Ucinak CO2 1 Nd:YAG lasera na

parodontno tkivo u furkaciji
molara

Sazetak

CO, i Nd:YAG laseri najceSce su rabljeni laseri u stomatologiji i u
medicini. Zbog atraumatskog i djelotvornoga rezanja mekih tkiva la-
ser se moZe, izmedu ostalog, rabiti za pulpotomiju mlijecnih i trajnih
mladih zuba. Svrha rada bila je istraZiti ucinak tih dvaju lasera, Cije
su energetske vrijednosti dostatne za ablaciju mekih tkiva, na parodon-
tno tkivo tijekom pulpotomije laserom.

Eksperiment je izvrien na psima mjesancima teskim oko 25 kg. Zi-
votinje su anestezirane pentobarbitalom, trepanirane su pulpne komo-
re molara, a pulpno tkivo je uklonjeno ekskavatorom te ucinjena na-
mjerna trepanacija dna pulpne komore. Parodontno tkivo u furkacij-
skom podrucju obasjano je CO, (2 W/ 10 ms / 5x/s) i Nd:YAG (2W /
20 pps) laserskom zrakom tijekom 3 s. Na histoloskim pripravcima, uci-
njenim 30 odnosno 45 dana nakon obradbe, vidi se povrSinska nekro-
za kosti, upalna infiltracija, fragmentacija kostanih lamela. Prvi zna-
kovi cijeljenja kostane strukture javljaju se kod CO, lasera 45 dana na-
kon obasjavanja stvaranjem novoga koStanog matriksa, osteoida.
Nd:YAG laser dublje prodire u tkivo i uzrokuje opseZnije promjene te
i 45 dana nakon obradbe tim laserom nije opaZeno da parodontna ra-
na zacjeljuje.

Kljucne rijeci: parodontno tkiivo, CO, laser, Nd:YAG laser, histo-
loske promjene

Silvana Jukic

Ivica Ani¢!

Jasna Talan Hranilovi¢?
Dora Najiar-Fleger!

Zavod za bolesti zubi,
Stomatoloski fakultet
Sveucilista u Zagrebu,
Gunduliéeva 5,

10000 Zagreb, Hrvatska
ZKlinicki zavod za patologiju
“Ljudevit Jurak” Klinicke
bolnice “Sestre Milosrdnice”,
Vinogradska c. 29,

10000 Zagreb, Hrvatska

Acta Stomatol Croat
1998; 557—562

IZVORNI ZNANSTVENI
RAD
Primljeno: 14. studenoga 1998.

Adresa za dopisivanje:

Silvana Jukié

Zavod za bolesti zubi
Stomatoloski fakultet
Sveucili§ta u Zagrebu
Gunduliéeva 5,
10000 Zagreb

Uvod

Prva istrazivanja o utjecaju lasera na zubna tki-
va poceli su Goldman i sur. (1), te Stern i sur. (2),
ubrzo nakon Maimanova izuma lasera 1960. godi-
ne, a slijedio ih je ¢itav niz autora u laboratorijskim
1 klini¢kim ispitivanjima. Danas postoji vise od 600

vrsta laserskih aktivnih sredstava koja odreduju val-
ne duzine laserskoga svjetla, a u stomatologiji su
najceSce upotrebljavaju CO, i Nd:YAG laseri
(3.4).

Uporaba lasera u somatologiji moZe se u grubo
podijeliti na postupak na tvrdim tkivima i na kirur-
giju mekih tkiva (5), premda se laser takoder moze
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rabiti za dijagnostiku (1), analgeziju (6), biostimu-
laciju (7) i za polimerizaciju kompozita (8).

Uspjesna uporaba lasera u parodontologiji, ko-
jom prednjaci pred drugim tehnikama, ocituje se u
gingivoplastici i u uklanjanju hiperplasti¢énoga gin-
givnog tkiva (9). Osim toga, laser se moze upotri-
jebiti za ¢iscenje kamenca (10), za kiretazu mekih
tkiva (11) i zagladivanje povrsine korijena (12).

S obzirom na ¢injenicu da laser reze tkivo dje-
lotvorno i atraumatski, moZe se uporabiti za pulpo-
tomiju mlije¢nih i trajnih mladih zuba (13, 14). Ti-
jekom rada svrdlima u pulpnoj komorici incidentno
se moZe probiti dno pulpne komore i nenamjerno
obasjati furkacijsko podrucje parodonta. Zato smo
u ovome radu htjeli ispitati u¢inak CO, i Nd:YAG
laserskih zraka, ¢ije su vrijednosti energije dostat-
ne za ablaciju mekih tkiva, na parodontno tkivo fur-
kacije psecih molara nakon neposrednog obasjava-
nja te na histoloskim pripravcima pronaci znakove
zacjeljivanja tkiva.

