days 50%

Difficulties in oral hygiene

Number of patients Time of handicap Percentage of total
number of patients
1 No 8,33%
5 1 day 41,67%
6 3 days 50%




4.2. Surgeon's questionnaire

4.2.a VISION MDL- 10 treatment = 14 patients; cw

During laser treatment

Speed of cutting was all time low ( 100 % )

Carbonization

Number of patients Degree of carbonization Percentage of total
number of patients
0 no carbonization 0%
2 little carbonization 14,29%
7 carbonization 50%
5 heavy carbonization 35,71%
Coagulation
Number of patients Degree of coagulation Percentage of total
number of patients
0 no coagulation 0%
0 little coagulation 0%
8 good coagulation 57,14%
6 very good coagulation 42,86%




Directly post op

Number of patients

Degree of bleeding

Percentage of total
number of patients

11

no bleeding

78,57%

little bleeding

21,43%

1 day post op

There was no recognizable bleeding ( 100 % )

Swelling

Number of patients

Degree of swelling

Percentage of total
number of patients

4 no swelling 28,57%
9 little swelling 64,29%
1 swelling 7,14%

Fibrine layer

Number of patients

Size of fibrine layer

Percentage of total
number of patients

4 no layer 28,57%
5 small region 35,71%
5 mostly covered 35,71%

3 days post op

There was no recognizable bleeding ( 100 % )




Swelling

Number of patients

Degree of swelling

Percentage of total
number of patients

no swelling

57,14%

little swelling

42,86%

Fibrine layer

Number of patients

Size of fibrine layer

Percentage of total
number of patients

2 no layer 14,29%
3 small region 21,43%
3 mostly covered 21,43%
6 completely covered 42,86%

1 week post op

No bleeding ( 100 % ) left; no swelling ( 100 % ) left.

6 patients of 14 still had a little fibrine layer (42,86 % ).




4.2.b ELEXXION CLAROS treatment = 12 patients; superpulsed

During laser treatment

Speed of cutting

Number of patients

Speed of cutting

Percentage of total
number of patients

0 slow 0%
3 fast 25%
9 very fast 75%

Carbonization

Number of patients Degree of carbonization Percentage of total
number of patients
4 no carbonization 33,33%
4 little carbonization 33,33%
4 carbonization 33,33%
0 heavy carbonization 0%
Coagulation

Number of patients

Degree of coagulation

Percentage of total
number of patients

0 no coagulation 0%
2 little coagulation 16,67%
10 good coagulation 83,33%
0 very good coagulation 0%




Directly post op

Bleeding

Number of patients

Degree of bleeding

Percentage of total
number of patients

no bleeding

58,33%

little bleeding

41,67%

1 day post op

There was no recognizable bleeding ( 100 % )

Swelling

Number of patients

Degree of swelling

Percentage of total
number of patients

5 no swelling 41,67%
7 little swelling 58,33%
0 swelling 0%

Fibrine layer

Number of patients

Size of fibrine layer

Percentage of total
number of patients

2 no layer 16,67%
6 small region 50%
4 mostly covered 33,33%




3 days post op

There was no recognizable bleeding. ( 100 % )

Swelling
Number of patients Degree of swelling Percentage of total
number of patients
11 no swelling 91,67%
1 little swelling 8,33%
Fibrine layer
Number of patients Size of fibrine layer Percentage of total
number of patients
0 no layer 0%
4 small region 33,33%
5 mostly covered 41,67%
3 completely covered 25%

1 week post op

No bleeding ( 100 % ); no swelling ( 100 % ) left.
4 of 12 patients still had a little fibrine layer ( 33,33 % )




5. Summary of results

5.1 Surgeon's results

The visible clinical results could be described as followed :
During surgical treatment and directly after treatment the soft tissues at the involved area
were more carbonized by the Vision MDL- 10 laser, which ran in cw- mode;

35,71 % heavy carbonization.

The superpulsed laser , Elexxion Claros, showed sometimes carbonization too, but the

amount of carbonization was much smaller, the color of the carbonized zones was more

brown than black and in a third of all cases there was no carbonization at all.

Carbonization cw- mode superpulsed
no 0% 33,33%
little 14,29% 33,33%
medium 50% 33,33%
heavy 35,71% 0%

Coagulation was good with both lasers, in some situations ( a patient with anticoagulant

therapy - Marcumar® - INR > 2,5 ; not substituted ) the 980 nm diode in cw- mode

( Vision MDL- 10 ) had a better coagulation.

Coagulation cw- mode superpulsed
little 0% 16,67%
good 57,14% 83,33%
very good 42,86% 0%




Both lasers did not allow common bleedings post op, but in some cases there was a little

oozing bleeding; more after superpulsed laser therapy than after cw- mode treatment.

Bleeding cw- mode superpulsed
post op : no 78,57% 58,33%
post op : little 21,43% 41,67%

The speed of cutting was very different, the superpulsed Elexxion diode

laser cutted much easier and faster than the Vision diode laser.

The surgical procedure was done much faster by using the superpulsed laser.

Speed of cutting cw- mode superpulsed
low 100% 0%
fast 0% 25%
very fast 0% 75%

On pictures taken after the surgical procedure the wound areas looked much nicer when

the treatment was done by superpulsed Elexxion laser.

The cutting margins had sharper edges, the cut was more straight and seemed to go

deeper into the tissue with one movement.




cw mode

superpulsed



The following days there was a swelling of the treated soft tissue in different sizes noticed

for both laser systems.

Swelling 1 day post op cw- mode superpulsed
no swelling 28,57% 41,67%
little swelling 64,29% 58,33%
swelling 7,14% 0%

The swelling tendency of the superpulsed diode laser was lower and there was no swelling

in significant more cases.

Swelling 3 days post op cw- mode superpulsed
no swelling 57,14% 91,67%
little swelling 42,86% 8,33%

After 3 days there was only in 8,33 % a little swelling left after superpulsed diode laser
treatment but in the cw- mode group 42,86 % of the patients still had a recognizable

swelling. One week after laser treatment there was no swelling left in both laser groups.

Another phenomenon to be watched was the fibrine layer.

Fibrine layer 1 day post cw- mode superpulsed
op
no layer 28,57% 16,67%
small region 35,71% 50%
mostly covered 35,71% 33,33%




Including 4 osteotomy cuts for cw- mode and 3 for superpulsed mode.

In total there was more fibrine layer after superpulsed treatment.

Fibrine layer 3 days post cw- mode superpulsed
op
no layer 14,29% 0%
small region 21,43% 33,33%
mostly covered 21,43% 41,67%
completely covered 42,86% 25%

3 days post op the fibrine covering of the wound areas had increased in both groups.

Fibrine layer 1 week post cw- mode superpulsed
op

no more layer 57,14% 66,67%

still little layer 42,86% 33,33%

1 week post op there was more reduction of fibrine layer in the superpulsed group, while

the cw- mode group still had a partial fibrine covered area in 42,68 % of the patients.



5.2 Patient s results

During laser treatment and directly after laser treatment no patient felt pain or discomfort

because there was anesthesia given in every treatment case.

Pain 1 day post op: cw- mode superpulsed
0= no pain
9= unbearable
0 21,43% 41,67%
1 21,43% 25%
2 35,71% 25%
3 14,29% 8,33%
7 7,14% 0%

There were more patients without pain and the pain strength was on a lower level in the

superpulsed group.

Pain 3 days post op: cw- mode superpulsed
0= no pain
9= unbearable pain
0 71,43% 66,67%
1 21,43% 33,33%
7 7,14% 0%

Now there were more patients without any pain in the cw- mode group and also patients
with very mild pain were less in the cw- mode group. But still there was a special patient

with continued heavy pain.



Pain 1 week post op:
0= no pain
9= unbearable pain

cw- mode

superpulsed

92,86%

100%

7,14%

0%

After 1 week all patients in both groups were free of pain, the only exception was the

special patient of the cw- mode group.

For better understanding it has to be said that the mentioned patient was very algesic; a

vestibuloplasty had been done and the extended denture was incorporated directly after

laser treatment, so the healing was inhibited for a certain degree and the denture was

grinding on the wound area all the time.

Analgesic drugs needed cw- mode superpulsed
No 57,14% 66,67%
Yes, 1 day 35,71% 25%
Yes, 3 days 0% 8,33%
Yes, 1 week 7,14% 0%

The need for analgesic drugs was higher in the cw- mode group, 42,85 %.

Need for medication in the superpulsed group: 33,33 % .

The above mentioned special patient needed a week of medication.




Reduced masticatory or lingually function.

Reduced function cw- mode superpulsed
No 0% 16,67%
1 day 28,57% 33,33%
3 days 57,14% 50%
1 week 7,14% 0%
more than 1 week 7,14% 0%

The influence of the laser treatment on functional aspects as e.g. mastication lasted in

average 3 days.

In the cw- mode group even longer in 2 cases.

Only in the superpulsed group 16,67 % were without any functional limitations.

Difficulties in oral cw- mode superpulsed
hygiene
No 0% 8,33%
1 day 35,71% 41,67%
3 days 57,14% 50%
1 week 0% 0%
more than 1 week 7,14% 0%

Nearly the same result for difficulties in oral hygiene.
Average was as well 3 days.

Even here there were patients without difficulties in the superpulsed group; 8,33 %.



6. Discussion

Classical surgical soft tissue treatment by scalpel has it's relevancy, but in the last years

soft tissue surgery by diode laser is in progress.

There are a lot of advantages for the surgeon:

- efficient and precise cutting with a calculated depth of cut

- good haemostasis- so nearly or completely without bleeding- and therefore better
visibility of the place of interest.

-mostly no sutures needed

-only minimal destruction of the adjacent tissue ( in pulsed mode )

-uncomplicated handling due to fiber and variety of parameters

-shorter treatment time.

