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Ortodontik Dis Hareketinin Biyostimilasyonu
Biostimulation of Orthodontic Tooth Movement

GIRl

Ortodontik tedavi goren hastalarin cogu-
nun tedaviyle ilgili ana sikayeti tedavi stresi-
nin uzunlugudur (1,2). Tedavi stireci uzadik-
¢a hastalarin sikilmalarinin yani sira kok re-
zorbsiyonu, gingivitis ve curik gelisme riski
de artmaktadir.

Son yillarda ortodonti sektoriindeki Gretici
firmalarin dis hareketini hizlandirmak ama-
ciyla braketleri ve telleri modifiye ederek cid-
di sekilde yatirnm yaptigini gormekteyiz. Bazi
arastirmacilar ise ortodontik kuvvetlere bagl
olarak meydana gelen hiicresel diizeydeki
cevaplari ve degisimleri inceleyerek farkli bir
bakis acisindan ¢6zim arayisina girmislerdir.
Bu baglamda disin ortodontik kuvvet uygula-
nan bolgesine kimyasal olarak PGE, (prostag-
landin E) (3-8), 1,25-(OH),D3 (1,25 dihid-
roksikolekalsiferol) (9-12), parathormon (13-
15), diazepam (16), aspirin (17,18) ve non-
steroid anti-inflamatuar ilaglar (19,20) uygu-
lanmistir. Ayrica atimsal elektromanyetik sa-
ha (PEMF) gibi uygulamalarla da fiziksel ola-
rak hizlandirilmigtir (21).

Ancak bu tip uygulamalarin birtakim yan
etkileri oldugu bulunmustur. PGE, enjeksi-
yonu lokal agriya ve kok rezorbsiyonuna se-
bep olurken (8); 1,25-(OH),D3 ve PTH siste-
mik olarak istenmeyen etkiler yaratmaktadir.

Gintmuzde hizla ilerleyen teknoloji sade-
ce endustriyel alanda sinirli kalmayip dis he-
kimliginde teshis yontemlerini kolaylastirici ve
tedavi imkanlarini zenginlestirici etkileri orta-
ya ¢ikmaya baslamistir. Lazer teknolojisi de
tibbin bir¢ok dalinda kendine yer bulan ve et-
kin kullanilan enstriimanlardan biri olmustur.

Lazer isinlarinin dokularda yaratabilecegi
etkiler cesitlidir. Bunlar; biyostimtilasyon, fo-
todinamik reaksiyon, termik reaksiyonlar, fo-
toablasyon, vaporizasyon, koagtilasyon, foto-
distrupsiyon, mikroeksplozyon olarak soyle-
nebilir.

1971 yilindan bu yana disiik doz lazerin
cesitli biyostimuilator etkileri tizerinde caligil-
maktadir. Cesitli arastirmacilar, diistik doz la-
zer 1ginlari ile yara iyilesmesi (22), agr kon-
trolti, fibroblast (23,24) ve kondrosit prolife-
rasyonu (25), sinir rejenerasyonu (26), kolla-
gen sentezi (27,28) ve kemik hticrelerinin di-
feransiyasyon ve proliferasyonunun stimile
edilebildigini bildirmislerdir.

Ortodontik dis hareketi alveoler kemigin
remodellingi ile gerceklestiginden dusiik doz
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INTRODUCTION

One of the most common concerns of pa-
tients during orthodontic treatment is long
duration of treatment (1,2). In addition to pa-
tients being tired, risks for root resorption,
gingival inflammation and dental caries in-
crease when treatment lasts longer.

In recent years, manufacturers modify
bracket designes and utter new archwires to
accelerate tooth movement. Some researc-
hers have been looking for some solutions by
investigating about cellular responses to ort-
hodontic forces. In this context, orthodontic
tooth movement was accelerated chemically
by injecting PGE, (prostaglandin E;) (3-8),
1,25-(OH),D3 (1,25 dihydroxycholecalcife-
rol) (9-12), parathormone (13-15) and admi-
nistering diazepam (16), aspirin (17,18) and
non-steroid anti-inflammatories (19,20) syste-
mically. Also faster tooth movement was ac-
hieved by pulsed electromagnetic field
(PEMF) application (21).

However, there are some adverse effects of
these applications. While PGE, injection
causes local pain and root resorption (8),
1,25-(OH);D3 and PTH have some systemic
side effects.

Nowadays, fast emerging technology im-
proves not only in industrial area but also in
diagnostic and therapeutic methods of den-
tistry. Laser technology is one of the useful in-
ventions having common use in medical fi-
eld.

Laser beams create different effects in tis-
sues such as biostimulation, photodynamic
reaction, termic reactions, photoablation, va-
porization, coagulation, photodistruption
and microexplosion.

Researchers have been studying the biosti-
mulatory effects of low level laser since
1971. There are many articles indicating that
wound healing (22), pain control, fibroblast
(23,24) and chondrocyt proliferation (25),
nerve regeneration (26) and differentiation,
collagen synthesis (27,28) and proliferation
of bone cells could be stimulated by low le-
vel laser therapy.

Because orthodontic tooth movement oc-
curs by remodelling of alveolar bone, it has
been thought that this process could be sti-
mulated by low level laser therapy. However,
the researches about this topic are inadequa-
te and the results are controversial.

o
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Sekil 1: Seviyeleme sonrasi

kanin distalizasyonu safhasi.

Figure 1: Canine distalization
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lazerin dis hareketi hizi tizerine etkileri de
yeni bir arastirma konusu olmustur. Ancak bu
konuda yapilmis calismalar sayica yetersiz
olmakla birlikte dozaj ve sonuglar konusun-
da fikir birligi olusmamuistir.