Materijal i metoda

Eeksperiment smo proveli na dvama psima mje-
Sancima teskim oko 25 kg. Anestezirani su s 30 mg
pentobarbitala po kg tjelesne teZine, a ako se poka-
zala potreba dodatno je injiciran anestetik intrape-
ritonealno. Za vrijeme zahvata, glave Zivotinja bile
su omotane sterilnim kompresama. Na tretirane je
zube postavljen rubber dam. Usta Zivotinja drZzana
su otvorena drZzacem celjusti postavljenim na strani
suprotnoj od radne. Pulpne komore gornjih molara
trepanirane su visokoturaznom vrtaljkom uz hlade-
nje sterilnom destiliranom vodom, a pulpno je tki-
vo uklonjeno ostrim ekskavatorom. Namjerno je izv-
rena trepanacija dna pulpne komore sa sterilnim ce-
liénim svrdlom kako bi se prikazalo podrucje fur-
kacije. Rana je isprana s 0,9 postotnom otopinom
natrij klorida. Podru¢ja furkacije desne strane gor-
nje Celjusti obasjavana su s CO, LX-20D (Luxar
Corp., Bothel, WA, USA) laserom (2W / 5x10 ms/
s) tijekom 3 sekunde. Furkacijska podrucja lijeve
strane ¢eljusti obasjavana su s Nd:YAG dLase-300
(American Dental Laser, Fremont, CA, USA) lase-
rom (2W/20 pps) isto vrijeme.

Zraka CO, lasera provedena je savitljivim Sup-

ljim vodi¢em zraka koji se zavrSava metalnim na-
stavkom promjera 0,8 mm, a zraka Nd:YAG lasera

provedena je do tkiva savitljivim optickim vlaknom
promjera 300 pm.

Zube tretirane u eksperimentu, nakon obasjava-
nja, ispunili smo polikarboksilatnim cementom
“My-Bond Carbo” (Shofu, Inc., Kyoto Japan). Ce-
ment je mijeSan na sterilnoj staklenoj plocici.

Kod oba se je lasera radilo kontaktnim i static-
nim nacinom rada. Pri radu s CO, laserom za svaki
je zub rabljen sterilan kovinski zavrSetak. Nakon
obasjavanja svakoga zuba Nd:YAG laserom, vrh op-
tickog vlakna odrezan je sterilnim skalpelom. Pre-
ostali dio vrha optickoga vlakna, izmedu dvaju oba-
sjavanja, bio je uronjen u 8% otopinu natrij hipo-
klorita (NaOCl).

Petnaest dana nakon prvog dijela pokusa Zivoti-
nje su ponovno anestezirane pentobarbitalom, a po-
stupak je ponovljen na molarima donje celjusti.

Zivotinje su usmréene 45 dana nakon zadnjeg po-
stupka prekomjernom intravenoznom dozom pento-
barbitala. Uklonjeno je meko tkivo i ¢eljusti su re-
secirane. Prije nego $to su ¢eljusti uronjene u 10 po-
stotnu otopinu formalina, uklonjen je cement iz ka-
viteta da bi fiksativ lak§e prodro u preostalo tkivo.
Fiksacija u formalinu trajala je 7 dana, nakon cega
su Celjusti dekalcinirane dnevnim promjenama de-
mineralizacijske otopine (du$i¢na kiselina) raznih
koncentracija. Nakon demineralizacije, od celjusti su
odvojeni mikrotom noZem blokovi tkiva koji su sa-
drzavali tretirane zube i njihov parodont. Za vrije-
me dok su zubi bili uronjeni u Celloidin (Cekudol
+ 30 postotni etanol, Merck, Darrmstad; Germany),
orijentirani su tako da je bilo moguce napraviti sek-
cije usporedne s okomitom osi zuba. Kad se masa
stvrdnula, napravljeno je 6 sekcija srediSnjega dije-
la podrucja furkacije debljine 3 wm. Pripravci su
obojeni hematoxylinom i eosinom i histolo§ki su
analizirani mikroskopom (AMPLIVAL, Carl Zeiss
Jena, Germany).

Rezultati

Na povrsini mjesta trepanacije u furkaciji mola-
ra obasjavanih CO, laserom nalaze se Cestice kar-
bonificiranog odnosno nekroti¢nog tkiva. Postoje
limfociti i jaka upalna reakcija. Ko$tano tkivo po-
kazuje promjene od destrukcije kortikalnog dijela do
fragmentacija lamela (Slika 1). Postoji razrjeSenje
kosti, koStane gredice su stanjene i nepravilne, a na
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Slika 1. Upala, nepravilne kostane gredice te resorpcija ce-
menta HE pov. x 40

Figure 1. Inflamation, irregular bone trabeculae and cement
resorption HE mag. x 40

njima se pomnijim pregledom pod vecim poveca-
njem opazaju multinuklearne orijaske stanice, oste-
oklasti te resorpcija kosti (Slika 2). KoStane su la-
kune neposredno ispod nekroti¢noga pojasa prazne,
bez osteocita. Krvne su Zile proSirene i uocljiva je
ekstravazacija eritrocita.

Parodontna pukotina je proSirena, a ligamentna
su vlakna naglaSene celularnosti. Cement je neravan
i nazubljen, a postoji resorpcija cementa s uraSta-
njem granulacijskoga tkiva.

Na pripravcima zuba gornje Celjusti, koji su oba-
sjavani 15 dana prije zuba donje celjusti, u dubljim

Slika 2. Resorpcija kosti s umocenim octeoklastima HE pov.
x 200

Figure 2. Resorption of bone with multiplied osteoclasts HE

mag. x 200

pov. x 200

Figure 3. New bone formation - osteoid with osteoblasts HE
mag. x 200

dijelovima kosti, u podrucju pregradnje, vidi se gra-
nulacijsko tkivo (novostvorene kapilare, fibroblasti,
vezivna vlakna i limfociti). Ono se ispreplice s no-
vostvorenim ko$tanim matriksom tj. osteoidom u ko-
jemu jo§ uvijek nije nastala mineralizacija (Slika 3).