The patients have a lot of advantages also:

-they mustn't be sutured

-no or only little post op oedema

-bactericidal reduction of the wound area

-no secondary bleeding

-low level of scar forming

-patients with haemorrhagic diathesis can be treated without or with only little substitution

-shorter treatment time

-biostimulation of the surrounding area

-reduced application of drugs because of pain reduction intra- and post op
(1,3-10,12,17,25-27,42,43,57,72,106,129,141,145,146,153 ).

The reduction of pain during laser treatment and the better acceptance of laser treatment

in comparison to conventional treatment could be proofed yet for restorative dentistry

( Matsumoto 1996, Keller- Hibst 1997-1998, Evans 2000, Takamori 2003 ) but in this cases

the used lasers were not diode lasers.

Discussing the results from the study one certain thing has to be remembered.

The cw mode laser ( Vision MDL- 10 ) had always been used with 2,5 W and cw- mode.



So peak- and average power had always be the same; in every procedure.

That's the main difference to the superpulsed laser ( Elexxion Claros ) which had been
used with different parameters ; 10- 50 W peak power; 2,25- 11,00 W average power ;
12000- 20000 Hz; 10- 20 us pulse duration.

The precise treatment parameters of the Elexxion Claros laser were :

Ppeak Pavg frequency pulse duration
6x 50 W 3x 11,00 W 6x 20000 Hz 6x 10 us
1x 25W 3x 6,00 W 3x 15000 Hz 3x 11 yus
3x 15W 1x 4,80W 3x 12000 Hz 1x 16 us
2x 10W 2x 4,00 W 2x 20 us
1x 3,75W
2x 2,25W
2 32,5W @ 6,00 W @ 16750 Hz @ 12,42 ps

The used peak power was sometimes 20 times higher than the peak power of the cw
mode laser; and even the average power was more than double ( 2,4 times higher ).
Regarding to this there was no doubt that the Elexxion laser would cut much easier and
faster than the Vision laser. On the other hand the used powers were so high that normally
a cw mode diode laser user would expect terrible thermal damage and necrosis of the
tissue with a lot of carbonization ( 71,146,149,150,156). But thanks to the superpulsed
mode of operation there was less carbonization and less damage of the adjacent tissue,
which had been proven histologically in vitro by Bach et al. in 2008 (109). Bach used a cw
mode diode laser, a pulsed mode diode laser and a superpulsed diode laser with Ppeak 30
W; Pavg 9,99 W; 20000 Hz to make soft tissue cuts in pig jaws . Unfortunately he didn't
mention the pulse duration. Peak power was nearly the same as in this study, average
power 1,67 times higher as in this study and the average frequency also higher. Still the

results were much better for the superpulsed laser than for the cw- mode laser.



Maiorana and Salina (153) did a clinical study with a superpulsed laser on 3 patients in
2006. Parameters were: 23,33 W peak power in average; 16667 Hz in average; 10 uys
pulse duration in average; Pavyg not mentioned.

The conclusion was : clean cut without thermal side effect; instant coagulation; excellent
post op conditions with minimal pain and swelling; minimal involvement of the adjacent

tissues during surgery.

The parameters were similar to this study, only the peak power was significantly lower and
the number of patients was only 3. But the summary of both studies correspond with the

results achieved in this study.

The results out of this comparative in vivo study are sometimes not very different for the

used lasers, but sometimes very significant, so in case of the

cutting speed :

The use of high powers, short pulse durations and high frequencies offered a high speed
for cutting and a deeper cut as it did in cw-mode. The margins of the cut were more
defined and more straight using superpulsed mode. This was already described several
times in literature. ( 26,34,145 ). When using the superpulsed diode with high power and
frequency for cutting the first time, the normal treatment behaviour had to change; the
movement speed of the fiber had to be increased because of the rapid cutting velocity.
When using the cw- diode laser the cut was flattish and the cutting speed was low.
Certainly the low peak power of the Vision MDL- 10 was one great inhibition factor for
speed. Another one may have been the wavelength of 980 nm. As known the cutting
efficiancy of an 810 nm diode laser is better than it is with a 980 nm diode

( Gutknecht N; script M6- Master of Science in Lasers in Dentistry,ED2006; AALZ- Aachen; 02/2008 ).



The 810 nm diode has less penetration into the depth, a lower absorption in water, a lower
absorption in HbO2 and nearly the same absorption in Hb as a 980 nm diode. The 980 nm
diode creates more thermal energy at the surface and penetrates more into depth. The

zone of necrosis is larger and it is more dangerous for cutting.

( Pict. from Ezlase brochure; Biolase Technologie Inc. 2007 )

Surprisingly Bach et al. ( 109 ) could prove 2008 in in vitro studies, that there was no
difference from the histological point of view between 810 nm and 980 nm diode lasers,

when both are used in the same mode of operation.

If we assume that Bach's results were correct and we neglect the difference between in
vitro and in vivo studies, we can conclude together with the attained results from this study
that superpulsed mode of operation will lead to faster cutting speed and a more precise
cut with less tissue damage.

There are a lot more parameters apart from the wavelength, power, frequency, pulse

duration, fiber diameter and mode of operation that will influence the cutting ability,



SO as e.g. : kind of tissue, pigmentation, race, blood circulation in tissue, applied dose,

treatment time etc. but these parameters are of subsidiary relevance in this study.

The above shown reference cases are done with patients of the same race and same
gender. The soft tissue region was the same, both patients with similar pigmentation.

The treated sites were mirror- inverted at the inner lip of the lower jaw.

Carbonization :

Next point to view is the carbonization of the tissue. If there is a lot of carbonization the
destruction of the surrounding tissue is large (37,45,71,109).

Carbonization is changing the absorption of the treated tissue; it is increasing due to the
dark color which absorbs the diode laser light much better than light colors do.

This means there is more thermal energy applied in the surface and necrosis of the
adjacent structures is created.

As we can see from the study the changing of parameters could influence the degree of
carbonization and coagulation; which had already been described in literature(145).

In 1999 Goharkhay et al.(7) stated that the horizontal and vertikal dimension of the tissue
destruction is neither addicted to the diameter of the fiber, nor related to the mode

of operation ( cw or pulsed ) but is only depending on the average power used.

Both assumptions could be rebut until today. Using the same power settings the dose
applied in a defined treatment time is lower with a larger fiber diameter. In using smaller
fiber diameters the applied energy is distributed in a smaller area, the dose is higher, the
effect is larger, there is more thermal energy brought into the tissue.

The risk of carbonization is increasing.

So the tissue destruction is certainly related to the diameter of the fiber.

The used average power in case of the Vision MDL-10 laser was 2,5 W; in case of the
Elexxion Claros 6,0 W.

According to Goharkhay the tissue damage must be larger when using the Elexxion Claros



because of the higher average power, but it was just the opposite, because the mode of

operation was changed.

Also in literature a much smaller degree of carbonization and destruction is described
when using pulsed instead of cw- mode ( 24,26,34,35,41,61,62,109,145,153 ).

This can be consolidated by the results achieved here.

The cw- mode laser produced carbonization in every treatment case, 100 % .

The superpulsed diode laser only in 66,66 % of the cases.

No patient with heavy carbonization in the superpulsed group.

In the cw- mode group, 35,71 % had severe carbonization,

The total amount of carbonization was much higher in the cw- mode group.

Maybe carbonization could have been less in the superpulsed group regarding to the
treatment practice, because the fiber had to be moved much faster as in cw- mode and the

surgeon had to adapt to the new procedure technique.

The fiber diameter is another factor for the applied dose and perhaps the carbonization
could have been decreased by using a larger fiber; but for better comparison both lasers
were used with 400 ym fibers. All other parameters which could influence the degree of
carbonization, such as peak power, average power, frequency, pulse duration etc. were
accepted in the way the manufacturers had programmed the diode laser units.

Exception was, as just said, only the fiber diameter of 400 ym which was prescribed by the
manufacturer of Vision MDL-10 diode laser for surgery. In case of the Elexxion Claros the
prescribed fiber diameters should have been changed from 200 to 400 or 600 ym

according to the planned surgical treatment.
Coagulation :
Next aspect to discuss is the coagulation ability of both modes of operation.

In literature the coagulation efficiancy is described as good ( 17,30,42,67,68,131,145 )
to very good ( 7,37,51,72,142 ) for cw- mode.



For superpulsed mode the coagulation mentioned is very good (17,35,143) and good

with minimal bleeding (34).

Geldi C et al. (35) described 2006 in a study, that superpulsed diode lasers have a larger
coagulation area but smaller carbonization area as cw- mode diode lasers.

In this study the gained results from the surgeons questionnaire demonstrated in direct
comparison that coagulation was stronger by using cw- mode.

During treatment the coagulation was very good in 42,86 % of the treated patients and
good in 57,14 %. For superpulsed there was no very good coagulation, but 83,33 % good
and 16,67 % little coagulation which meant that a few patients had a minimal bleeding.

In cw- mode there was none.

In literature often no bleeding after surgical treatment is mentioned ( 17,26,29-31,37,72 )
but in this study there was an oozing bleeding in 21,43 % of the cw- group patients after
surgery and also in 41,67 % of the superpulsed group after finishing the surgical
treatment , which is a significant difference.

This might have been a derivation of the higher thermal damage of the cw- mode laser.
The blood vessels were sealed better by the influence of the larger amount of thermal
energy delivered by the cw- mode of operation.

Therefore a patient with anticoagulant therapy ( Quick 20 %; INR > 2,5 ) was treated with
the cw- mode diode laser without any substitution; and there was no bleeding at all.
Mentionable in comparison to other studies is that 7 of 26 patients have been treated with
a simple diode laser cut for a following osteotomy.

These patients were sutured after osteotomy and therefore a minimal oozing bleeding

occured. This has to be kept in mind for better understanding of the given results.

Swelling :

Swelling of the wound area and adjacent tissue 1 day after surgery was significantly
less in the superpulsed group, 41,67 % with no swelling.
Only 28,57 % with no swelling in the cw- group.

The size of swelling didn't differ much in both groups.



3 days after treatment there were :

Already 91,67 % of the patients free of swelling in the superpulsed group.

Only 57,14 % of the cw-mode group; which is a significant difference.

