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GiRis

Hizli Gst cene genisletmesi (RME)
maksillanin transversal vyetersizligi, yalanci
Siif Il anomalisi, rinolojik ve respiratuar
rahatsizhiklari bulunan biytme cagindaki
hastalarda kullanilan etkili bir yontemdir (1-
4). Maksillanin transversal anomalilerinin
palatal suturun acgilmasi ile ortopedik
tedavisine iliskin ilk vaka Angell” a aittir (5).
Haas 1961 yilinda RME’ ye yeniden deginmis
ve 1970 yilinda bu tedavinin biytime
doneminde ideal sonuclanacagini vurgula-
mistir (1,6).

Diger tibbi lazer uygulamalarin tersine
dustk enerji seviyeli lazer uygulamasi (LLLT)
termal bir mekanizmanin aksine, bitkilerde
gerceklesen, 1sigin emildigi ve kimyasal bir
donusimin gerceklestigi fotosentez siirecine
benzeyen fotokimyasal bir etki
olusturmaktadir (7). Kizilotesi ya da
kizilotesine yakin spektrumda (600nm-
1000nm) uygulanan LLLT; fotokimyasal,
fotoelektrik ve fotoenerjitik reaksiyonlarla
indiiklenen hiicresel fotobiyomodiilasyon ve
terapotik cevaplari desteklemektedir (8).

Hayvanlar tzerinde ydritilen ve hizli Gst
cene genisletmesi ya da kemik kiriklari ile
birlikte LLLT (GaAs, GaAlAs) uygulanan
histopatolojik calismalar, lazer uygulan-
mayan kontrol grubu ile karsilagtinldiginda
LLLT ile fibroblast cogalmasinda ve osteoid
doku miktarinda artisin meydana geldigini
ortaya koymuslardir. Boylece lazer uygulan-
mayan kontrol grubu ile karsilagtinldiginda
daha hizli kemiklesmenin ve kemik mineral
densitesinde artisin gerceklestigi bildirilmistir
(11-13).

Dustik enerji seviyeli lazer uygulamasi
(LLLT) doku rejenerasyonunun desteklenmesi,
enflamasyonun  azaltilmast  ve agrinin
giderilmesi icin patoloji tizerine 1sin (genellikle
distk glicte lazerler ya da T mW — 500mW
arahginda LED) uygulanmasidir. Diisiik enerji
seviyeli lazer uygulamasinin biyostimilasyon
etkileri arasinda; doku iyilesmesi (25,26),
fibroblast artisi (27,28) ve kondral cogalma
(29), kollajen sentezi (30,31) ve sinir
rejenerasyonu (32) sayilabilir. Guinimiize ait
calismalarda ozellikle lazer terapisi ile kemik
rejerasyonunun hizlandirilmasi  konusuna
odaklanilmistir (8,13).

In vivo calismalar, distk enerji seviyeli
lazer uygulamasinin yara iyilesmesini; kemik
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INTRODUCTION

Rapid maxillary expansion (RME) is an
effective method in growing patients with
transversal deficiency of maxilla, pseudo-
class Il abnormalities, and nasal and
respiratory diseases (1-4). The first case of
palatal suture opening with orthopedic
management in transversal deficiencies of
maxilla was reported by Angell (5) Haas
referred to RPE in 1961 and emphasized that
the result of this treatment would be ideal in
the growth period (1,6).

Unlike other medical laser procedures,
LLLT is not a thermal mechanism, but rather
a photochemical effect comparable to
photosynthesis in plants whereby the light is
absorbed and exerts a chemical change(7).
Low-level lasers, in the red spectral region
and near infrared regions (600-100nm),
promote cellular photobiomodulation effects
and therapeutic responses induced by
photochemical, photoelectric, and photoen-
ergetic reactions (8).

Histopathological studies conducted in
animals with bone fractures or rapid
maxillary expansion (RME) that received LLLT
(GaAs, GaAlAs) revealed an increase in
fibroblast proliferation and osteoid tissue
amount, which indicated faster ossification
and increased bone mineral density (BMD)
when compared with the unirradiated
control group (9-11).