Bu calismadaki amacimiz, Nd:YAG lazer
kullaniminin maksiller kanin dislerin distali-
zasyon hizi tzerine olan etkilerini degerlen-
dirmektir.

BIREYLER ve YONTEM

Calismaya Cumhuriyet Universitesi Dishe-
kimligi Fakiiltesi Ortodonti Anabilim Dal Kli-
nigine tedavi olmak amaciyla bagvuran, 15-19
yaslari arasinda, 9'u kiz, 5'i erkek olmak tze-
re toplam 14 hasta dahil edilmistir. Calisma
icin Cumhuriyet Universitesi Dis Hekimligi
Fakdiltesi Arastirma Etik Kurulu’ndan izin alin-
mis; uygun olan hastalara yapilacak islemler
anlatihp prosediri kabul edenlere ‘Bilgilendi-
rilmis Onam Formu’ imzalatilmistir. Hastalar
su kistaslara gore calismaya alinmugtir:

a) Hastanin herhangi bir sistemik rahatsizli-
ginin olmamasi,

b) Kemik metabolizmasi (ortodontik dis ha-
reketi acisindan) ile cakisacak herhangi bir
ilag kullanmiyor olmasi (6r: analjezik, antienf-
lamatuar, antibiyotik gibi),

c) Hastaya siddetli yer darligi veya bimak-
siller protruzyon tanisi ile 2 veya 4 adet pre-
molar ¢ekimi endikasyonu konmus olmasi,

d) Daha o6nceden herhangi bir ortodontik
tedavi gormemis olmasi

Hastalarin birinci premolar dislerinin ceki-
minin ardindan seviyeleme safhasi ile tedavi-
ye baslanmistir. 0.014", 0.016", 0.018",
0.017"0.025" NiTi ve son olarak 0.017"0.025"
celik arklarin kullanilmasi ile seviyeleme saf-
hasi tamamlanmis ve kanin distalizasyonuna
gecilmistir. Kanin distalizasyonu 0.016"
0.022" celik arklar tizerinde 12 mm lik kapali
yaylar kullanilarak uygulanan 150 gr kuvvetle

Kogoglu-Altan, Sokiicii

The aim of this study was to evaluate the
effects of Nd:YAG laser on maxillary canine
distalization rate.

SUBJECTS and METHODS

The study consisted of 14 patients (9 girls,
5 boys), who were 15-19 yrs old, and refer-
red to Cumhuriyet University, Faculty of
Dentistry, Department of Orthodontics. Ethi-
cal approval was obtained from the Research
Ethical Committee of Cumhuriyet University
Faculty of Dentistry. The patients and their
custodians were informed about the risks and
benefits of the procedures performed. The
subjects gave informed consent to participate
in the study. Patients’” inclusion criteria were:

a) the patient shouldn’t have any systemic
illness,

b) the patient shouldn’t be under medical
treatment that could interfere with orthodon-
tic tooth movement (like analgesics, anti-inf-
lammatory medicine or antibiotics),

c) the patient should have a clinical indi-
cation for the extraction of at least maxillary
first premolars,

d) the patient shouldn't have undergone
any orthodontic treatment before.

After the extraction of teeth, 0.014",
0.016", 0.018", 0.016"0.022" Nitinol and
0.017"0.025" stainless steel arch wires were
used for aligning of dental arches. Afterwards
canine distalization was performed by a 12
mm closed coil spring on a 0.016"0.022" sta-
inless steel arch wire with force of 150 grams
(Fig. 1). The right canines of the patients we-
re included in laser application group and the
left canines were included in control group.
The roots of canines were separated into two
parts as being gingival and apical area both
on the vestibular and palatinal sides and each
parts were irradiated for 10 seconds by
Nd:YAG laser (DEKA, Smarty A10, Carlsbad,

Tiirk Ortodonti Dergisi 2009;22:16-25
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yapilmistir (Resim 1,). Hastalarin dental arkla-
rinin sag tarafi lazer uygulama bolgesi; sol ta-
rafi ise kontrol bolgesi olarak degerlendirilmis-
tir. Kanin diglerin kokleri apikal ve gingival ol-
mak tizere iki boltime ayrilip; bukkal ve lingu-
al yuzlerden ayri ayri her iki bolim icin 10
snlik lazer uygulanmistir. Apikal ve gingival
boltimlerden lazer uygulanirken biyostimiilas-
yon bashgi diseti ile temas halinde mukoza
tzerinde gezdirilmistir. Uygulamalar Nd:YAG
lazer cihazi (DEKA, Smarty A10, Carlsbad,
CA, ABD) ve biyostimiilasyon basligi (cap:
1,12 cm) kullanilarak, giintin ayni saatinde ol-
mak lzere kuvvet aktivasyonundan itibaren
1.,2.,3. ve 7. ginlerde yapilmistir (Resim 2).
Lazer uygulamasi, atim giicti (pulse power): 1
W, 1 atim siresi (pulse width): 100 ns, frekans
(pulse repetition frequency): 10 Hz ve enerji
yogunlugu (energy density): 40 J/cm2 olacak
sekilde yapilmistir. Kanin distalizasyonunun
hemen 6ncesinde ve 1 aylk distalizasyon si-
recinin sonunda hastalardan alinan olciler-
den elde edilen al¢t modeller tizerinde dijital
kumpas yardimiyla distalizasyon miktarlari
hesaplanmistir. Bu amagla kanin braketinin
distal kenari ile molar bant tiiptiniin mesial ke-
nari arasi mesafe olculmastur. Veriler SPSS
10.1 programi kullanilarak Mann-Whitney U
testi ile degerlendirilmistir.