The reason for this could be the degree of tissue damage caused by laser irradiaton.
Regarding to the lower degree of carbonization and thermal damage in the superpulsed

group it was explainable that there was less swelling.

The literature review showed different kinds of results which varied from no swelling
(17,72) to little swelling ( 26,37,41,46,142,145,153 ) for both kinds of lasers.

Swelling is a result of the inflammation reaction of the body and, often described in
literature, the inflammation reaction is more serious using diode laser surgery than it is by

using a traditional scalpel (26,31,32 ).

Pain :

A second characteristic sign for inflammation is pain.

During and directly after laser treatment there was no pain because all patients had been
given local anesthesia before surgery. Surgical treatment with a diode laser always
requires anesthesia, because the thermal energy applied always generates pain.

In literature classifications as mild pain (37), less pain (26,34,145), reduced pain
(30,41,46,72,142,145), minimal pain (153) and no pain (17) are found and all authors
agree that the degree of pain is reduced after laser treatment in comparison to classical
treatment by scalpel.

Looking to the results of the questionnaire a recognizable larger percentage of patients
had no pain 1 day post op in the superpulsed group: 41,67 % .

Only 21,43 % in the cw group had no pain.

Nearly double of the patients in the superpulsed group were painfree.

The remaining 58,33 % of the superpulsed group only had pain on the 1st - 31 niveau.
In the cw group 78,57 % of the patients were also on the 1st - 3 rd niveau.

Only 1 patient ( the very algesic one, as described above ) was on the 7t niveau of pain.



After 3 days the situation was completely different.

Now more patients without pain could be found in the cw group, 71,43 %,

while only 66,67 % of the superpulsed group were painfree.

But the difference of the percentages was not as significant as it was after the first day.
The rest of the patients could be found on pain niveau 1 in both groups, exception, of

course, the very algesic patient, still on pain niveau 7.

Saaleh et al. (37) noticed an average of 3 days of pain for all patients in their study

after cw- mode treatment.

1 week after surgical laser treatment no patient felt pain any longer

( exception: the very algesic patient on niveau 5 ).

Need for drugs :

After laser treatment the patients had been supplied by an analgesic drug,
Ibuprofen 400 mg.

42,85 % of the patients in the cw group needed medication, but

only 33,33 % of the patients in the superpulsed group.

With a high percentage only 1 day.

That corresponded to the findings for pain that have been done before.

In general we can say that the pain sensation was less in the superpulsed group.

These results and the following conclusions for reduced masticatory and lingually function
so as the difficulties in oral hygiene were subjective and will differ by treating other patients
because the degree of sensation is very different from person to person.

There will be no reproducable results but only a hint to the right direction.



Reduced masticatory and lingually function :

In order to the traumata set during laser treatment there was a functional reduction for
masticatory and/ or lingually function in both groups.

In the cw group every patient was affected.

In the superpulsed group at least 16,67 % of the patients had no functional limitations.
50- 57,14 % of the patients were handicapped for 3 days in both groups.

That corresponded once again to the study of Saaleh et al. (37), who described a 3 day

period of painful mastication and speech after cw- mode treatment.

Difficulties in oral hygiene :

Nearly the same results for oral hygiene.
In average 3 days of limitation, but this time
only 8,33 % of the patients in the superpulsed group without any difficulties.

In the cw group all patients with difficulties.

Now three of the five signs for inflammation were reviewed. ( dolor, tumor, functio laesa )
2 others, calor and rubor were not registered during the study.

But a sign of healing, better secondary healing, should be discussed subsequently.

The Fibrine layer :

The building of fibrine is a part of the secondary haemostasis, a part of the plasmatic
haemostasis. The thrombocytes were connected by a dense network of fibrinous fibers.
The grade of fibrine layer relies in a certain extent to the grade of healing.

The faster the fibrine layer is removed, the faster the wound healing is in progress.

2- 4 hours after trauma the extravasation starts , a coagulum is build

with blood- and plasmacells on the wound surface. Fibrin fibers are connecting the
thrombocytes and build a dense network of fibers. This normally lasts to the 4t day .

Then proliferation starts, granulated tissue is build and the fibrin fibers are reduced.



From the 5% day on regeneration starts and there is no more fibrine layer.

The faster the fibrine layer is removed, the faster the wound healing is in progress.

The observed results regarding the fibrin layer differed from the normally seen

wound healing after classical treatment by scalpel.

In this study 26 patients were treated, but 7 of them only by simple laser cut for osteotomy.
The cut was sutured afterwards, so there was primary wound healing and no visible
fibrine layer could be seen.

The first day no fibrine layer was seen on the wounds in 28,57 % of the cw group and only
16,67 % of the superpulsed group.

A small region was covered in 50 % of the superpulsed, but only in 35,71 % of the cw
group.

Mostly covered wounds were noticed in 33,33 % (superpulsed) and 35,71 % (cw) in both
groups.

This meant that in the superpulsed group already 83,33 % of the wounds had a fractional
fibrine layer. In the cw group only 71,42 % of the wounds were partially covered with
fibrine.

After 3 days all wounds; 100 % were covered with fibrine in the superpulsed group:

41,67 % were mostly covered; 33,33 % partially and 25 % completely.

In the cw group already 42,86 % were completely covered; 21,43 % mostly; 21,43 %
partially, but still 14,29 % were not covered yet.

So far fibrine layer building was faster and more complete in the superpulsed group.

In comparison to healing after conventional surgical treatment there was a delay of healing
time, because fibrine layer building started later and needed more time to cover the
wounds. In consequence of delayed wound healing there was still a fibrine layer seen after
1 week in 33,33 % of the superpulsed group and in 42,86 % of the cw group.

Delayed wound healing after surgical diode laser treatment has been described in
literature already (26,31,32) and as we could see from the results above the wound

healing of the cw group started later and lasted even longer as the prolonged wound



healing of the superpulsed group.

This might have been an effect of the stronger thermal damage and increased
carbonization in the cw group. The cells and blood vessels in the adjacent tissue were
much more damaged and needed longer to reorganize for healing.

Superpulsed treatment left more intact tissue at the wound margins, so healing could
begin earlier as in cw mode.

Even if there was an improvement in healing time there was still a difference to normal
healing, where fibrine layer removal begins already at the end of the 4th day.

So the intactness of the tissue seemed to be essential for regular wound healing.
Superpulsed diode laser treatment did not cause much carbonization, but there was as
well coagulation, which meant applied thermal energy on the blood vessels and cells;

causing damage and therefore delayed healing.

As option for surgical laser treatment an Er:YAG laser with waterspray and air can be used
instead. The Er:YAG laser also generates a soft tissue cut, but with a resulting bleeding.
There will be no carbonization and nearly no coagulation, therefore no or only minimal
damage of the tissue and as effect a much quicker and nicer wound healing and less

discomfort for the patient as after diode laser treatment.

In summary we can say that superpulsed diode laser treatment is contrary to cw- mode
diode laser treatment much more gentle for the tissue ( less damage, quicker healing ),
more comfortable for the patient ( less pain and swelling ) and an improvement for the
surgeon ( more precise and deeper cut, less burnt smell, shorter treatment time ).

Only the coagulation ability of the superpulsed diode laser seems to be minimal inferior
of the cw- mode diode laser.

In combination with the findings of the Bach study (109) and the case reports of Maiorana
and Salina (153) we can conclude that superpulsed diode lasers should be the state- of-

art treatment nowadays if there is spoken about surgical diode laser treatment.

Of course these are only 2 further studies and the results have to be reconfirmed by

various studies with a larger amount of patients, but the direction to go is clearly given.



7. Conclusion

Clinical in vitro and in vivo studies have shown that soft tissue surgery done by
superpulsed diode lasers is more reasonable as doing the same procedures by cw- mode
diode lasers. Carbonization and thermal damage of the adjacent tissue can be reduced to
a minimum, the soft tissue cut can be generated faster, the cut is more precise.

Because of the lower amount of tissue destruction the healing is faster as in cw- mode.

It is more comfortable for the patients regarding to the post op pain and swelling, the
patients will need less drugs and the functional abilities are not reduced as much as in

continuous wave mode.

In terms of Bach's histological investigation of the treated soft tissue (109) we probably
have to share his opinion, that cw- mode diode lasers are no longer suitable for soft tissue

cutting in dentistry.

The advantages of the superpulsed diode lasers in soft tissue surgery are evident and with
the meanwhile achieved peak powers, the very short pulse durations and the high
frequency the surgical treatment can be improved and probably the range of treatment can

be expanded.
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Abstract Lasers have been used for many years in oral
surgery and implant dentistry. In some indications, laser
treatment has become state of the art as compared to
conventional techniques. This article is a comprehensive
review of new laser applications in oral surgery and implant
dentistry. One of the most interesting developments over
the last years was the introduction of the 9.6-um CQ, laser.
It has been shown in the recent literature that the use of this
new device can preserve tissue with almost no adverse
effects at the light microscopic level. In contrast, modifica-
tions of approved CO, laser therapies of premalignant
lesions resulted in higher recurrence rates than the
conventional defocused laser technique. However, several
studies indicate that other wavelengths such as Nd-YAG
(A=1,064 nm) or diode lasers (A=810 nm) may be also of
value in this field. In many other indications, the use of
lasers is still experimental. Intraoperatively used photody-
namic therapy or periimplant care of ailing implants with
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the CQ5 laser seems to be more of value than conventional
methods. However, further studies are required to assess
standard protocols. Over the past years, research identified
some new indications for laser treatment in oral surgery and
implant dentistry. Moreover, well-known laser applications
were defined as state of the art. Nevertheless, further studies
are required for laser treatment in oral surgery and implant
dentistry.