Promjene u interradikularnom tkivu uzrokovane
djelovanjem Nd:YAG lasera razlikuju se svojim op-
segom i zahvadanjem dubljih podrucja od onih ko-
je su dobivene CO, laserom. Nekroza na povrSini
parodontne rane je veca. Na nju se nadovezuje upala
s resorpcijom kostanih gredica, a nekroti¢ne, karbo-
nificirane ¢estice moguce je pronaci i u dubljim slo-

Slika 4. Karbonificirano tkivo na povrsini, krvarenje u kosti
te upalna infiltracija HE pov. x 40

Figure 4. Carbonized surface, bleeding in bone and inflamma-
tory infiltration HE mag. x 40
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jevima tkiva (Slika 4). IzraZena je rarefikacija: ko-
Stane gredice su stanjene, a na mjestu spongioze na-
laze se mononuklearne upalne stanice (Slika 5). Ja-
ka fragmentacija kosti seZe u dublja podruéja, a mul-
tinuklearne orijaSke stanice okruzuju fragmente ko-
sti.

Slika 5. Destrukcija kosti: na mjestu spongioze nalaze se
upalne stanice HE pov. x 100

Figure 5. Bone destruction: inflammatory cells on the place of
spongiosis HE mag. x 100

Rasprava

Rabeci laser za uklanjanje bolesnoga dijela pul-
pe iz komore, kako bi se sacuvala vitalnost njezina
radikularnoga dijela, treba imati na umu moguéno-
st jatrogenog obasjavanja u parodontnog tkiva. Pa-
rodont u svojoj strukturi sadrZi meka tkiva primje-
rice vezivno tkivo i epitel, te tvrda mineralizirana
tkiva kao §to su kost i cement. Osobitost kroni¢ne
upale koja zahvaca parodontna tkiva jest stvaranje
granulacijskoga tkiva koje se sastoji od proliferira-
jucih kapilara, nezreloga kolagena te razlicitoga
stupnja celularne infiltracije. Potreba da se ukloni
granulacijsko tkivo ili pak da se preoblikuju meka
tkiva, te njihova uska povezanost s tvrdim tkivima,
takoder cesto dovodi do doticaja laserske zrake pa-
rametara dostatnih za ablaciju mekih tkiva s tvrdim
parodontnim tkivima.

Istrazivanja utjecaja laserskih zraka na minera-
lizirna tkiva i parodont uglavnom se provodila s vri-
jednostima energije vecim od dostatnih za ablaciju
mekih tkiva (15, 16). Vrijednost gustoce energije
CO, lasera (41,28 J/cm?), dostatne za ablaciju gra-

nulacijskoga tkiva iz parodontnih dZepova, rabio je
Williams sa sur. (17) u pokusu na psima. Neposred-
no nakon laserske obradbe, na histoloskim se pri-
pravcima opaZala nekroza kosti na mjestu udara zra-
ke, Siroka 40 do 120 um. Ispod nekroztienoga sloja
bio je pojas avitalne kosti u kojemu su koStane la-
kune bile prazne, bez osteocita ili su njihove jezgre
bile piknoti¢ne. Taj pojas toplinskog ostecenja pro-
teZze se izmedu 30 i 100 um. Prvi znakovi obnav-
ljanja alveolne kosti, u obliku stvaranja novih ko-
Stanih gredica, pojavili su se 14 dana po obasjava-
nju, i to u podrucju gdje nije bilo doticaja s karbo-
nificiranim tkivom. I nakon 28 dana nekroti¢ni po-
jas kosti 1 termi¢cki ostecen sloj su perzistirali prem-
da su se unutar makrofaga opazale ¢estice karboni-
ficiranoga tkiva. U termicki oSteéenom sloju celu-
larna aktivnost bila je minimalna ili je uopce nije bi-
lo.

U ovom istraZivanju rabljene su najvise vrijed-
nosti gustoce energije prethodno upotrebljene za pul-
potomiju. Prve znakove obnove kostanoga tkiva u
smislu stvaranja osteoida, koji se jo§ uvijek nije mi-
neralizirao, pronasli smo tek 45 dana nakon obrad-
be CO, laserom. U ostalim slucajevima nadena je
povrsinska nekroza uz jaku upalnu infiltraciju, pra-
zne kostane lakune bez osteocita, fragmentacija ko-
Stanih gredica, te osteoklasti¢na resorpcija bez zna-
kova regeneracije kosti. Granulacijsko tkivo, nasta-
lo kao posljedica upale, urasta u cement i resorbira
ga. Manja upalna infiltracija i manje izraZena frag-
mentacija opaZene su pri uporabi CO, lasera u uspo-
redbi s uporabom Nd:YAG lasera ¢ije zrake, o¢ito
je, prodiru dublje u koStano tkivo i izazivaju opse-
Znije promjene.

Apsorpcija svjetla Nd:YAG lasera ovisi o boji
tkiva. Kada tkivo dosegne temperaturu na kojoj na-
staje karbonifikacija, tamna boja toga tkiva dodat-
no apsorbira vecu koli¢inu energije Nd:YAG lase-
ra. Uporabom pulsnoga lasera, teoretski, u razdob-
lju izmedu impulsa, tkivo se povrsinski hladi. Me-
dutim, Nd:YAG laser, s nepravilnom i nepredvid-
ljivom apsorpcijom u bilo kojoj to¢ki pojasa prodi-
ranja, gubi taj uc¢inak povrSinskoga hladenja (18).