BULGULAR

Yapilan istatistiksel degerlendirme sonu-
cunda lazer uygulanan sag tarafta ortalama
distalizasyon miktarinin 0.94 mm, kontrol bol-
gesi olan sol tarafta ise 1.15 mm oldugu bu-
lunmustur (Tablo 1). Kontrol grubunda kanin
dislerin distalizasyon miktari ¢calisma grubuna
gore daha fazla olmakla beraber istatistiksel
anlamda bir fark saptanmamustir (p=.294).
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CA, USA) and its biostimulation probe
(diameter: 1.12 cm) (Fig. 2). Biostimulation
probe was moved on mucosa in contact po-
sition during irradiation. The pulse power
was 1 W, pulse width was 100 ns, pulse re-
petition frequency was 10 Hz and energy
density was 40 J/cm2. Laser application was
carried out at the same time on the 1st, 2nd,
3rd and 7th day of canine distalization peri-
od. The distalization amounts were defined
on dental casts taken just before and at the
end of the distalization period. Data was
analysed with SPSS 10.1 by Mann-Whitney
U analysis.

RESULTS

The mean distalization amount was 0.94
mm for the study group while it was 1.15 mm
for the control group (Table 1). Although dis-
talization amount was greater in the control
group, the difference between two groups
was not statistically significant (p=.294).

DISCUSSION

Laser irradiation has a variety effects on
tissues ranging from biostimulation to photo-
disruption. Arising effect in the tissue de-
pends on the irradiation time and the energy
density. The effects of laser radiation which
are not accompanied by local temperature
increase in tissues by more than 1°C are cal-
led ‘biostimulating effects’. Such effects co-
uld be obtained with low and mid power la-
sers. For photochemical biostimulation, app-
lications should be performed with low doses
for long duration (29).

Many processes like collagen synthesis,
nerve regeneration, bone repair and wound
healing can be stimulated with laser radiation.

Sekil 2: Ag1z ici lazer

uygulamasi.

Figure 2: Intra oral irradiation.
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Tablo I: Lazer ve kontrol
gruplar distalizasyon

miktarlari.

Table I: Distalization amounts

for laser and control groups.
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Lazer / Laser

Hasta / Case

Kontrol / Control

(mm) (mm)
1 0,1 0,7
2 0,6 0,8
3 1,3 1,4
4 0,9 1,4
5 1,1 1,6
6 0,7 1,1
7 1,0 0,9
8 0,6 0,8
9 0,9 1,0
10 1,1 1,8
11 1,3 1,9
12 1,9 1,9
13 0,8 0,1
14 0,9 0,8
Ortalama/ 0,94 115
Mean
P 0,294

TARTISMA

Lazer 1ginlar dokular Gzerinde biyostimdi-
lasyondan fotodistrupsiyona kadar cesitli etki-
ler yaratmaktadir. Ortaya cikacak etkiyi uygu-
lama stiresi ve giic yogunlugu belirlemektedir.
Lazer isinlarinin dokuda en fazla 1°C lik isi ar-
tis1 yaratarak olusturdugu etkilere 'biyostimii-
lan etkiler' denmektedir. Boylesi etkiler distik
ve orta glicteki lazerlerle elde edilmektedir.
Fotokimyasal biyostimiilasyon saglamak icin
dustik dozlarla sik ve uzun streli uygulamalar
yapmak gerekmektedir (29).

Lazer isinlari ile kollagen sentezi, sinir reje-
nerasyonu, kemik tamiri ve yara iyilesmesi gi-
bi bircok stirec stimle edilebilmektedir.

Dis hekimliginde de, oral mukozadaki aft
ve (lseratif lezyonlarin tedavisi, bazi peri-
odontal defektlerde kemik tamiri, implant son-
rasi osteointegrasyonun hizlandiriimasi gibi
konularda biyostimiilasyondan faydalanilabil-
mektedir. Ornegin Arisu ve Tiirkoz (1064 nm
Nd:YAG lazer, 20 mJ, 10 Hz, 10 sn, cap: 320
pm) calismalarinda Nd:YAG lazer isinlariyla
insan osteoblast hticrelerinin yasama kapasite-
si ve proliferasyonunun stimiile edilebildigini
bildirmislerdir (30). Ueda ve Shimizu (830 nm
GaAlAs diyot lazer, cw, 500 mW) ise lazer
isinlariyla kemik formasyonunun 6nemli 6lgi-
de stimile edildigini ve alkalen fosfataz sevi-
yesinin 6nemli 6lcide arttgini bildirmislerdir
(31). Bu gibi calismalardan yola gikilarak orto-
dontide dise uygulanan mekanik kuvvet son-
rasinda olusan inflamatuar strecin ve kemik
remodelinginin stimtile edilebilecegi distince-
si dogmustur.

Lazer cihazi galisilacak doku ve elde edil-
mek istenen etkiye gore secilmektedir. Calis-

o

In dentistry biostimulation is useful for tre-
atment of aphtous ulcers, bone repair in so-
me periodontal defects and acceleration of
osteointegration after implantation. For ins-
tance, Arisu and Turkoéz (1064 nm Nd:YAG
laser, 20 mJ, 10 Hz, 10 sn, diameter: 320 pm)
found that survival capacity and proliferation
of human osteoblast cells could be stimula-
ted with Nd:YAG laser radiation (30). Ueda
and Shimizu (830 nm Ga-Al-As diode laser,
cw, 500 mW) stimulated bone formation with
laser irradiation and showed that also alkalin
phosphatase levels were increased signifi-
cantly (31). Concordantly, it is thought that
inflammatory process which develops after
exerting mechanical forces on tooth and bo-
ne remodelling can be stimulated as well.