Keywords Laser- Oral surgery - Implant dentistry

Introduction

This article is a comprehensive review of recent laser
applications in oral surgery and implant dentistry, providing
information for dentists and oral and maxillofacial sur-
geons. Therefore, the authors focus on new laser techniques
in osteotomy, treatment of premalignant lesions, fluores-
cence spectroscopy and photodyvamic therapy (PDT),
periimplant care of ailing implants, and local hemostasis.
To understand the use of laser surgery, it is necessary lo
know the findamental principles of laser light. Unlike other
light sources, lasers emit coherent, monochromatic, and
collimated electromagnetic radiation. These characteristics
endow lasers with unique applications. The most common
surgical lasers emit wavelengths in the infrared part of the
spectrum: the neodymium:ytrium—aluminimn-garnet laser
INd-YAG, 2=1,064 nm), the erbjum-ytirium-almninum-—
garnet [aser (Bi~YAG, A=2.94 pum), and the CO, laser (A=
10.6 and 9.6 um). Within the wvisible portion of the

Klinikum rechts der Isar,

Ismaninger Strosse 22,

81675 Miinchen, Gernmany

g-mail: herbert.deppe@mkg.med.tum.de

458 and 515 mn, and excimer lasers are located in the
ultraviolet part of the spectrum (100 to 400 mm). Diode
lasers emit wavelengths of A=810 and 906 nm. In surgical
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indications, within the last years, the latter seem to be of  COj laser. The laser caused an even lower temperature rise
increasing interest. , than conventional drilling when wsing this device for
Whether a laser system is suitable for incisions, osteotm_mes on. larger bone segments compared to small
vaporization, or coagulation is determined by the wave- bc.une sh.m?s. Moreover, the laser showed acceptable efficacy
length, the energy fluence, the optical characteristics of the ~ with drilling times comparable to a conventional drili,
tissues, and how the laser is operated. In continuous mode, In another study [1], bony osteotomies were produced in
the laser provides a constant and stable delivery of energy.  six patients v:jith 60-u1s pu]se.s of a pulsed 9.6-1m CO, laser
Pulsed laser systems, in contrast, provide bursts of energy.  and a scanning system. Histologic sections revealed no
Lasers within the ultraviolet region (100 to 380 nm) are  chaming, but a very thin basophilic zone was seen nex to
able to ionize tissues, a process known as photochemical  the cut surface. Cutting frabecular structures resulted in a
desorption. Lasers of longer wavelengths, especially those coagulation zone of 20-150 pm. The author concluded that
within the inftared part of the spectrum (700 to 10,000 nm),  clinical use of a 9.6-um CO; laser as a cutting tool can be
cause significant tissue heating. Most of the surgical lasers  considered to preserve tissue with almost no adverse effects
are embedded in this group and comprised as thermal  at the light microscopic level.
lasers. The light of these lasers is rapidly converted to
thermal energy, ciusing denaturation of proteins, decom-
position of tissue, microexplosion of cell water, and  Lasers in premalignant lesions of the oral mucosa
chaming. However, recent studies showed that the CO,
laser at 9.6 m made an important step foward replacing  According to the literature, malignant transformation of
conventional osteotomy techniques [1, 2]. premalignancies such as oral leukoplakia and oral lichen
planus occurs in up to 28% of these lesions [4]. Consequently,
due to the high rates of malignant transformation and

New laser applications in oral surgery and implant basically unchanged prognosis of head and neck cancer,
dentistry early treatment of premalignant lesions is mandated. Even

though there are some reports in the literature on laser-
Laser osteotomy assisted tumor treatment, surgery is mostly performed

conventionally. As an alternative to the scalpel, the CO;
For most patients, drills and hand pieces are the most l!aser (A=10.6 um, continuous wave, defocused) is an
inconvenient components in oral sargery. Therefore, laser  established device which has been in use for more than
ostectorny could be an elegant alternative [1-3]. Research 20 years. It has been demonstrated histologically that thermal
was focused on most of the medically used laser systerns.  laser energy carbonizes superficial parts of epithelium.
The major components of bone and dental hard tissues are  Consequently, reepithelization is delayed for more than
inorganic structures such as water and hydroxyapatite aswell 2 weeks. This technique has been proven very effective
as organic structures (collagen). Several authors described  being associated with recurrence rates of less than 20% [5].
the critical temperature for bone and noted that temperature However, a delay in healing caused by the thermal laser
clevation between 44 and 47°C may lead to osteonecrosis  energy is an encumbrance for the patient. Therefore, new
{3]- The laser light emitted by the CO, and the Er~-YAG laser  methods of applying laser energy, such as scanners or the use
are well absorbed by water. The wavelength of the E~YAG  of very short laser pulses (the so-called super pulses, sp),
laser, moreover, is well absorbed by water and hydroxyap-  could be of value. Scanners allow the focused CO- laser beam
atite. In addition to a high absorption coefficient for water  to sweep quickly over an area, thereby reducing the dwell
and for hydroxyapatite with phosphate, carbonate, and  time ou each individual point to less than 1 ms which is
hydroxyl groups, the energy emitted by the CO, laser at  shorter than the thermal relaxation of soft tissue (3.6 ms) [6].
9.6 um is also highly absorbed by collagen. Therefore, this ~ Through the use of the sp-mode as well as the scanuers,
wavelength seems to play an increasingly important role in  thermal laser effects such as delays in healing can be reduced

———oral and maxillofacial surgery. but;—on-the-other-hand;—a—lesser -degree-of-destruction-of ———
Eyrich [1] compared the super-pulsed CO, laser at dysplastic cells could lead to an increased recurrence rafe.
9.6 um to the Er-YAG laser and the conventional drill Accordingly, the aim of a recent study was to evaluate

with regard to their respective thermal effects on human  the recurrence rates resulting from different methods of
bone, Therefore, temperature rise during ablation of human ~ CO, laser surgery in a prospective clinical study. Therefore,
bone was measured. The results of the study suggested that  a total of 56 patients with a fotal of 68 premalignant lesions
a maximum rise of mean temperature to 1.88°C (well below  of the oral mucosa were treated with three different modes
the critical range of 7°C) demonstrated the safety and  of CO, laser surgery [5]. In the group with defocused
fissue-preserving capability of the super-pulsed 9.6-pm  resection of oral leukoplakias, a recurrence rate of 23.1%

@_ Springer
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was seen, which is very similar o that found in the
litevature [4, 7). In contrast, neither the application of
scanner plus ew-irradiation nor the scanner plus sp-mode
yvielded results superior 1o those of the classic defocused
technique. These results were explained by the pulsed mode
of laser beam delivery and. funhermore, the geometry of
the laser beam on the scanned area.

Oral lichen lesions were associated with very high
recurrence rates. According to the literature, oral lichen is
an autoitnmune disease which is not amenable to heuling by
means of resection. Consequently. only erosive lesions
should be treated to achieve pain relief for the patient.

Tissue effects resulting from different scanning systems
were also assessed in an experimental study [8]. Therefore,
healing of skin wounds after CQ, laser resection was
evaluated with the use of two different scanners (Swiftlase®
and Silktouch®™). Histologically and clinically, both scan-
ners yielded better resulis with regard to progress of wound
healing than those seen with the use of a defocused laser
beam. Nevertheless, these differences could no lenger be
detected at 2 weeks after surgery. Due to the digitally
generated mode of the laser beam on the irradiated area,
smoother skin surfaces were yielded with the Silktouch™
SCANNEr.

In recent studies, very low recurrence rates were
observed with the Nd-YAG laser (A=1064 nm) [9] and a
diode laser {(A=810 nm) [10]. At these wavelengths, laser
energy is not absorbed to any significant extent in water, As
a result, deleterious cffects on sensitive structures such as
the menta)] nerve might occur. Nevertheless, the use of these
wavelengths for resection of premalignant lesions should be
evaluated in subsequent studies.

Lasers in fluorescence spectroscopy and PDT

Laser-induced fluorescence (LIF) spectroscopy is a noninva-
sive technique that has been used in various fields to
differentiate tissues and, therefore, might be an important tool
for cancer diagnostics. In a recent pilot study, the ability of LIF
spectroscopy to detect dysplasia or cancerous tissue was
validated [11]. Therefore, a 337.1-nm nitrogen laser with a
600-1um fiber optic was used to induce fluorescence in human
normal and pathological tissues. Fiuorescence specira were
obtained by means of a spectrograph and analyzed by a
computer program. The results of this study indicated that

"differentiation of benign and malignant tissues was possible”

with a sensitivity above 80%. The authors concluded that this
method might be applicable for discrimination of benign and
malignant tissues. It was stated that LIF spectroscopy may
provide the clinician with a reliable technique for detecting
malignancies, Nevertheless, the authors recommended further
studies to verify the in vivo applicability of the method.

It has been shown in the past that PDT cum optimize
conventional surgery in squamous cell carcinoma [12 -14].
In a recent animal study, PDT has also been performed
intraoperatively next to vitzl structares like the carotid
artery using a new photosensitizer meta-tetrahydroxyphe-
nylchlorin (m-THPC} {14, 15]. As a result of the imadia-
tion. complete necroses of muscles und connective tissue
were found, Nerve tissues demonstrated demyelination
{above 75%). however, without elinical symptomis.

Intraoperative PDT using m-THPC has also been
performed in 22 patients with malignancies of the brain
[16]. The authors concluded that m-THPC-mediated. intra-
operative fluorescence-guided resection followed by PDT is
a highly promising concept in improving the radicality of
tumor resection combined with a therapeutic approach.

Nevertheless, more studies are necessary before these
methods can be recommended as standard therapies in the
treatment of oral carcinoma.

Periimplant care of ailing implants

A new indication of laser treatment might be the steriliza-
tion of exposed implant surfaces to rehabilitate ailing
implants. However. apparently not all laser systemns
available in dentistry are of value in this regard. Park et
al. [17] reported that the poteatial exists for Nd-YAG laser
irradiation (1=1064 nm) to meh the surface and even to
remove the surface Iayer from plasma-coated titanium
implants. From this study, it was concluded that the use

Fig. 1 Radiogrsph indicating chromically progressive periimplant
bope resorption
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Fig. 2 Surpical intervention: full ‘thickness flaps and granulation
tissue removal

of Nd—YAG lasers in implant-uncovering procedures or
periimplant gingival surgery should be considered inher-
ently unsafe for such procedures.