Spektrofotometrijom odrelene najvise vrijedno-
sti apsorpcije svjetla nedekalcinirane isuSene kosti
krecu se izmedu vrijednosti valnih duzina 2,9 do 3,3
um. U tome podrucju spektra emitira Erb:YAG la-
ser, $to znaci da se njegova energija apsorbira u vrlo
malom obujmu koStanoga tkiva. Voda je jak apsor-
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ber CO, laserskih zraka (10,6 im), a ni jedan osnov-
ni sastavni dio kosti ne apsorbira u vec¢oj mjeri zra-
ke Nd:YAG lasera. Zbog toga ce, dok god zraka
Nd:YAG lasera ne udari u kromofornu tvar u kosti,
ona prodirati dublje u tkivo (15). To objas$njava oSte-
éenje dubljih slojeva kostanoga tkiva te vise karbo-
nifikacija na povr$ini i u dubini rane koje smo opa-
zili u nasem istraZivanju pri uporabi Nd:YAG lase-
ra.

Friedman i sur. (19) ozracivali su alveolarnu kost
resecirajuci vrsak korijena fokusiranom CO, laser-
skom zrakom (15 W). Nakon 6 mjeseci opazili su u
periapikalnom podrucju upalnu infiltraciju, preteZi-
to mononuklearima. Rubno od infiltrata nalazile su
se novostvorene kostane gredice s osteoblastiénim
Supljinama, a u upalnom infiltratu nalaze se cestice
karbonificiranoga tkiva, ¢esto u dodiru s multinukle-
arnim orijaskim stanicama tipa stranoga tijela. Ci-
toplazma ponekih orijaskih stanica sadrZavala je ce-
stice nalik na razgradeno karbonificirano tkivo. Po-
negdje su koStane karbonifikacije bile prekrivene la-
melarnom kosti s osteoblastima na povrS$ini. U eo-
zinofilnom sloju kosti bile su prazne koStane laku-
ne.

Karbonificirane ¢estice Friedman (19) je opazio
unutar tkiva ¢ak 6 mjeseci nakon zahvata, a u na-
Sem su istrazivanju one postojale 45 dana nakon
obradbe. Njihova nazo¢nost pokazuje da su, prem-
da izazivaju imuni odgovor, otporne na bioloske po-
stupke ¢iScenja.

O sporijem cijeljenju koStane rane, uzrokovane
CO, laserom, pisali su Clayman (20) i Small sa su-
radnicima (21). Razlika u brzini cijeljena skalpela i
lasera nestaje ukloni li se sloj karbinificiranoga tki-
va s rane. Suprotno tome, u Williamsovoj studiji
(17) cijeljenje laserski obradivanih podrucja kosti ne
razlikuje se od onih obradivanih kiretom, iako kar-
bonifikacije nisu uklonjene.

McKee (22) je svjetlosnim i elektronskim mikro-
skopom proucavao kratkoro¢ne i dugorocne ucinke
osteotomije mandibule Stakora CO, laserom koja je
radena u svrhu pristupa neizniklome zubnome tki-
vu. Znakovi obnavljanja kosti, i to najviSe novos-
tvorene kosti na rubu lezije uz periost, javljaju se
10 dana od izvrsene laserske osteotomije. Cinjeni-
ca da se je McKee sluzio Stakorima za pokusne Zi-
votinje a ne psima, kao mi u naSem istraZivanju mo-
Ze donekle objasniti povoljnije nalaze o vremenu po-
trebnom za oporavak koStane rane, premda su vri-

jednosti gustoce energije u njegovu pokusu vise ne-
g0 u nasem istraZivanju.

Nedostatak stvaranja nove kosti neposredno uz
karbonificiranu povr§inu McKee (22) objasnjava po-
trebom prethodnog uklanjanja ili preobrazbe takva
tkiva bilo samostalnom aktivnoscu fagocitnih stanica
ili u suradnji s izvanstani¢nim ¢imbenicama mikro-
okolia. Nazo¢nost mnogobrojnih multinuklearnih
orijaskih stanica s fagosomima unutar kojih postoje
Cestice karbonificiranog tkiva, te naboranost stani¢ne
membrane u dodiru s karbonificiranom povr§inom,
govori u prilog stani¢noj resorpciji laserom ozrace-
ne kosti, a enzimtski je mehanizam izvanstani¢ne te-
kucine u drugome planu. Stvaranje nove kosti u do-
diru s avitalnim dijelom stare kosti, u ¢ijim lakuna-
ma nema osteocita, kako se ¢ini, ne ovisi 0 nazoc¢-
nosti zdravih osteocita nego o stanju ko§tanoga ma-
triksa. Novostvorenu kost od stare kosti dijeli, vre-
menski i prostorno, cementna linija ¢iji je organski
ustroj nakupina stani¢nog adheziva, koStanoga fo-
sfoproteina, tj. osteopontina. Pretpostavlja se da taj
Spoj nastaje stani¢nom aktivnoscu i da predstavlja
jedan nacin obradbe povrSine kosti koja prethodi
osteogenezi na mjestu ozljede.