Type of laser device is chosen according to
target tissue and desired effect. Nd:YAG laser
we used emits light inside infrared area with
a wavelenght of 1064 nm. Because absorpti-
on of infrared light is low by hemoglobin and
water, the beams at this wavelenght penetra-
te deeper in tissues. Infrared light emitting la-
ser was chosen due to the aim of this study
which is to stimulate bone cells placed under
soft tissues and deeper in alveolus. Since
Nd:YAG lasers generate phototermal effects,
applications were done with biostimulation
apparatus to defocalize the light (32).

When we searched the literature to decide
the dose we would give, we found that rese-
archers promoting low level laser therapy as
a useful treatment used doses of 2-54 ] (2,33-
35,38). However disagreeing researchers
used doses of 8,1-27 J (36,37). As it’s seen, it's
not sensible to decide whether the amount of

Tiirk Ortodonti Dergisi 2009;22:16-25



altan

5/26/09 10:30 AM Page 21

Ortodontik Dis Hareketinin Biyostimilasyonu
Biostimulation of Orthodontic Tooth Movement

mamizda kullandigimiz Nd:YAG lazer ciha-
z1, 1064 nm lik dalga boyu ile elektromanye-
tik dalga spektrumunda infrared bantta yer al-
maktadir. infrared 1sinlarin hemoglobin ve su
tarafindan absorbsiyonu dustik oldugundan,
bu araliktaki dalga boyuna sahip 1sinlarin do-
kuya penetrasyon derinligi yiksektir. Calis-
mamizin amaci yumusak dokunun altinda
bulunan kemik hicrelerini stimile etmek ol-
dugundan infrared dalga boyuna sahip bir la-
zer cihazi secilmistir. Ancak Nd:YAG lazerler
fototermal etkiler olusturdugundan isinlarin
fokalizasyonunun dagitilabilmesi icin uygu-
lamalar cihazin biyostimulasyon bashgi ile
yapilmistir (32).

Calismada uygulanacak dozu belirlemek
icin gecmiste yapilmis calismalar incelendi-
ginde biyostimilasyonun ortodontik dis hare-
keti hizi tizerine olumlu etkisi oldugunu bildi-
ren arastirmacilarin 2-54 ) arasinda lazer ener-
jisi kullandiklari gorilmektedir (2,33-35,38).
Biyostimtilasyonun ortodontik dis hareketi hi-
z1 Uzerine etkisi olmadigi veya olumsuz etkisi
oldugunu belirten arastirmacilarin uyguladik-
lari doz ise 8,1-27 J arasinda degismektedir
(36,37). Goruldugi gibi doza (joule) dayana-
rak enerji yogunlugu hakkinda az veya ¢ok
seklinde yorum yapmak dogru degildir. Dogru
yorum yapabilmek icin isinlamada kullanilan
lazerin spot genisliginin mutlaka bilinmesi ge-
rekmektedir. Ciinkii spot genisligi iki katina
ciktiginda uygulanan enerji yogunlugu 4 kat
azalmakta veya spot genisligi yariya indiginde
enerji yogunlugu 4 kat artmaktadir. Ancak or-
todontik dis hareketi-diistik doz lazer terapisi-
ni konu alan dort hayvan c¢alismasinin
(2,33,37,38) ikisinde (37,38); hastalar tizerin-
de yiritilen 3 calismanin (34-36) birinde (35)
spot genisliginden bahsedilmemektedir. Dola-
yistyla zaten az olan kaynaklarin bazilari dog-
ru yorumlanamamaktadir.

Ayrica biyostimtlasyonun dis hareketini
hizlandirdigini belirten Cruz ve ark., calisma-
larinda hastalarin kanin dislerine 10 noktadan
lazer uygulamislar (780 nm Ga-Al-As diyot la-
zer, cw, 20 mW, 5 J/cm?) ancak tek noktaya
verdikleri enerjiyi esas almiglardir. Aslinda ka-
nin disine uyguladiklar enerjinin yogunlugu
50 J/cm? iken arastirmacilar bunu 5 J/cm? ola-
rak ifade etmektedirler (34). Dustk doz lazer
terapisini konu alan makalelerde yapilan buna
benzer hesaplama farkliliklari anlam kargasa-
sina yol agmakta; yeni yapilacak arastirma-

Turkish Journal of Orthodontics 2009;22:16-25

energy’s being low or high depending just on
the dose (joule). Laser spot area should be
known to be able to have an opinion about
the energy density. Because when spot area is
doubled, energy density decreases four times
or if spot area is halved energy density beco-
mes quadrupled. However, in two (37,38) of
four animal studies (2,33,37,38) evaluating
the effects of low level laser therapy on ortho-
dontic tooth movement rate, laser spot areas
were not defined. Same condition also con-
sists in one (35) of three studies (34-36) abo-
ut this topic performed on human beings. Be-
sides there aren’t enough studies about this
topic, it couldn’t be able to consider all of
them as well.

Cruz et al studied about the effects of low
level laser therapy (780 nm Ga-Al-As diode
laser, cw, 20 mW, 5 J/cm?) and found that it’s
a useful method for accelerating tooth move-
ment (34). They irradiated the tissue at ten
points around canine teeth but they assessed
the energy density just at one point. Though
total energy amount they gave was 50 J/cm2,
they calculated it as 5 J/cm2. Such calculati-
on differences in laser therapy studies lead to
mean differences and it becomes harder to
determine the useful dose for further studies.