Better results were seen with the use of a CO; laser (A=
10.6 pm). The purpose of a study in a total of 16 patients
with 41 ailing implants was to assess the reliability of the
CO; laser-assisted implant decontamination vs a conven-
tional decontamination procedure [18]. The results of the
clinical study showed, 4 months afler therapy, that implants
treated with laser decontamination and soft-tissue resection
exhibited statistically significant better clinical parameters
than conventionally decontaminated implants followed by
sofi-tissue resection. From these results, it was concluded
that treatment of periimplantitis can be optimized using a
CO; laser-assisted decontamination (Figs. 1,2, 3, 4, and 5).

There are several positive reports in the literature in
which laser decontamination has been recommended

Fig. 3 CO, laser-assisted implant decontamination and augmentation
with beta-TCP

*__fa_ Springer

Fig. 4 Reentry 4 months after therapy. Complete closure of the defect

including the use of diode lasers (A=810 and 906 nm)
[19-21] and Er—YAG laser (A=2.94 wm) [22]. Application
of a diode laser (A=810 nm) resulted in recumrence rates of
less than 7% [19]. In further studies, PDT with toluidine
blue plus dicde laser light (A=906 nm) was used [20, 23].
Haas and coworkers [20] reported on a mean bony
reapposition of 2 mrn (190 mm) after a 9.5-month
observation period. However, reosseocintegrations were
demonstrated for the fixst time for the CO, laser [6]. Most

Fig. § Radiographic result 10 months after surgery
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recent results from a study performed in beagle dogs have
indicated that reosseointegration also occurred after irradi-
afion with an Br—YAG laser [24]. Nevertheless, further
studies are required in this field.

Bare fiber technique in local hemostasis

In modern societies, there is an increasing number of
older patients, especially those treated with anticoagula-
tion because of cardiclogic indications. Over the past
years, laser hemostasis has been established as an
alternative to conventional techniques. Due to a penetra-
tion depth of more than 4 mm in soft tissue, cw Nd—
YAG laser light (A=1064 nm) applied with a hand piece
has been very effective in this field [25].

However, if bleeding occws massively from the apical
region of the socket, the use of the bare fiber can be of
interest, Therefore, in a clinical study in 44 patients, the
bare fiber technique was studied in this indication [4].
Moreover, to reduce the thermal effects, a pulsed laser was
used. It was concluded that intraalveolar application of
pulsed Nd~YAG laser energy can be considered safe. It was
demoustrated that optical characteristics of bloed result in
scattering and dispersion of laser light, thereby reducing the
adverse effects on bony tissue.

Conclusion

Over the past years, research identified some new indica-
tions and techniques for laser treatment in oral surgery and
implant dentistry, Morcover, well-known laser applications
were defined state of the art. Neverthsless, further studies
are required for laser treatment in oral surgery and implant
dentistry.
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Versatility of a Superpulsed Diode Laser in
Oral Surgery: A Clinical Report
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Purpose: A superpulsed diode laser (Claros; Elexxion) was used for different surgical procedures using various
operative parameters.The possibility of reaching the target tissue with lower power than and equivalent efficacy

of the conventional diede laser was dinically tested .

Materials and Methods: After setting local anaesthesia (Ecocain 1:100000), the superpulsed diode laser was
used on patients to uncover impacted teeth, remove epulls, and treat intracral hemangioma. No antiblotics were
administrated and chlorhexidine rinses were prescribed for one week, twice a day, before surgery.

Results: In all cases, slight carbonization was observed. The postoperative healing ensued without inflamation or

complications.

Conclusion: The use of a superpulsed diode laser allows the surgeon to operate using high energy and very short
pulse duration (milliseconds). This aliows the best control of incision depth and reduces the thermal damage to

the target tissue:
Keywords: superpulsed laser, oral surgery.

J Oral Laser Applications 2006, 6: 193-159,

he use of diode laser in oral surgery is becoming
very popular for several procedures that can be
performed quickly, with low morbidity and excellent
healing due to the biostimulating effect of this specific
laser. As we know, the active medium is a solid-state
semiconductor that uses a combination of gallium, alu-
minum, and arsenide to change electric energy Into
light energy. The available wavelengths place this laser
in the invisible nonionizing infrared radiation portion of
the electromagnetic spectrum. These wavelengths are
very well absorbed by pigmented tissues, such as he-
moglobin and melanin. This tendency to transmit de-
pends on the wavelength and the absorption factor of
the target tissue.'-? The poor absorption in the sur-
rounding tissues (only 20% of the emitted energy pen-
etrates deeper than 2 mm) allows the surgery to be

performed safely.*5 Surgery is usually performed In
continuous mode, but the recently produced super-
pulsed diode laser allows the surgeon to perform inter-
ventions with very high energy levels (up to 20,000
Hz) with a pulse duration in the millisecond range. In
this way, the thermal damage to the tissue does not
progress deeper than 50 pum, and carbonization is re-
duced to a minimum.

MATERIALS AND METHODS

Three patients, men and women, in good general
health, were selected for oral surgery. They presented
with different pathologies: epulis, fornex hemangioma,
and impacted teeth. A superpulsed diode laser (Clar-



CASE REPORT

Fig2 Immediate postoperative site.

Fig 3 Epulis remaved and sent for histological analysis.

ion, Elexxion Medical Systems; Radolfzell, Germany) at
30 W and 20,000 Hz was used to excise the epulis and
intracral hemangioma, and uncover impacted the
teeth.

CASE 1
This 62-year-old female patient had a large spheroidal

durum epulis (14 mm) located on the gingival mucosa
in dental area 23 (Fig 1). The most probable eticlogy

Fig 4 Surgical site 40 days postoperatively.

was chronic trauma produced by an ill-fitting remov-
able prosthesis.

After giving local anesthesia (Ecocain 1:100000,
Molteni Dental; Scandicci, Italy), the lesion was re-
moved using superpulsed 809-nm diode laser set at 20
W and 20,000 Hz, with 10 Is pulse duration (Fig 2).
After removal, the epulis was sent In for the usual his-
tological analysis (Fig 3).

The patient’s removable prosthesis was immediately
modified and relined with a soft tissue conditioner
(Soft Liner, GC Europe NV; Leuven, Belgium). Chlor-



CASE REPORT

Fig 5 Intraoral 7-mm hemangioma.

Fig 7 After 7 days: the postoperative site appears covered by
newly formed tissue.

hexidine (0.2%) rinses were prescribed for one week,
twice a day.

After 40 days, the treated area looked completely
healed without shrinkage (Fig 4).

CASE 2

A round, 7-mm-wide hemangioma was observed on
the inner side of the lower lip of a 75-year-old female
(Fig 5). Because of the size and location, this lesion was
removed in toto under local anesthesia, using a super-
pulsed diode laser. The laser parameters were: pulse
output 25 W, pulse frequency 15,000 Hz, and pulse
duration 10 Is. This setting was enough to achieve the
complete exeresis of the lesion and very effective coag-
ulation with a stable scar (Fig 6). No sutures were nec-
essary.

Fig &6 Immediate postoperative view with a thin, stable scar,

The patient was released without a prescription for
antibiotics. Only chlorhexidine (0.2%) rinses for one
week (twice a day) were suggested.

Healing proceeded rather quickly: just one week
postoperatively, wound healing looked good (Fig 7):
the epithelium defect due to the operation was already
covered by newly formed tissue.

CASE 3

A 12-year-old male presented with both maxillary ca-
nines impacted. After a correct diagnosis and ortho-
dontic preparation (bracket appliance for the maxilla)
(Figs 8 to 12), the patient underwent a laser surgery
session to uncover the buccally impacted teeth.

The superpulsed diode laser, set at 25 W and
15,000 Hz, with 10 us pulse duration, permitted inci-



CASE REPORT

Fig 8 Maxillary orthodontic appliance: the two canines are not

Fig 9 Panoramic radiograph: the two maxillary canines appears
present.

impacted.

Fig 10 Occlusal radiographic image: the two maxillary canines ap-

Fig 11 Canine area on the right side.
pears buccally impacted.
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Fig 12 Canine area on the left side.



Fig 13 Canine area on the right side: first incision with super-
pulsed diode laser.

Fig 15 Uncovered right canine.

sion with immediately effective hemostasis (Figs 13 to
16), allowing establishment of a solid connection of the
orthodontic brackets to the newly uncovered teeth
(Figs 17 and 18).

CASE REPORT

Fig 14 Canine area on the left side: first incision with superpulsed
diode laser.

Fig 16 Uncovered left canine.

The orthodontist joined the brackets to the arch, fa-
cilitating the correct eruption of the two canines. Four
months later, the two teeth were completely erupted in
the right position (Fig 19). A satisfactory amount of



keratinized gingiva can be observed due to the suture
of the follicular envelope to the oral epithelium, thus
simulating the physiologic eruption process.

RESULTS

All patients experienced a predictable and satisfactory
healing process, without complications or side ef-
fects.67 No antibiotic prophylaxis was necessary, be-
cause laser surgery provided decontamination of the
operating field® and led to stable scar-tissue forma-
tion.?:10

CASE REPORT _

Fig 18 Orthodontic bracket linked to the left canine.

Fig 19 After 4 months: the two canines are in the correct posi-
tion.

DISCUSSION AND CONCLUSION

The superpulsed 809 nm GaAlAs laser allows the exci-
sion of oral lesions of various consistency, such as
epulides and hemangioma, with numerous advantages
when compared to the conventional scalpel tech-
niques:2.11.12

 Clean cut without thermal side effects

* Instant coagulation of the surgical site

* Minimal involvement of the adjacent tissues during
surgery

» Easy and safe to use

 Excellent postoperative conditions, minimal pain and
swelling



* Reduced surgical stress for both the patients and the

Based on these results and the literature, this laser
surgery can be considered the first choice for the exci-
sion of intraoral benign tumors, impacted teeth, or im-
plant uncovering surgery, frenectomy, gingivectomy,
and gingivoplasty.?: >-12

REFERENCES

1. Martelll FS, De Leo A, Zinne S. Laser In odontostomatologia: ap-
plicazioni cliniche. Milan: Masson Ed, 2000:59-60. '

2. Majorana C. Laser in the treatment of soft tissue lesions. | Oral
Laser Applic 2003;2:7-14.

3. Moritz A. Orale Lasertherapie. Berfin: Quintessence, 2005:41-
45,

4. Goharkhay K, Moritz A. Effects on oral soft tissue prodeuced by
2 diode laser in vitro. Laser Surg Med 1999;25:401-406.