Zakljucak

Vrijeme potrebno da se kost po¢ne obnavljati pri
uporabi CO, lasera iznosi 45 dana, a obradba
Nd:YAG laserom uzokuje opseZnije promjene i bi-
oloskim mehanizmima ¢iScenja treba vjerojatno vi-
Se vremena nego $to je trajao ovaj eksperiment. S
obzirom na nepovoljan u¢inak lasera na parodontno
tkivo, potrebno je tijekom pulpotomije lasersku zra-
ku usmyjeriti u korijenski kanal i izbjegavati slucaj-
no obasjavanje parodontnoga tkiva.

Literatura

1. GOLDMAN L, GOLDMAN B, LIEU NV. Current Laser
Dentistry. Lasers Surg Med 1987; 6: 559 - 562.

2. STERN RH, SOGNNAES RF. Laser beam effect on den-
tal hard tissue. J Dent Res 1964; 43: 873, Abs No 307

3. FRENTZEN M, KOORT HIJ. Lasers in dentistry: new po-
ssibilities with advancing laser technology? Int Dent J
1990; 40: 323 - 332.

4. ANIC I, DZUBUR A, SUTALO J, SKALA K. Tempera-
ture Effect on Hard Dental Tissues and Amalgam Filling

Acta Stomatol Croat, Vol. 32, br. 4, 1998.

561



Silvana Jukic i sur.

Laseri i parodont

10.

11.

12.

13.

Induced by CO, Laser Irradiation. Acta Stomatol Croat;
29: 175 - 183.

WIGDOR HA, WALSH JT, FEATHERSTONE JDB, VI-
SURI SR, FRIED D, WALDVOGEL JL. Lasers in Denti-
stry. Lasers Surg Med 1995; 16: 103 - 133.

WHITTERS CJ, HALL A, CREANOR SL, MOSELY H,
GILMOUR WH, STRANG R, SAUNDERS WP, OR-
CHARDSON R. A clinical study of pulsed Nd:YAG la-
ser-induced pulpal analgesia. J Dent 1995; 23: 145 - 150.
STRANG R, MOSLEY H, CARMICHAEL A. Soft Lasers
- Have Thay a Place in Dentistry? Brit Dent J 1988; 24:
221 - 225.

SHANTALA BM, MUNSHI AK. Laser vs visible-light cu-
red composite resin: An in vitro shear bond study. J Clini-
cal Ped Dent 1995; 19: 121 - 125.

POWELL GL, BAILEY CL, COOPLAND AT, OTIS CN,
FRANK JL, MEYER I. Nd:YAG Laser Excision of a Gi-
ant Gingival Pyiogenic Granuloma of Pregnancy. Lasers
Surg Med 1994; 14: 178 - 183.

TUCKER D, COBB CM, RAPLEY JW, KILLOY W1J.
Morphological Changes Following in Vitro CO, Laser Tre-
atment of Calculus-Ladened Root Surfaces. Lasers Surg
Med 1996; 18: 150 - 156.

MIDDA M, RENTON-HARPER P. Lasers in dentistry.
Brit Dent J 1991; 170: 343 - 346.

WILDER-SMITH P, ARRASTIA AA, SCHELL MJ, LI-
AW L, GRILL G, BERNS MW. Effect of Nd:YAG Laser
Trradiation and Root Planing on the Root Surface: Struc-
tural and Thermal Effects. J Periodontol 1995; 66: 1032 -
- 1039.

ARRASTIA AMA, WILDER-SMITH P, BERNS MW.
Thermal Effects of CO, Laser on the Dental Pulp Cham-
ber and Enamel of Human Primary Teeth: An in Vitro
Investigation. Lasers Surg Med 1995;16: 343 - 350.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SHOJT S, NAKAMURA M, HORIUCHI H. Histopatho-
logical Changes in Dental Pulps Irradiated by CO, Laser:
A Preliminary Report on Laser Pulpotomy. J Endodon
1985; 11: 379 - 384.

NUSS RC, FABIAN RL, SARKAR R, PULIAFITO CA.
Infrared Laser Bone Ablation. Lasers Surg Med 1988; 8:
381 - 391.

MORLOCK BJ, PIPPIN DJ, COBB CM, KILLOY W],
RAPLEY JW. The Effect of Nd:YAG Laser Exposure on
Root Surfaces when Used to Adjunct to Root Planing: An
In Vitro Study. J Periodont 1992; 63: 637 - 641.

WILLIAMS TM, COBB CM, RAPLEY JW, KILLOY W1J.
Histologic Evaluation of Alveolar Bone Following CO, La-
ser Removal of Conective Tissue from Periodontal Defec-
ts. Int J Periodont Rest Dent 1995; 15: 497 - 506.

DEDERICH DN. Laser/tissue ineteraction: What happens
to laser light when it strikes tissue? JADA 1993; 124:
57 - 61.

FRIEDMAN S, ROTSTEIN I, BAB I. Tissue Response
Following CO, Laser Application in Apical Surgery: Lig-
ht Microscopic Assessment in Dogs. Lasers Surg Med
1992; 12: 104 - 111.

CLAYMAN L, FULLER T, BECKMAN H. Healing of
continuos wave and rapid superpulsed, carbon dioxide, la-
ser-induced bone defects. J Oral Surg 1987; 36: 932 - 937.

SMALL IA, OSBORN TP, FULLER T, HUSSIAN M,
KOBERNICK S. Observation of carbon dioxide laser and
bone bur in the osteotomy of the rabit tibia. J Oral Surg
1979; 22: 159 - 166.