It's easy to define the effective dose for cell
culture, but it's not easy for patients. Altho-
ugh the amount of energy can be calculated
as surface area (cm?), it is not possible to as-
sess the energy in three dimensions as volu-
me (cm?). Besides, when the wavelength of
the light gets longer, beams distribute in tissu-
e in more elliptic form. Hence energy density
in near-surface layers decreases but beams
reach deeper layers in tissue (32). While the
wavelengths used were near 780-860 nm in
almost all studies about this topic, we used a
wavelength of 1064 nm. For this reason it
was thought that when tissue was irradiated
with defined energy dose, the density of radi-
ation of Nd:YAG laser we used would be less
than the diode laser’s at same tissue depth.
That’s why it was decided to irradiate the tis-
sue with laser energy of 40 J/cm?2.

Luger et al irradiated the tissue with light
energy of 64 J/cm? for 14 days. Although this
dose’s being very high for biostimulation, the
researchers promoted that the energy amount
at the target area was 3-6% of the total energy
because scattering of light while transmitting

o
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larda uygun dozu belirlemek zorlasmaktadir.

Yapilan htcre kiltirt calismalarinda etkin
doz kolaylikla saptanabilirken; hasta agzinda
uygun dozu belirlemek o kadar basit degildir.
Probun ytizey alanina (cm?) gore ylizeye ve-
rilen enerji net olarak hesaplanabilirken, 3
boyutlu (cm?3) olarak dastinildigiinde doku-
ya etkiyen gercek doz tam anlamiyla hesap-
lanamamaktadir. Ayrica lazer isinlari, dalga
boyu arttikca doku icerisinde daha eliptik
formda yayildigindan st katmanlardaki ener-
ji yogunlugu azalmakta ve isinlar daha derin-
lere ulasmaktadir (32). Konuyla ilgili makale-
lerin hemen hepsinde 780-860 nm civarinda
dalga boyuna sahip isinlar kullaniimigken; bi-
zim kullandigimiz lazer cihazinin 1ginlari
1064 nm dalga boyuna sahipti. Dolayisiyla
esit miktarda enerji verildiginde esdeger do-
ku derinliginde Nd: YAG lazer isinlarinin
olusturacagi enerji yogunlugunun diyot lazer
isinlarina oranla daha az olacagi g6z éniinde
bulundurularak bu calismada 40 J/cm?lik la-
zer uygulanmustir.

Luger ve ark. calismalarinda ratlarin tibi-
alarinda kirik olusturmus; 14 giin boyunca 64
J/em2lik lazer uygulamiglardir (632,8 nm He-
Ne lazer, cw, 35 mW, 30 dk.). Bu doz biyos-
timtlasyon igin oldukga ytiksek olmasina
ragmen arastirmacilar enerjinin doku kat-
manlarindan gecerken sacildigini (scattering),
bu yiizden hedef alana ulasan enerjinin veri-
len enerjinin sadece %3-6 ‘si kadar oldugunu
belirtmektedirler (39). Woodruff ve ark.’nin
yaptigi meta-analiz ¢alismasinda distik doz
lazer terapisiyle ilgili belirlenen kriterlere uy-
gun tim makaleler gozden gecirilmis; sonug-
ta yara iyilesmesinin biyostimilasyonu icin
etkin doz arahgi 19-32 J/cm? olarak belirlen-
mistir (40). Ayrica diistik doz lazer terapisinin
ortodontik dis hareketi hizi tizerine etkisini
degerlendiren Limpanichkul ve ark. (860 nm
Ga-Al-As diyot lazer, cw, 100 mW, 184 s,
cap:0,09 cm?, 25 J/cm?2) uygulanan 25
J/em?'lik radyasyonun dis hareketi hizi tze-
rinde stimiilasyon veya inhibisyon etkisi ya-
ratmak icin ¢ok distk oldugunu belirtmisler-
dir (36). Tum bunlar g6z 6niine alindiginda,
uygulanan dozun biyostimilasyon icin uy-
gun gorilen degerlerden yiksek tutulmasina
ve enerjinin daha homojen yayilmasi icin uy-
gulamalarin birden fazla noktadan yapilmasi-
na karar verilmistir.

Calismamizda, lazer grubundaki hastalara

o
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through the tissue (39). Woodruff et al deter-
mined the overall effects of laser therapy on
tissue healing by aggregating the literature
and subjecting studies meeting the inclusion
and exclusion criteria to statistical meta-
analysis. They stated that the effective dose
for biostimulation of tissue healing was bet-
ween 19 J/cm2 and 32 J/cm2 (40). Additio-
nally, Limpanichkul et al (860 nm Ga-Al-As
diode laser, cw, 100 mW, 184 s,
diameter:0,09 cm2, 25 J/cm?) found that the
energy density of low level laser therapy at
the surface level (25 J/cm?) was too low to ex-
press either stimulatory or inhibitory effect on
the rate of tooth movement (36). After consi-
dering whole of these, it was decided to keep
the energy density higher than it’s thought to
be appropriate for biostimulation. Besides, ir-
radiations were performed at four points for
more homogeneous distribution of light.

After browsing the literature, we decided
to irradiate 4 times in a week and applicati-
ons were performed on Tst, 2nd, 3rd and 7th
days. Kawasaki et al (830 nm Ga-Al-As diode
laser, cw, 100 mW, 1: 0,6 mm, 54 ], 35,3
W/cm?) found that laser irradiation’s stimula-
tion effect came out in the early period of to-
oth movement (33). In another supporting
study, Saito and Shimizu (830 nm Ga-Al-As
diode laser, cw, 100 mW, diameter: 0,6 mm,
54, 35,3 W/cm?) applied low level laser du-
ring expansion of midpalatal suture in rats
and evaluated the effects of light on bone re-
generation. As a result, they found that one ti-
me or late applications (5th or 6th days) are
noneffective, while applications performed
through Tst — 4th days generated successful
results (41). Youssef et al evaluated the effects
of low level laser therapy on canine distaliza-
tion rate. They performed laser therapy (809
nm Ga-Al-As diode laser, cw, 100 mW, 80 s,
8 J) on 0Oth, 3rd, 7th, 14th days of distalizati-
on and promoted that low level laser therapy
was a useful tool for accelarating tooth move-
ment rate (35).