5. Romanos G, Nentwig GH. Diode |aser in oral and maxillofacial
surgical procedures: clinical observations based on dinical applica-
tions. J Clin laser Med Surg 1999:17:193-197.

6. Maiorana C, Salina 5, Censi R et al. Nd:YAG laser in soft tissue
surgery: a two-year retrospective study on 130 patients. | Cral
Laser Applic 2007;1:29-34.

7. White JM, Chaudhry SI, Kudier 11, et al. Nd:Yag and CO2 laser
therapy of oral lesions. | Clin Laser Med Surg 1998;16:299-304.

8. Moritz A, Schoop U, Goharkhay, et al, Treatment of periodontal
pockets with a dnd!hur Laser Surg Med 1998;22:302-311.

9. Gold 5l, Vilardi MA. Pulsed laser bean effects on gingival. J Clin

- Periodont 1994;21:391-396.

10. Salina 5, Maiorana C, Censi R, et al. Treatment of oral fibromata
using the Nd:YAG laser. ] Oral Laser Applic 2001;1:59-64.

11 Pick RM. Using lasers in clinical dental practice. | Am Dent Assoc
1993:124:37-47.

12. Majorana C, Salina S. Laser a Diodi: applicazioni cliniche. Milano:
Artesdue, 2004,

elexxion - powered by technology




selected surgery studies




Mehr Bebandlungssicherbeit
bei der chirurgischen Anwendung
von fasergestiitzten Lasersystemen

Die Anwendung von Lasern verschiedener Wellenliangen stellt seit iiber zwolf Jahren ein unter
Praktikern geschdtztes Verfahren zur Therapieerginzung in den verschiedenen Teilgebieten der
Zahnmedizin dar.

| DR. GERD VOLLAND/HEILSBRONN |

Fasergestiitzte Systeme ermdglichen es, mit Wellenlan-
gen des nahen Infrarot durch den Einsatz in Parodontal-
taschen, Wurzelkandlen und bei kleinen Schnitten den
Nutzungsgrad indertéglichen Praxis zu steigern. Gleich-
zeitig ist bei der Verwendung von Faserlasern der Wel-
lenldngen 500 bis 1.200 nm die Gefahr, eine breite ther-
mische Schadigungszone durch Verschmutzung der Fa-
ser und den Hitzestau zu beachten. Durch entspre-
chende Pulsung versucht man dem Hitzestau seit Jahren
entgegenzuwirken (z.B. I.S.T.-Laser). Die Idee, durch
Kuhlung des Operationsgebietes, dhnlich wie bei der
Turbine, fur einen Abfluss der entstehenden Hitze zu sor-
gen, scheiterte auf Grund der Verwendung von langge-
pulsten Nd:YAG-Lasern, die bei Oberflachenkihlung zu
Tiefennekrosen (Eindringtiefe bis 4 mm) fhrten (Abb. 1
und 2).

Grundlagen

Zu Beginn des Jahres 2002 wurden in Zusammenarbeit
mit dem LMTB Berlin Temperaturstudien, Thermokame-
radokumentationen und Histologien bei der Verwen-
dung der Wellenlédnge 980 nm und einem Prototyp der
zirkularen Spraykihlung durchgefiihrt. Diese zeigten
eindrucksvoll, dass die Kiihlung des umliegenden Ge-
webes tatséchlich zu einem Abtransport der entstehen-
den Hitze fihrt (Abb. 3). Bei der Aufzeichnung der Tem-
peraturerh6hungen konnten mit Spraykihlung Leistun-
gen bis 12 Watt im gepulsten Modus (0,01/0,01) ver-
wendet werden, ohne eine Temperaturerh6hung tber
den fir CW-Modus empfohlenen 3 Watt zu erreichen
(Abb. 4 und 5). Ferner fihrten die Bestrahlung von Kno-
chen zu keinerlei Nekrosewirkung.

Abb. 1: Laserspitze mit Spray.

Abb. 2: Turbine mit Spray.

Durch einen Druckminderer wird die Pressluft der Den-
taleinheit auf bis maximal 3 bar reduziert. Der Luftstrom
betreibt eine Turbine, die die eingesetzte Spllflissigkeit
ansaugt und Uber ein Schlauchsystem in das Handstiick
leitet, in dessen Mitte die Faser austritt und ein zirkularer
Spulstrom entsteht (Abb. 6). Wir verwendeten bisher ste-
rile Kochsalzlésungen, da Zusatze von CHX zu Schaum-
entwicklung flhren. Behalter, Schlauchsystem, Faser
und Handstlick sind sterilisierbar.

Erste Praxiserfabrungen
Parodontologie

Beim Einsatz in der geschlossenen Kiirettage verwende-
ten wir 5 Watt Leistung im gepulsten Modus (0,01/0,01).
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Abb. 4: Die Untersuchung der peripheren Nekrosezonen zeigte bei An-
wendung des Sprays (7W/0,01/0,01) zufrieden stellende Ergebnisse,
die in ihrer Breite mit 150 m denen eines Er:YAG-Lasers nahe kamen.
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Abb.5: Histologie. — Abb. 6: Cool Pro.

Abb. 7: Vor der Behandlung. — Abb. 8: Nach der Behandlung — kei-
nerlei Karbonisation sichtbar.

Das Vorgehen gestaltete sich wie bei der Anwendung
ohne Spray: Lasereinsatz — Konkremententfernung - La-
sereinsatz. Bei Taschen bis 5 mm Tiefe verzeichneten wir
bei 19 Parodontalbehandlungen keine postoperativen
Beschwerden, die Patienten waren durch das Fehlen der
Geruchsbelastigung angenehm angetan (Abb. 7 und 8).
Bei einer Patientin mit teilweise Uber 7 mm Taschentiefe
zeigten sich bei den betroffenen Molaren postoperative
Beschwerden, die auf die Hitzenekrose zuriickzufiihren
sind. Durch Anwendung von Spilungen und Salbenbe-
handlung besserten sich ihre Beschwerden innerhalb
von wenigen Tagen.

Folgerung

Die Spilung und der angestrebte Wéarmeabtransport er-
folgt auf Grund der anatomischenVerhaltnisse nur bis zu
der auch bisher gewohnten Taschentiefe von 5 mm bei
geschlossener Kirettage.

Implantatfreilegung/Oralchirurgie
Zweiphasige Implantate sind trotz eines in den letzten
Jahren zu verzeichnenden Trend zur transgingivalen Ein-

Abb. 9: Implantate vor Freilegung. —Abb. 10: Implantat nach Frei-
legung 8:15.

Abb. 11—Abb. 12: Aufgeklebtes Bracket.

heilung die am haufigsten angewandte Methode mit der
hdchsten Erfolgsquote. Fiir den Patienten stellt die Frei-
legung mit erneuten postoperativen Schmerzen eine Be-
lastung dar. Da durch die Eindringtiefe von ca. 0,3 mm
bei derVerwendung einer Wellenlange von 980 nm eine
ausreichende Koagulationszone und damit auch ver-
bundene Blutstillung erreicht wird, verwendeten wir das
Cool pro in den letzten Monaten in 53 Fallen standard-
mafig (Leistung 5-11 Watt/0,01/0,01sec). Die Schleim-
hautdicke reichte von 0,5 bis5 mm, die Messung erfolgte
mit dem Implant Locator der Firma Steco. Die Patien-
tenzufriedenheit war sehr hoch (49 von 53 postoperativ
beschwerdefrei), vier Patienten hatten leichte Schmer-
zen, wobei die Schleimhautdicke von 2 und 3 mm kei-
nen Ruckschluss auf einen Hitzestau zulieRBen. Bei
Schleimhautdicken bis 3 mm (h=32) &hnelte das Vorge-
hen dem mit einer kleinen Stanze, die umliegende
Schleimhaut wurde mit Gingivaformern aufgedehnt
(Abb. 9-11). In zehn Féllen mit 2Imm wurde komplett
freigelegt. Ab 4 mm verfolgten wir einen lingualen
Schnitt und vernahten die Wundrander wie gewohnt.
Nur bei Frontzahnimplantaten wurde der Abdruck nicht
bei der Freilegung genommen und 7 Tage ein Gingiva-
former verwendet (n=5). Die Ergebnisse waren somit
mehr als zufrieden stellend und versprechen bei Ent-
wicklung unterschiedlicher Faserspitzen gute Anséatze
fur die Zukunft. Daneben werden durch die Blutungs-
freiheit auch die oralchirurgischen Eingriffe blutungsfrei
mdglich, wie im folgenden Fall einer kieferorthopadi-
schen Eckzahnfreilegung und gleichzeitiger Aufklebung
des Brackets (Abb. 12).

Zusammenfassung

Die Spraykiihlung Cool Pro scheint die Erwartungen zur
Herabsetzung der Nekrosezonen und damit verbunde-
nen Gewinnung von mehr Behandlungssicherheit bei
der chirurgischen Anwendung vom fasergestiitzten La-
sersystem mit 980 nm in der Praxis erfiillen zu kénnen.
Durch Entwicklung geeigneter Faserspitzen sollte die
chirurgische Anwendung noch praziser werden, d.h. mit
weniger Gewebeverlust, sodass in Zukunftauch Anwen-
dungen in der Mukogingivalchirurgie méglich sein durf-
ten. Insgesamt ist das vorhandene System gerade fur Ein-
steiger und implantologisch/chirurgisch orientierte Pra-
xen tauglich.