MCcKEE MD. Effects of CO, laser Laser Irradiation in Vi-
vo on Rat Alveolar Bone and Incisor Enamel, Dentin and
Pulp. J Dent Res 1993; 72: 1406 - 1417.

562

Acta Stomatol Croat, Vol. 32, br. 4, 1998.



The Effects of CO2 and Nd:YAG
Lasers on Periodontal Tissue in
the Furcations of Molars

Summary

CO, and Nd:YAG lasers are the most commonly used in medicine
and dentistry. Due to atraumatic and efficient cutting of the soft tissue
they can be used for pulpotomy of deciduous and young permanent te-
eth. The aim of this study was to evaluate the effect of these two lasers
with energy parameters used for abblation of soft tissues on the inci-
dently irradiated periodontal tissue during pulpotomy.

Mixed breed dogs weighing 25 kg were used for experiments. The
animals were anesthetized with pentobarbital. Pulp chambers of mo-
lars were opened and pulp tissues removed with a sharp spoon. The
floor of the pulp chamber was penetrated intentionally with a water
cooling low speed steel bur. Periodontal tissue of the furcation region
was irradiated with CO, (2 W/ 10 ms / 5x/s) i Nd:YAG (2W / 20 pps)
lasers for 3 s. Histological analysis made 30 and 45 days after treat-
ment revealed superficial necrosis of bone, inflammatory infiltration and
Jragmentation of bone trabeculae. The first signs of bone healing ap-
peared 45 days after treatment with the CO, laser as formation of new
bone matrix, osteoid. Nd:YAG laser penetrates deeper into bone tissue
and causes more severe changes. Thus 45 days after lasing the bone
with it there were no signs of healing.

Key words: periodontal tissue, co, laser, Nd:YAG laser, histologi-
cal analysis

SR N SR T ST

The first studies on the laser influence on hard

Silvana Juki¢!

Ivica Anié!

Jasna Talan Hranilovié?
Dora Najzar-Fleger!

"Department of Dental
Pathology, School of Dental
Medicine, University of
Zagreb, Gunduliceva 5,
10000 Zagreb, Croatia

*Clinical Department of
Pathology “Ljudevit Jurak”
Clinical Hospital “Sestre
Milosrdnice”, Vinogradska c.
29, 10000 Zagreb, Croatia

fE ety con G N Pupo i A s RS s Sk s

Acta Stomatol Croat
1998; 563—566

ORIFINAL SCIENTIFIC
PAPER
Received: November 14, 1998

Address for correspondence:

Silvana Jukié

Department of Dental
Pathology

School of Dental Medicine
University of Zagreb
Gunduliceva 5,

10000 Zagreb, Croatia

R A B TG

dental tissue were carried out by Goldman et al. (1)
and Stern et al. (2) soon after Mainman’s discovery
of the laser. They were followed by the clinical and
laboratory investigations of many authors. Today
more than 600 laser active substances exist that de-

termine the wave length of the laser beam. CO, and
Nd:YAG lasers are the most commonly used lasers
in dentistry (3,4).

Application of lasers in dentistry can be roughly
classified as procedures on hard and soft tissues (5).
Although the laser can also be used for diagnostics
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(1), analgesia (6), biostimulation (7) and resin com-
posite polymerization (8).

Useful application of the laser in periodontology,
which is superior to other techniques, is gingivopla-
stic and removal of hyperplastic gingival tissue (9).
The laser can also be used for calculus removal (10),
soft tissue curettage (11) and root planing (12).

Because of atraumatic and efficient cutting of
soft tissue the laser can be used for pulpotomy of
deciduous and young permanent teeth (13,14). Du-
ring drilling in the pulp chamber the floor can be
accidentally penetrated and periodontal tissue in fur-
cation can be subsequently unintentionally lased. In
this study our intention was to examine the effect
of CO, and Nd:YAG laser beams on the periodon-
tal tissue of molar furcation in dogs and to detect
signs of healing by histological analysis. The ener-
getic parameters of laser beams were adequate for
soft tissue ablation and the lasing was performed in
contact mode.

Materials and methods

Two mixed breed dogs each weighing 25 kg, we-
re used in this experiment. They were anesthetized
with 30 mg sodium pentobarbitone per kg/wt and if
necessary the anesthetic was added intraperitoneal.
During the procedure the head of each animal was
covered with sterile sheet. A rubber dam was pla-
ced on the tooth to be treated. The jaws of the ani-
mals were held open with a self-locking canine gag
placed on the opposite side to that being operated.
The pulp chambers of the upper molars were pene-
trated using a high speed diamond drill with sterile
distilled water coolant. Pulp tissue was removed
from the pulp chamber with a sharp excavator. In
order to expose the periodontal tissue of the furca-
tion region the floors of the pulp chamber were pe-
netrated with sterile steel bur. The wounds were rin-
sed with 0.9% solution of natrium chloride. The fur-
cation regions of the right side of the upper jaw were
lased with CO, LX-20D (Luxar Corp., Bothel, WA,
USA) laser 2W / 5x10 ms/s) for 3s. Furcations of
the left side of the upper jaw were irradiated with
Nd:YAG dLase-300 (American Dental Laser, Fre-
mont, CA, USA) laser (2W/20 pps) for 3 s.