In this study low level laser therapy of 40
J/ cm2 was performed during distalization of
maxillary canine teeth with 1064 nm
Nd:YAG laser. Tooth movement was found
slightly slower in the laser group although the
difference’s being biometrically insignificant
(p>0.05). Also Seifi et al (Ga-Al-As diode la-
ser, cw, 850 nm, 5 mW, 3 min - 630 nm, 10

Tiirk Ortodonti Dergisi 2009;22:16-25
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1.,2.,3. ve 7. giinlerde lazer uygulanmasina
karar verilmistir. Kawasaki ve ark. lazer 1ginla-
rinin (830 nm Ga-Al-As diyot lazer, cw, 100
mW, ¢ap:0,6 mm, 54 J, 35,3 W/cm2) dis hare-
ketinin erken evrelerinde stimilasyon etkisi
olusturdugunu bildirmektedir (33). Bunu des-
tekleyen baska bir calismada Saito ve Shimizu
(830 nm Ga-Al-As diyot lazer, cw, 100 mW,
¢ap:0,6 mm, 54, 35,3 W/cm?2), ratlarda mid-
palatal suturun ekspansiyonu esnasinda distik
doz lazer uygulayarak sinlarin kemik rejene-
rasyonu tzerindeki etkisini degerlendirmisler-
dir. Calismada bir defalik veya ge¢ donemde
(5-6 guinler) yapilan uygulamalarin faydasi ol-
madigi; 1-4. glinlerde yapilan uygulamalarin-
sa basarili sonuclar olusturdugu belirtilmekte-
dir (41). Youssef ve ark. kanin distalizasyonu
esnasinda distik doz lazer uygulamasinin dis-
talizasyon hizi tizerine etkisini degerlendirdik-
leri calismalarinda hastalara distalizasyonun
0., 3., 7. ve 14. giinlerinde lazer terapisi uygu-
lamiglar (809 nm Ga-Al-As diyot lazer, cw,
100 mW, 80 s, 8 )); sonug olarak diistik doz la-
zer terapisinin dis hareketi hizini arttirma aci-
sindan etkin bir yontem oldugunu bildirmis-
lerdir (35). Literatiirde yer alan ¢alismalara ba-
karak biz de bir hafta icinde dort ayri giinde
lazer uygulamasina yoneldik.

Bu galismada maksiller kanin dislerin dista-
lizasyonu esnasinda 1064 nm Nd:YAG lazer
cihazi ile 40 J/cm2 lik lazer uygulamasi yapil-
mustir. Yapilan istatiksel analize gore, biyomet-
rik olarak 6nemsiz diizeyde olsa da lazer gru-
bunda dis hareketinin kontrol grubuna oranla
daha yavas gerceklestigi saptanmistir. Benzer
sonuclar bulan Seifi ve ark.’na (37) gore (850
nm Ga-Al-As diyot lazer, cw, 5 mW, 3 dk -
630 nm, 10 mW, 5 dk) dis hareketi miktarinin
azalmasi, lazer 1ginlarinin dis hareketinde
onemli gorevi olan prostaglandinleri inhibe et-
mesi yliziinden gelismis olabilir. Prostaglandin
miktarinin azalmasi aragidonik asit metobaliz-
masinin baskilanmasiyla ortaya ¢ikmig olabi-
lir. Baz1 arastirmacilar (42,43 ,44) ise lazer isin-
larinin osteoblastlarin osteositlere dontistimii-
ni geciktirerek hedef alanda daha uzun sire
aktif kalmalarini sagladigini ve bu sayede ke-
mik formasyonunun arttigini belirtmislerdir.
Goulart ve ark.(2), kemik dokusunun iyilesme
hizinin artmasi ve daha kalin kemik trabekil-
lerinin olusmasiyla (45,46) daha mattr bir ke-
mikle karsilasan disin alveol igindeki hareketi-
nin zorlastigini; kontrol grubunda ise daha az
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mW, 5 min) got similar results and indicated
that this situation could be due to inhibition
of prostaglandins which have important role
in tooth movement by laser radiation (37).
Depression of arachidonic acid metabolism
may lead to decrease in prostaglandin levels.
Preliminary studies demonstrated that low-in-
tensity laser irradiation delays osteoblast dif-
ferentiation into osteocytes, allowing them to
be active for a longer period of time in the ir-
radiated area, thus increasing the bone tissu-
e formation (42,43,44). Goulart et al (2) acc-
laimed that the formation of thicker bone tra-
becula (45,46) together with the acceleration
of bone tissue healing may cause an additio-
nal difficulty for orthodontic movement due
to the early appearance of more mature bone
tissue on the laser-irradiated alveolus; in the
control group, the less organized and less
dense bone tissue could facilitate orthodontic
movement.

On account of the effects’ of laser light on
tissues coming into being in reference to
‘Arndt-Schultz’ law, wave lenght, output po-
wer and total irradiation energy determine
the arising effect. Different results of several
studies could be based on the differences in
between dosage and device used. Unfortuna-
tely effective dose has not been determined
yet. Executing the effects of laser on cellular
secretions and moleculer response in peri-
odontal ligament may be helpful for this.