Wir bitten unsere Leser, die schlechte Qualitat der Bilder
zu entschuldigen! Nach Auskunft des Autors war durch
die Aufnahmetechnik eine bessere Bildqualitat nicht zu
erreichen. — Die Redaktion.

Korrespondenzadresse:

Dr. Gerd Volland

Marktplatz 2, 91560 Heilsbronn
Tel.:09872/72 12, Fax: 098 72/95 56 96
E-Mail: dr.volland@t-online.de




elexxion - powered by technology




selected surgery studies




Lasers in Surgery and Medicine 25:401-406 (1999)

Effects on Oral Soft Tissue Produced by a
Diode Laser In Vitro

K. Goharkhay, Mp, pmp,? A. Moritz, mp, bmp,'* P. Wilder-Smith, mp, omp,2
U. Schoop, Mo, bmp,? W. Kluger, mp,? S, Jakolitsch, mp,! and W. Sperr, Mp, pmMD?

"Depantment of Conservative Dentistry, Dental School, University of Vienna,
A-1090 Vienna, Austria

2Beckman Laser Institute and Medical Clinic, University of California, Irvine,
lrvine, California 82687

Background and Objectives: This investigation determined incision
characteristics and soft-tissue damage resulting from standaxdized in-
cisions using a wide range of laser modes and parameters of a diode
laser at 810 am.

Study Design/Materials and Methods: Histologic examinations were
pexrformed to verify vertical and horizontal tissue damage as well as
incision depth and width.

Results: Incision depth and width correlated strongly with average
powers, but not with laser parameters or the used tips. No laser damage
was visible to the naked eye in the bone underlying the incisions in the
range between 0.5-4.5 W.

Conelusion: The remarkable cuf;tlng ablhty and the tolerable damage
zone clearly show that the diode laser is a very effective and, because of
its excellent coagulation ability, useful altermative im soft-tissue sur-

gery of the oral cavity. Lasers Surg, Med., 25:401—-406, 1999.

© 1999 Wiley-Liss, Inc.

Key words: incision depth; mucosa; collateral tissue damage

INTRODUCTION

The scalpel and the conventional electrosur-
gery unit are the instruments of choice for soft-
tissue surgery. In addition, lasers are an alterna-
tive to conventional surgical systems. Scalpels
have been used for many years because of their
ease of use, accuracy, and minimal damage to the
surrounding tissue. On the other hand, scalpels
cannot provide the hemostasis that is helpful for
use on highly vascular tissue [1].

One characteristic difference between a laser
and a scalpel cut is the generation of a coagulated
tissue layer along the walls of the laser incision
[2]. All laser-tissue interactions produce some de-
- gree of tissue vaporization and a surrounding
zone of thermal necrosis [3]. This zone of thermal
damage should ideally be kept to a minimum, as it
may impede wound healing and graft take, and
reduce tensile strength [2]. Clinical experience
suggests some advantages for laser over scalpel
surgical procedures of the oral tissues. Advan-

© 1999 Wiley-Liss, Inec.

tages of this tool include greater precision, a rela-
tively bloodless surgical and postsurgical course,
sterilization of the surgical area, minimal swell-
ing and scarring, coagulation, vaporization, and
cutting, minimal or no suturing, and much less or
no postsurgical pain [4-6]. Research has consis-
tently demonstrated that laser surgery can be
performed safely by using parameters which pro-
tect underlying bone and tooth structures [7]. The
factors that determine the initial tissue effect in-
clude the lager wavelength, laser power, the avail-
able laser waveform (continuous wave, chopped,
and pulsed beams), tissue optical properties, and
tissue thermal properties {8]. At this time, oral
laser applications do not replace the majority of

*Correspondence to: Prof. A. Moritz, Department of Conser-
vative Dentistry, Dental Schaol, University of Vienna, Waeh-
ringerstr. 25a, A-1030 Vienna, Anstria.

Accepted 25 May 1999
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traditional gsealpel procedures or the high-speed
drill. Certain lasers are ideal for specific oral pro-
cedures, but lasers cannot provide the same effi-
ciency and efficacy as a scalpel for many different
oral procedures [4]. Electrosurgery units produce
adequate hemostasis but result in greater ther-
mal injury and also have the disadvantage of
cauging muscle fasciculations. Reports suggest
that healing is delayed for electrosurgery wounds
when compared with scalpel wounds [1]. The
thermal and histologic events resulting from soft-
tissue incision with different CO, lasers have al-
ready been determined [2]. These examinations
showed that incision depths correlate positively
with the average power [9—-11]. Diode lasers have
been used successfully for conditioning enamel
and dentin surfaces. Furthermore, the diode laser
reveals a bactericidal effect and helps to reduce
inflammation in the root canal and in the peri-
odontal pocket in addition to scaling [12-14].

The aim of this study was to determine inci-
sion characteristics and soft-tissue damage re-
sulting from standardized incisions using a wide
range of laser modes and parameters of a diode
laser at 810 nm.

MATERIALS AND METHODS

For this investigation, 17 fresh pig man-
dibles were used no later than 6 hours after the
animals’ death. Immediately after death, the
mandibles were cooled until 1 hour before use and
then returned to room temperature. Six standard-
ized incisions per laser parameter combination, 3
cm in length, were made in the oral mucosa par-
allel to the border of the mandible. Three incisions
per parameter were positioned 5 mm below the
gingival margin, and three in the thicker soft tis-
sue 5 mm from the lower border of the mandible.
The average thickness of these tissues was 0.8-2
mm. A total of 198 incisions was made. The inci-
gions were performed in the anterior, middie, and
posterior third of the mandible. The incision
length was standardized, with a template posi-
tioned 8 mm below the planned incision site dur-
ing the performance of each incision. The laser
handpiece was attached to a motorized device to

standardize the incision and to control move-

ments. Radiation was applied by the handpiece at
a speed of 10 mm/second and was timed with a
stopwatch. This experimental model has been
used for many years in standardized studies
(2,3,15].

Treatment was carried out with 33 different

settings of the Dentek LD 15 diode laser (Dentek
Austria GMBH, Gasselberg 53-54, A-8564 Gais-
feld, Austria). This laser has a wavelength of 810
nm. The laser output power ranges from 0.5-15
W. A pulse rate of 2—-32 msec in pulsed mode and
a frequency of 1.5—250 Hz can be used. The laser
can also be operated in continuous wave mode.
The target beam is generated by a helium-neon
laser (633 nm, 1 m'W).

The application occured with a 200- or 400-
pm tip. Not only continuous wave (cw), but also
pulsed modes with a frequency of 25 Hz and 30-
msec pulse width, and 50 Hz and 10 msec, were
used. The mentioned output powers do not corre-
spond to the output powers described on the laser
instrument, but were measured directly at the
outflow of radiation with a wattmeter. The 400-
pm tip was used in a measured range of 0.5-4.5
W, whereas a maximum of 2 W could be achieved
for the thinner 200-pum tip.

Immediately after irradiation, incisions were
dissected out with a margin exceeding 5 mm and
divided with. a scalpel. The bone underlying each
incision was marked, labeled, and photographed.
The chief evaluation factor for bone was charring,
which was selected as a gross indicator of signifi-
cant laser-induced thermal damage.

The soft-tissne samples were fixed directly in
10% neutral-buffered formalin for 15 days and
were dehydrated for 8 days in a rising alcohol se-
ries. After treatment with terpineol and toluol for
10 days, the specimens were embedded in paraffin
for another 8 days. A total of 198 wax blocks was
prepared, and 6-um sections were cut routinely
with the microtome and stained with Serius red.
Measurements were made from 15 slides per pa-
rameter and incision site. A photographic record
of the results was made, Incision depth and
width, as well as depth and width of adjacent tis-
sue damage, were determined. A typical slide
with measurement locations is shown in Figure 1,

RESULTS

Mean incision depths and widths, as well as
mean collateral vertical and horizontal damage
measurements and standard deviations, are pre-
sented in Tables 1 and 2, Mean incision depths

_using cw and a 400-um tip measured from 217.5—

647.5 pm, and mean incision widths from 78.8-
357.5 pm. Using the 200-pm tip, mean incision
depths of 405-605 pm and mean widths of 87.6—-
278.3 pm were measured. In the 50-Hz/10-msec
pulsed mode, mean depths ranged from 295-
737.5 pm. Mean widths of 162.5~400 pm were
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Fig. 1. Incisional and collateral effects of diode laser in oral soft tissue.

measured for the 400-pm tip, while mean incision
depths from 240-614.3 pm and mean widths from
103.8-210.3 pm were determined for the 200-pm
tip. The 25-Hz/30 msec pulsed mode revealed
mean depths from 298.5-527 pm and mean
widths from 138.8-377.5 pm for the thicker tip,
and mean incision depths from 201.6-345 pm and
widths from 115.2-244.3 pm for the thinner tip.

Mean vertical damage measured, from 22.5—
85.3 wm and mean horizontal damage from 28.3—
98 um, irrespective of the laser parameters and
tips used.

The depth and width of incision correlated
strongly and positively with. average powers, but
not with laser parameters or the tips used.

To the naked eye, no laser damage was vis-

the thicker soft tissue or in the thinner soft tissue.