Low level laser therapy (LLLT) is the
application of light (usually a low power laser
or LED in the range of TmW — 500mW) to a
pathology to promote tissue regeneration,
reduce inflammation and relieve pain.
Various biostimulatory effects of low-energy
laser irradiation include wound healing
(25,26), fibroblast (27,28), and chondral
proliferation (29), collagen synthesis (30,31)
and nerve regeneration (32). In particular, the
acceleration of bone regeneration by laser
treatment has been a focus of contemporary
research (8,13).
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rejenerasyonunu hizlandirarak, trabekiler
osteoid doku formasyonunu stimule ederek,
damarlanmayir  arttirarak  ve  osteosit
hticrelerinin  fonksiyonlarinin  modilasyonu
ile kemik kallus reaksiyonunun hizlanmasini
destekleyerek olumlu yonde etkiledigini
gostermistir.

Saito ve ark (10) fareler tizerinde yaptiklari
calismalarinda, LLLT ile RME sonrasinda
palatinal suturada kemik formasyonunda
hizlanma oldugunu belirtilmislerdir. ~ Bu
uygulama ile RME sonrasinda geri dontsin
ortaya ¢itkma riskinin azaltilabilecegi, ayrica
midpalatal suturada yeterli kemik olusumu
icin ihtiyag duyulan retansiyon stiresinin de
kisaltilabilecegi sonucuna varmislardir.

Angeletti ve ark (8) cerrahi destekli hizli
st cene genisletmesi (SARME) sonrasinda
disik enerji seviyeli lazer uygulamasinin
anterior midpalatal suturadaki kemik
densitesi tzerine etkisini in vivo olarak
arastirmiglardir. Dijital periapikal
radyografiler kullanarak yapilan degerlendir-
meler ile  SARME sonrasinda  LLLT
uygulamasinin  anterior suturada kemik
rejenerasyonunu hizlandirdigi sonucuna
varmislardir.

Bu c¢alismanin amaci; biylime cagindaki
bireylerde hizli Gst cene genisletmesi
sirasinda median suturaya uygulanan dusuk
enerji seviyeli lazer uygulamasinin kemik
formasyonu tzerinde etkisi yoktur hipotezini
duistik doz tomografi kullanarak test etmektir.

BIREYLER ve YONTEM

Bu calisma Ege Universitesi Dis Hekimligi
Fakdltesi Ortodonti Anabilim Dali'nda rutin
ortodontik tedavi sirecince hizli ust cene
genisletmesi ihtiyaci olan 30 hasta lzerinde
yuratilmuastir. Bu 30 hastanin 15 i (8 erkek,
7 kiz) kontrol grubunu olusturmaktadir ve bu
gruba lazer uygulanmamistir.  Kontrol
grubunun yas araligi 12-15 yas, ortalama
yaslari ise 14,1 yildir. Calisma grubundaki
bireylerin ise yas araligi 12-15 yil ve vyas
ortalamalari 13,6 yildir.

Calismaya dahil olma kriterleri; (1)
Transversal yonde maksiller iskeletsel darhgin
bulunmasi, 5 mm den daha fazla yer ihtiyaci
bulunan ¢ift tarafli capraz kapanisin
bulunmasi, (2) iskeletsel  olgunluga
erisilmemis olunmasi (3) maksillada travma
hikayesinin olmamasi ya da bu bolgeye

Turkish Journal of Orthodontics 2011;24:83-96

In vivo studies showed that low level laser
therapy has positive effects on wound
healing by accelerating bone regeneration,
stimulating  trabecular  osteoid  tissue
formation, enhancing  vascularisation,
promoting faster metabolism and reaction of
bone callus by modulating the function of
osteocytes.

Saito and ark (10) studied with rats and
defined acceleration in palatinal suture bone
formation after RME with LLLT. They
concluded that this application could reduce
the RPE relapse risk and retention duration
required for sufficient bone formation in
midpalatal suture.

Angeletti et al (8) investigated the effects of
LLLT on the anterior midpalatal suture bone
density after surgically assisted rapid
maxillary expansion (SARME) in vivo. They
concluded that LLLT after SARME accelerates
bone regeneration in the anterior suture by
using digital periapical radiographies.

The purpose of this study was to test the
null hypothesis that LLLT does not effect bone
regeneration in median suture after rapid
maxillary expansion by CT in growing up
individuals thus bone density of midpalatal
suture in laser (1.5 months) and control

groups (3 months) is not equal.