CONCLUSION

In conclusion, we could not observe any
significant effect of low level laser radiation
(40 J/cm?) on the tooth movement rate. This
is probably due to the dose or wavelength of
the radiation we used. Since the bio-stimu-
lant effects of laser therapy has been shown
in many studies, further studies with different
doses should be performed to find out the ap-
propriate dose.
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organize ve daha az yogun olan kemigin dis
hareketini kolaylastirdigini bildirmislerdir.

Lazerin dokular tzerindeki etkisi Arndt-
Schultz kanunu’na gore meydana geldigin-
den, istenen etkilerin elde edilebilmesinde
belirleyici unsurlar, kullanilan dalga boyu, ci-
hazin cikis giici ve dokuya verilen enerji
miktaridir. Calismalarda farkli sonuclar bu-
lunmasi kullanilan lazer cihazinin ve uygula-
ma dozlarinin farkli olmasindan kaynaklana-
bilir. Etkin dozaj konusunda fikir birligi he-
niiz saglanamamistir. Bu sorunun ¢ozimi
icin dis hareketi esnasinda uygulanan diistik
doz lazer terapisinin periodontal ligamentte-
ki hiicresel sekresyonlar ve molekiler yanit
duzeyindeki etkilerinin agiga ¢ikarilmasi fay-
dali olabilir.

SONUC

Calismamiz sonucunda uygulanan 40
J/em?'lik dustik doz lazer isinlarinin dis hare-
keti hizi Gzerine istatiksel acidan anlamli bir
etkisi olmadigi saptanmistir. Calismamiz so-
nuclarinin, verilen enerji miktari (40 J/cm2)
veya dalga boyu (1064 nm) ile iliskili oldugu;
dozun dustik ya da yiksek olmasindan kay-
naklanabilecegi dustintlmistir. Bu amacgla
daha farkli enerji miktari ve dalga boyunu
iceren genis kapsamli calismalar planlan-
maktadir.

Kogoglu-Altan, Sokiicii

KAYNAKLAR/REFERENCES

1. Lew KK. Attitudes and perceptions of adults to-
wards orthodontics treatment in an Asian com-
munity. Commun Dent Oral Epidemiol
1991;21:31-35.

2. Goulart CS, Nouer PRA, Mouramartins L, Garbin
IU, Lizerelli RDZ. Photoradiation and orthodon-
tic movement: experimental study with canines.
Photomed Laser Surg 2006;242:192-196.

3. Goodson JM, McClatchy K, Revell C. Prostaglan-
din induced resorption of the adult rat calvari-
um. J Dent Res 1974;53:670-677.

4. Dewhirst FE, Moss DE, Offenbacher S, Goodson
JM. Levels of prostaglandin E2, tromboxane, and
prostacyclin in periodontal tissue. ] Periodont
Res 1983;18:156-163.

5. Yamasaki K, Shibata Y, Ima-
i S, Tani Y, Shibasaki Y, Fukuhara T. Clinical app-
lication of prostaglandin E1 upon orthodontic to-
oth movement. Am ) Orthod 1984;85:508-518.

6. Chao CF, Shih C, Wang TM, Lo TH. Effect of
prostaglandin E2 on alveolar bone resorption
during orthodontic tooth movement. Acta Anat
1988;132:304-309.

7. Lee W. Experimental study of the effect of pros-
taglandin administration on tooth movement

o

10.

11.

12.

13.

with particular emphasis on the relationship to
the method of PGE1 administration. Am J Ort-
hod 1990;98:231-241.

Brudvik P, Rygh P. Root resorption after injection
of prostaglandin E2 during experimental tooth
movement. Eur ] Orthod 1991;13:255-263.

Gray RW, Weber HP, Dominguez JH, Leamann
J. The metabolism of vitamin D3 and 25-
hydoxyvitamin D3 in normal anephric humans.
] Clin Endocrinol Metab 1974;39:1045-1056.

Weishaar RE, Simpson UR. Vitamin D3 and car-
diovascular function in rats. J Clin Invest
1987;79:1706-1712.

Collins KM, Sinclair MP. The local use of vitamin
D3 to increase the rate of orthodontic tooth mo-
vement. Am J Orthod 1988;94:278-284.

Baran S. Sicanlarda lokal uygulanan 1,25 dihid-
roksikolekalsiferoliin iki farkli dozunun deneysel
ortodontik dis hareketlerine etkilerinin arastiril-
masi, Dicle Universitesi Saghk Bilimleri Enstitii-
sti, Doktora Tezi, Diyarbakir 1992.

Gianelly AA, Schnur RM. The use of parathyro-
id hormone to assist orthodontic tooth move-
ment. Am J Orthod 1969;55:305.

Tiirk Ortodonti Dergisi 2009;22:16-25



altan

5/26/09

15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

10:30 AM Page 25

Ortodontik Dis Hareketinin Biyostimilasyonu
Biostimulation of Orthodontic Tooth Movement

. Engstrom C, Granstrom G, Thilander B. Effect of

orthodontic force on periodontal tissue metabo-
lism. Am ) Orthod 1988;93:486-494.

Soma S, Yamashita K. Effect of continous infusi-
on of PTH on orthodontic tooth movement. J Jpn
Orthod Soc Abstr 1997.

Burrow SJ, Sammon PJ, Tuncay OC. Effects of di-
azepam on orthodontic tooth movement and al-
veolar bone cAMP levels in cats. Am ] Orthod
1986;90:102-105.

. Karadede M. Diisiik doz aspirinin deneysel or-

todontik dis hareketleri tizerine olan etkisinin si-
canlarda incelenmesi. Dicle Universitesi Saglk
Bilimleri Enstitiisii, Doktora Tezi, Diyarbakir,
1992.