DISCUSSION

Histologic events resulting from soft-tissue
incisions with different CO, lasers have already

‘ible in-the bone underlying the incisions; eitherin —

been determined. Histologic effects are related to
the parameters used and the beam characteristics
rather than wavelength; preater damage to the
collateral tissues has been observed with the use
of the constant wave mode. This effect enhances
thermocoagulation to achieve hemostasis and pro-
vide a bloodless surgical field. The desired results
with. the least risk of unwanted thermal damage
can be achieved with very short pulses at the
highest power density for the shortest time pos-
sible [2]. The extent of collateral thermal effects is
smaller by a factor of about 2—-3 for the superpulse
mode in comparison to the ¢w mode {16,17]. A
wide range of clinical effects can be achieved con-
sistently and predictably in soft tissue, depending

of higher average powers correlates with increas-
ing depths of incision. Incision width and collat-
eral damage are the results of complex interac-
tions between the different laser parameter vari-
ables, as mentioned. Incision shape and width are
strongly mode-dependent. The cw mode produces

on the parameter configuration selected. The vse
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TABLE 1. Incisional and Collateral Effects of 400-pm Tip*

Average TPulse Pulse Mean + 8D Mean =+ SD M‘ean + 8D Mea:u = SD
power width repetition incision depth incision width verf_ncal damage honz.ontal
W) (mnsec) (Hz) in pm (n) in pm (n) in pm (n) damage in pm (n)
0.5 ow 217.5 + 12.6 (15) 78.8 + 19.3 (15) 30+ 4.0 (15) 29.8 + 1.3 (15)
1 oW 230 + 18,7 (15) 119.3 + 8.7 (15) 22.5+6.5(15) 37.5 £ 6.5 (15)
1.5 oW 272.3 + 12.3 (15) 175 +23.8 (15) 44.5 £5.3(15) 56.3 + 25 (15)
2 cw 302.6 = 22.2 (16) 206 +17.3 (15) 40 = 8.2 (15) 77.5 2.1 (15)
2.5 ow 4213 +19.3 (15) 277.5 x 90.6 (15) 48.8 + 4.8 (15) 76.8 = 4,6 (15)
3.5 cw 598 £ 9.5 (15) 300 £ 7.1 (15) 46.3 £ 5.1 (15) 73.3+11.6 (15)
4.b ow 647.5 x 9.6 (15) 857.5 + 30.3 (16} 55 + 4.1 (16} 98 x 33.4 (15)
0.6 30 25 298.5 + 11.6 (15) 138.8 + 8.5 (15) 36 £ 12.9 (15) 40 + 4.1 (15)
1 30 26 380 = 40.8 (15) 162.5 + 6,5 (15) 28.3£2.4 (16) 51.8 + 16 (15)
1.5 20 25 416.3 + 13.8 (15) 218.8 £ 1.7 (15) 23.3+ 6.4 (16) 55.75 + 4.3 (15)
2 30 25 488.7 + 12.6 (15) 275.7 = 14.1 (15) 48.6 = 7.7 (15) 49 + 2.6 (15)
2.5 30 25 476.3 + 18 (15) 371.3 = 8.5 (1B) 44.9 +10.2 (15) 66.7 + 5.8 (15)
3.6 30 25 497 + 12.6 (15) 367 + 15 (15) 57.6 £6.5(15) 72.56 + 32 (16)
4.5 30 25 527 + 22.2 (15) 377.56 = 45.7 (15) 56.3 + 4.8 (15) §7.5 = 12.6 (16}
0.5 10 50 205 & 13 (15) 213.75 + 4.8 (18) 28.8 % 3 (15) 37525915
L 10 50 477.5 + 9.6 (15) 162.5 + 8.7 (156) 23.8 + 4.8 (15) 35 + 5.8 (I5)
1.5 10 50 492.5 + 6.5 (15) 248.8 + 9.8 (15) 43.8 + 4.8 (15) 63.3 £ 7(15)

2 10 50 590 = 8.2 (15) 304.8 = 12.7 (16} 34.5+£5.3(15) 55 + 5.8 (15)
2.6 10 60 587 + 20.6 (15) 372.7 £ 20.2 (15) 75 + 20.4 (15) 78.8 + 29.5 (15)
3.6 10 51H 707.5 £ 17.1 (15) 400 + 8.2 (15) 70+ 21.6 (16) 66 + 12.9 (18)
4,5 10 50 737.6 + 9.6 (15) 377.5 = 48 (15) 80 + 35,8 (16) 87.2 + 8.6 (15)

#3D, standard deviation.

TABLE 2. Incisional and Collateral Effects of 200-pm Tip*

 “damage in soft tissues than does the Nd'YA( la-

Average Pulse Pulse Mean + SD Mean = SD Mean = SD Mean = SD
power width repetition incision depth incision width verticel damage horizontal
W) {msec) (Hz) n pm (n) in pm (n) in pm (n) damage in pm (n)
0.5 cW 405 + 20.8 (15) 98.3 x 9.3 (15) 62 = 4.3 (15) 53.9 +8.1(15)
1 cw 4757 £ 8.9(16) 87.68 = 13.7 (15) 478 + 4.7 (15) 55.5 + 11.3 (15)
15 cw 5205 + 29.7 (15) 138.3 £ 9.3 (15) 60.3 £ 5.6 (15) 59.8 = 7.5 (15)
2 oW 605 = 16.38 (15) 278.8 +19.8 (16) 59.6 £ 8.6 (15) 62+ 9.4 (15)
0.5 a0 25 201.6 = 6.3(15) 195.8 % 6.7 (156) 28.3+3.3(15) 28.3 + 3.3 (16)
1 30 25 307.5 + 9.6 (15) 115.2 £11.1(15) 37.6 £ 6.5 (15} 31.5 £ 5(15)
1.5 30 25 262.5 + 6.5 (16> 204.8 £ 9.9 (15) 60.3 + 5.6 (15) 48.8 £ 3 (15)

2 30 25 345 + 12.9 (15) 244.3 £ 8.3 (15) 58.4 £11.6(15) 42.7 = 7.9 (15)
0.6 10 50 240 % 18.3 (15) 103.8 = 11.1 (15) 38.8 + 6.3 (15) 49.5 + 4,2 (15)
1 10 B0 306.4 = 7.7 (15) 111.8 £ 12.5 (15) 85.3 + 8.5 (15) 60.6 = 8.2 (15)
1.5 10 50 566.3 + 12.5 (15) 157.8 + 13.3 (16) 8L4x9(16) 53.1 + 8.5 (15)
2 10 50 6143 £ 11.8(15) 210.83 £ 7.6 {15} 75.9+6.9(16) 56.2 £ 10.5 (15)

*3D, standard deviation.

relatively wide, straight-sided incisions. There-
fore, this mode can cut or ablate large amounts of
tissue. Comparable incisions in depth can be
achieved equally quickly and efficiently at lower
average powers with the superpulse mode [3].

Of the clinically common dental lasers, the
COy, laser usunally produces narrower zones of

dentistry because of concerns regarding possible
damage to neighboring structures, such as teeth
or bone, during soft-tissue laser surgery. Com-
parisons of Nd:YAG and diode laser show that,
when used in contact mode, these two lasers pro-
duce similar extents of tissue vaporization and
zones of thermal necrosis [24]. With 10-12 W, val-

ser because of the greater absorption of the CO,
wavelength by soft tissues [18-20]. The average
zone of damage caused by CO, lasers after laser
incision in soft tissues is less than 0.6 mm [16,18,
21-23]. This finding is directly relevant to clinical

ues of 0.625 and 0.79, respectively, and 0.48 and
0.9 mm, respectively, are obtained with diode and
Nd:YAG lasers [25,26]. Although the extent of tis-
sue vaporization at low powers is less for the di-
ode laser, these differences are not apparent at
higher laser powers and energies that can be
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clinically applied with commercially available
units [24].

However, the radiation of a diode laser
shows a greater absorption and a smaller pen-
etration depth than that of a Nd:YAG laser, espe-
cially in blood-rich tissue. The wavelength of the
diode laser is considerably more absorbed due to
hemoglobin than that of the Nd:YAG laser. This
causes not only a better incision performance but
also an excellent coagulation of tissue [27]. The
thickness of the charring layer and the coagula-
tion layer, and incision depth, are similar for the
diode laser and the Nd:YAG laser with the same
laser settings [25].

Advantages of the dicde laser seemn in our
clinical routine are that it requires no anesthetics
and that the wounds heal softly. Moreover, its
simple use allows very good modeling of the gin-
giva.

Favorable results in other dental areas en-
couraged us to determine the surgical effects on
soft tissue produced by a diode laser, using two
different tips in continuous wave mode and two
pulsed modes. According to our results, the inci-
sion depth correlates strongly and positively with
the average power, whereas incision shape and
width depend neither on the mode used, nor on
the fiber. These results confirm the findings re-
ported by Judy et al. [26], who investigated the
Nd:YAG laser. A possible explanation miay be the
chopped operating mode of the diode laser.

The horizontal and vertical damage zone de-
pends neither on the average power, nor on the
mode used or fiber tip. When compared with the
CO, laser, one characteristic difference from the
diode laser can be found, namely that no trend of
greater damage to lateral tissues with the con-
stant wave mode at higher power levels can be
observed. Also, no charring of bone underlying
0.8-mm-thick soft tissue was observed with the
continuous wave mode, or with the pulsed mode
at an average power of 4.5 W. Several authors
have reported that the use of the CO, laser can
result in possible damage to the underlying bone
around teeth when cutting tissues with either
pulsed or continucus wave CO, lasers [2,3,28].
Clayman et al. [29] described minimal damage to

__the bone under gingiva treated with a CO, laser,

but the gingiva healed well, although over a
longer period of time. It is possible that the laser
wavelength is transmitted through the surface
layer of the bone into the inner cancellous tissue.
Simple observation of the surface does not pre-
clude inner damage. However, in this study, low-

power settings were used, so that the possibility of
damage was extremely remote.

Blood circulation acts as a potential, not very
significant coolant. One typical example of heat
convection in tissue is heat transfer due to blood
flow. Due to the low perfusion of most tissues,
however, heat convection is negligible in a first
approximation. Only during long exposures does
it play a significant role [30]. Certainly an adverse
cellular response will over time change the histo-
logical picture of the tissues affected. Yet the fo-
cus of this study was on the measurement of di-
rect thermal damage, not on tissue response to
irradiation.

Contrary to other investigations [3,7], deeper
incisions could be achieved with the diode laser
than were achieved by other authors with the CO,4
or Nd:YAG lager at the same power setting, even
with fewer movements of the delivery system.
Even the horizontal and vertical zones of thermal
damage are in a comparable range. These find-
ings, i.e., the remarkable cutting ability and the
tolerable damage zone, clearly show that the di-
ode laser is a very effective and, because of its
excellent coagulation ability, useful alternative in
soft-tissue surgery of the oral cavity.
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