The CO, laser beam was delivered through a fle-
xible hollow fibre which ends with a fine metal tu-

be, 0.8 mm in diameter. Nd:YAG laser beam was
delivered to the tissue through flexible fibre 300 pm
in diameter.

After lasing, the teeth treated in the experiment
were filled with polycarboxylat cement “My-Bond
Carbo” (Shofu, Inc., Kyoto Japan). The cement was
mixed on a sterile glass plate.

In both lasers, the procedure was performed in
contact and static mode. In the case of the CO, la-
ser, a sterile metal tube was used for each tooth. Af-
ter lasing of each tooth with Nd:YAG laser, the fi-
bre tip was cut with a sterile scalpel. Between the
lasing procedures the tip of the remaining fibre was
kept in 8% NaOCl solution.

Fifteen days after the first treatment, the animals
were anesthetized again and the procedure repeated
on the molars of the lower jaws.

The animals were killed 45 days after the last tre-
atment by an intravenous overdose of pentobarbi-
tone sodium. The soft tissues over the jaws were re-
moved and the jaws resected. Before submerging the
jaws in 10% formalin solution, the cement from the
cavities was removed to allow the fixative better pe-
netration into the remaining tissue. Fixation lasted
for 7 days. After which demineralization followed,
with daily changes of demineralizing solutions (ni-
tric acid) of different concentrations. After demine-
ralization, the tissue blocks, consisting of individu-
al teeth and surrounding periodontal tissue, were se-
parated from the jaws using a microtome blade.
When embedding into Celloidin (Cekudol + 30%
ethanol, Merck, Darrmstad; Germany), the teeth we-
re positioned to allow subsequent sectioning paral-
lel to the longitudinal axis of the teeth. After harde-
ning, serial sections at 3 tm were obtained and six
sections from the central area of the furcation. The
sections were stained with hematoxylin and eosin,
and histologically evaluated under the microscope
(AMPLIVAL, Carl Zeiss Jena, Germany) by a pat-
hologist.

Results

In the superficial zone of the bur the penetration
area of the teeth lased with CO, laser carbonized,
respectively, necrotic tissue was seen. Marleed in-
flammation and lymphocytes were present. In bone
tissue gradients of changes from destruction of cor-
ticalis to fragmentation of lamellae could be seen
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(Figure 1). Rarefaction of bone was present. Trabe-
culae were tiny and irregular and under higher mag-
nification multinuclerar giant cells and osteoclasts
could be seen on their borders. Bone resorption was
present (Figure 2). Bone lacunae below the zone of
necrosis were empty, without osteocytes. Blood ve-
ssels were dilated and extravasation of erythrocytes
was noted.

The periodontal ligament was widened, and cel-
lularity emphasized. Cementum was rough and scal-
loped, and resorption of cementum with penetrating
granulation tissue was observed.

On the histological sections of the upper jaws,
which were lased 15 days prior to the lower jaws,
in deeper parts of the bone, on the area of rebuil-
ding bone granulation tissue could be seen (newborn
capillaries, fibroblasts, connective fibers and
lymphocytes). It was interwoven with newborn bo-
ne matrix i.e. osteoid, which was not jet minerali-
zed.

Changes in interradicular tissue caused by the
Nd:YAG laser differed from these of the CO, laser
with regard to the severity and deep tissue reaction.
Necrosis on the surface of the periodontal wound
was more prominent and so was inflammation and
resorption of bone trabeculae. Necrotic, carbonized
particles could be found in deeper bone layers (Fi-
gure 4). Rarefaction of bone was marked: bone tra-
beculae were tiny and mononuclear inflammation
cells replaced the spongiosis (Figure 5). Severe frag-
mentation of the bone reached deeper portions and
multinuclear giant cells surrounded the bone frag-
ments.

Discussion

When using the laser to remove pulp tissue from
the pulp chamber, the possibility of iatrogenic irra-
diation of periodontal tissue should be kept in mind
in order to maintain the vital remainder of radicular
pulp tissue. Periodontal tissue consists of soft tissue:
connective and epithelial tissue, and hard minerali-
zed tissue such as bone and cement. A characteri-
stic of chronic inflammation of periodontal tissue is
proliferation of granulation tissue which consists of
proliferating capillaries, immature collagen fibers
and various degrees of cell infiltration. The remo-
val of granulation tissue or reshaping of soft tissue

by laser also leads to irradiation of hard tissue with
a laser beam of energy parameters for soft tissue
ablation.

Studies on the effects of the laser beam on mi-
neralized and periodontal tissue were mostly perfor-
med with energy parameters higher than those suf-
ficient for soft tissue ablation (15,16). Williams et
al. (17) used CO, laser with energy parameters
(41,28 J/cm?) sufficient for ablation of granulation
tissue from the periodontal pocket when performing
experiments on dogs. Immediately after lasing, at the
place where the beam strikes 40 - 120 wm wide bo-
ne necrosis could be seen on histological sections.
Below the necrotic zone there was a zone of devi-
talised bone, where the osseous lacunae were em-
pty, with or without osteocytes, althgough their nu-
clei were picnotic. This zone of thermic injury ex-
tended from 30 to 100 um. The first signs of bone
repair as formation of new bone lacunae appeared
14 days after lasing, but only in the area where ti-
ssue was not carbonized. After 28 days the necrotic
zone of the bone and thermally injured zone persi-
sted although particles of carbonized tissue could be
seen inside the macrophages. In the thermally inju-
red zone cellular activity was minimal or there was
no activity at all.