. Wong A, Reynolds EC, West VC. The effect of

acetylsalicyclic acid on orthodontic tooth move-
ment in the guinea pig. Am J Orthod
1992;102:360-365.

. Chumbley AB, Tuncay OC. The effect of indo-

methacin (an aspirin-like drug) on the rate of ort-
hodontic tooth movement. Am J Orthod
1986;89:312-314.

Ohkawa S. Effects of orthodontic forces and an-
ti-inflamatory drugs on the mechanical strength
of the periodontium in the rat mandibular first
molar. Am J Orthod 1982;81:498-502.

Stark TM, Sinclair PM. Effect of pulsed electro-
magnetic fields on orthodontic tooth movement.
Am ] Orthod 1987;91:91-104.

Mester E, Mester AF, Mester A. The biomedical
effects of laser application. Lasers Surg Med
1985;5:31-39.

Boulton M, Marshall J. He-Ne laser stimulation
of human fibroblast proliferation and attachment
in vitro. Lasers Life Sci 1986;1:125-134.

Van BH, Bar PRD. Power density and exposure
time of He-Ne laser irradiation are more impor-
tant than total energy dose in photo-biomodula-
tion of human fibroblasts in vitro. Lasers Surg
Med 1992;5:528-537.

Schultz R). Effects of varying intensities of laser
energy on articular cartilage. Lasers Surg Med
1985;5:577-588.

Anders JJ, Borke RC, Woolery SK. Low power la-
ser irradiation alters the rate of regeneration of
the rat facial nevre. Lasers Surg Med
1993;13:72-82.

Abergel RP, Meeker CA, Lam TS. Control of con-
nective tissue metabolism by lasers: Recent de-
velopments and future prospects. ] Am Acad
Dermatol 1984;11:1142-1150.

Balboni GC, Brandi ML Zonefrati R. Effects of
He-Ne/l:R: Laser irradiation on two lines of nor-
mal human fibroblasts in vitro. Arch Ital Anat
Embriol 1986;91:179-188.

Glinkowski W, Pokora L. Lasers in Therapy.
Warsaw, 2001.

Arisu HD, Tirrkoz E, Bala O. Effects of Nd:Yag
laser irradiation on osteoblast cell cultur. Lasers
Med Sci 2006;21:175-180.

Turkish Journal of Orthodontics 2009;22:16-25

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Ueda Y, Shimizu N. Pulse irradiation of low po-
wer laser stimulates bone nodule formation. |
Oral Sci 2001;43:55-60.

Tuner J, Hode L. Laser therapy: Clinical practice
and scientific background. Sweden, Prima Bo-
oks, 2002.

Kawasaki K, Shimizu NV. Effects of low-energy
irradiation on bone remodelling during experi-
mental tooth movement in rats. Lasers Surg and
Med 2000;26:282-291.

Cruz D, Kohara E, Ribeiro M, Wetter N. Effects
of low-intensity laser therapy on the orthodontic
movement velocity of human teeth: a prelimi-
nary study. Lasers Surg Med 2004;35:117-120.

Youssef M, Ashkar S, Hamade E, Gutknecht N,
Lampert F, Mir M. The effect of low-level laser
therapy during orthodontic movement: a preli-
minary study. Lasers Med Sci 2008;23(1):27-33.

Limpanichkul W, Godfrey K, Srisuk N, Rattana-
yatikul C. Effects of low-level laser therapy on
the rate of orthodontic tooth movement. Orthod
Craniofacial Res 2006;9:38-43.

Seifi M, Shafeei HA, Daneshdoost S. Effects of
two types of low-level laser wave lengths (850
and 630 nm) on the orthodontic tooth move-
ments in rabbits. Lasers Med Sci 2007;22:261-4.

Sun X, Zhu X, Xu C, Ye N, Zhu H. Effects of low
energy laser on tooth movement and remodeling
of alveolar bone in rabbits. Hua Xi Kou Qiang Yi
Xue Za Zhi 2001;19(5):290-3.

Luger EJ, Rochkind S, Wollman Y, Kogan G, De-
kel S. Effect of low-power laser irradiation on the
mechanical properties of bone fracture healing
in rats. Lasers Surg Med 1998;22:97-102.

Woodruff L, Bounkeo J, Brannon W, Dawes KS,
Barham CD, Waddell DL, Enwemeka C. The ef-
ficacy of laser therapy in wound repair: a meta
analysis of the literature. Photomed Laser Surg
2004;22(3):241-247.

Saito S, Shimizu N. Stimulatory effects of low-
power laser irradiation on bone regeneration in
midpalatal suture during expansion in the rat.
Am ] Orthod Dentofacial Orthop
1997;111(5):525-32.

Garavello-Freitas |, Baranauskas V, Joazeiro PP.
Low-power laser irradiation improves histo-
morphometrical parameters and bone matrix or-
ganization during tibia wound healing in rats. J
Photochem Photobiol 2003;70:81-89.

Guzzardella GA, Fini M, Torricelli P. Laser sti-
mulation on bone defect healing: an in vitro
study. Lasers Med Sci 2002;17:216-220.

Ozawa Y, Shimizu N, Kariya G. Low-energy la-
ser irradiation stimulates bone nodule formation
at early stages of cell culture in rat calvarial
cells. Bone 1998;22:347-354.

Freitas IGF, Baranauskas V, Cruz-Hofling MA.
Laser effects on osteogenesis. Appl Surface Sci
2000;154:548-554.

Dortbudak O, Haas R, Mailath-Pokorny G. Effect
of low-power laser irradiation on bony implant
sites. Clin Oral Implants Res 2002;13:288-292.

25