In this experiment -lasing of periodontal tissue-
the highest energy density was used, as previously
used for pulpotomy. The first signs of bone tissue
repair, i.e. formation of non mineralized osteoid, was
found 45 days after treatment with CO, laser. Su-
perficial necrosis with marked inflammatory infil-
tration was found in other conditions of lasing. Bo-
ne lacunae were devoid of osteocytes. Fragments of
bone trabeculae and osteoclastic resorption with no
sign of bone reparation were also seen in these con-
ditions. Granulation tissue, formed due to of inflam-
mation, developed into cementum, causing its resor-
ption. Less prominent inflammatory infiltration and
fragmentation were noticed in spaces lased with CO,
laser in comparision with these irradiated with
Nd:YAG laser. Obviously Nd:YAG irradiation pe-
netrated deeper into bone tissue and caused more se-
vere changes.

Absorption of Nd:YAG laser beam depends on
the colour of the tissue. When the lased tissue reac-
hes the temperature at which carbonification begins,
the dark colour of that tissue contributes to the hig-
her rate of aborption of the Nd:YAG laser light.
Theoretically using a pulse laser beam, the lased ti-
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ssue cools between the pulses. However, unpredic-
table and irregular absorbtion of the Nd:YAG laser
beam at any point of the zone of penetration make
that superficial cooling effect minimal (18).

The broad absorbtion bands of the nondecalcifi-
ed, dehydrated bone, determined by spectrophoto-
metric method, was in the range 2.7 to 3.3 um wa-
ve length. In that area of the spectrum Erb:YAG la-
ser emits light, signifying that its energy has been
absorbed by a very small amount of bone tissue.
Water is a strong absorber of the CO, laser energy
(10,6), while any major constituent of bone tissue
does not absorb the Nd:YAG laser irradiation. This
explains the penetration of the Nd:YAG laser beams
deep into the tissue until they strike the chromop-
hore substance (15). This it is understandable why
the Nd:YAG laser caused injury to the deeper layer
and more prominent carbonifications on the surfa-
ce and in the inner zone of the tissue which can be
seen in our study.

Friedman et al. (19) irradiated the alveolar bone
while resecting the tip of the root by focused CO,
laser beam (15W). After 6 months they noticed in-
flammatory infiltration, with predominant mononu-
clear cells. On the border of the infiltration newborn
bone trabeculae with osteoblastic cavities could be
seen. Particles of carbonized tissue, often in contact
with multinuclear giant cells of foreign body type,
were present in the inflammatory infiltration. Insi-
de the cytoplasm of the same giant cells were some
particles resembling nondigested carbonizied tissue.
In places the bone carbonifications were covered by
with lamellar bone with osteoblasts on the surface.
Empty bone lacunae could be seen in the eosinop-
hylinic layer.

Friedman (19) noticed carbonized particles in the
tissue even 6 months after treatment. In our experi-
ment such particles were present 45 days after laser
procedure. Their presence confirms resistance to the
biological cleaning mechanism, although they a pro-
voke strong imunological response.

Clayman (20) and Small et al. (21) reported slo-
wer healing of the bone wound treated with CO, la-
ser. If the carbonized layer was removed from the
wound, the difference in healing between the laser
and scalpel wound was not noticeable. In contrast,
in his study Williams (17) did not differentiate the
healing of the laser bone wounds from the bone wo-
unds obtained by the curette, although the carboni-
fications were not removed.

McKee (22) used a light and electronic micro-
scope to examine the effects of CO, laser osteotomy
of a rat mandible done performed for access to a no-
nerupted tooth. The first signs of bone regeneration
appeared 10 days after treatment, mostly as newborn
bone on the border of the lesion near periosteum.
The fact that Friedman used rats as experimental ani-
mals and not dogs as in our experiment, could ex-
plain the faster healing of the bone wounds, altho-
ugh he performed lasing with higher energy density
than us.

The absence of formation of new bone near the
carbonized surface was explained by McKee (22).
For new bone formation removal or transformation
of that tissue by independent activity of phagocyte
cells or by their cooperation with extracellular ele-
ments of microenviroment is necessary. The presen-
ce of many multinuclear giant cells with phagoso-
mes, containing carbonized particles and their ruf-
fled membrane in contact with carbonized tissue cor-
roborates the opinion that the cellular mechanism
was the main agent in resorption of lased bone. En-
zymes from the extracellular matrix are considered
to have had a minor role in that process. The for-
mation of the new bone near the old nonvital bone
with lacunae devoid of ostecytes, appeared to be de-
pendent and on the condition of the bone matrix.not
on the presence of healthy osteocytes. Newborn bo-
ne was separated in space and time from the old bo-
ne by cement lines. This organic structure contai-
ned the cell-adhesive bone matrix phosphoprotein -
osteopontin which is believed to arise from cellular
activity at these sites and could represent one form
of bone surface modification prior to osteogenesis
at these sites of the bone lesions.

Conclusion

The repair of the bone lased with CO, laser star-
ted after 45 days. Treatment with Nd:YAG laser ca-
used more extensive changes and biological mecha-
nisms needed more time than the duration of this ex-
periment to clean the lased area. Because of the ne-
gative influence of the laser on periodontal tissue,
it is recommended that the laser beam should be tar-
geted straight into the root canal during pulpotomy,
to avoid the incidental irradiation of the periodon-
tal tissue.
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