SUBJECTS and METHODS

Our study sample comprised 30 patients
who needed RME during the routine
orthodontic treatment procedures. Of them,
15 were in the control group (8 males, 7
females) and not treated with LLLT. Ages of
the study and control samples ranged
between 12 and 15 years and means were
14.1 and 13.6, respectively.

Inclusion criteria were as follows: 1)
Presence of transversal skeletal maxillary
deficiency, presence of bilateral cross-bite
which requires a space of 5 mm or more, 2)
skeletal immaturity, 3) no trauma or
radiotherapy history for maxilla,4) no surgical

interventions to the study area 5) no
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radyoterapi uygulanmamis olmasi (4) calisma
bolgesine cerrahi bir midahale yapilmamis
olmasi (5) dusuk enerji seviyeli lazer
uygulamasi icin kontrendikasyon
bulunmamasi (6) yeni kemik olusumuna etki
edebilecek dogrudan ya da dolayli herhangi
sistemik hastaligin bulunmamasi (7) apareyin
dogru aktive edilebilmesi icin sozlu
uyaranlara agiklik ve ebeveyn icin yeterli el
becerisinin bulunmasi (8) maksillomandi-
bular bolgede deformasyon ile birlikte
gozlenebilen sendrom goézlenmemesi (9)
dudak-damak yariginin bulunmamasi olarak
siralanmuistir.

Apareyin Dizayni ve Aktivasyonu

Transversal genisletme icin akrilik bonded
hyrax apareyi kullanilmistir. Akrilik kisim
dislerin  bukkal, okluzal ve palatinal
yuizeylerini kaplayacak sekilde yapilmistir.
Akrilin mukoza lzerine tagmasi
engellenerek, palatinal mukozada
enflamasyon gelisimi engellenmistir. Hyrax
vidasi birinci premolar disler arasinda
median palatinal suturaya olabildigince
yakin olacak sekilde yerlestirilmistir. Akrilin
okluzal vyiizeye bakan ylzeyi yeterli
kalinhgin olmasina dikkat edilerek mollenmis
ve maksimum dis temasi saglanmustir.
Boylece cigneme alani arttirilmistir. Akrilik
hyrax ekspansiyon apareyi agza simante
edildikten  sonra  hastalar;  apareyin
aktivasyonu ve apareyin temizligi konusunda
bilgilendirilmistir. Apareyin aktivasyonu
sabah ve aksam vida bir tur (toplam 0.4 mm
aktivasyon) cevrilerek yapilmistir. Yeterli
genisleme elde edildikten sonra vida
sabitlenmis  ve  retansiyon  sirecine
gecilmistir.

Lazer Uygulamasi

Calismamizda distik enerjili lazer kaynagi
olarak diyot lazer (Biolase; Laser smile
marka, 810 nm, 3 W, 45 J/session, 5 seans,
15 saniye, 10gun) kullanilmistir.  Lazer
isinlart dokulara 3,5 cm? genisligindeki
fiberoptik aktarim sistemi ile iletilmistir. Prob
median suturaya paralel tutularak isinlarin
suturaya dik ulagsmasi saglanmistir. Prob
palatinal mukoza ile mimkin oldugu kadar
siki temas olusturacak sekilde yerlestirilmistir.
ilk lazer uygulamasi genisletme icin son
cevirmenin yapilmasindan hemen sonra ayni
glin icerisinde yapilmistir. Lazer uygulamasi
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contraindications for LLLT, 6) absence of any
systemic disease which can interfere directly
or indirectly with new bone generation, 7) in
order to activate the appliance properly, for
the patient being responsive to the verbal
stimulations, and for the parents having
sufficient handcraft, 8) absence of any
syndromes with deformations in
maxillomandibular area, 9) absence of cleft

lip/palate.

Design and Activation of the Appliance

For transversal expansion acrylic bonded
hyrax appliance was used. The acrylic part
was designed to cover the buccal, occlusal
and palatinal surfaces of the teeth.
Inflammation of the palatinal mucosa was
prevented by avoiding the acrylic from
overlaying the mucosa. The Hyrax screw was
located between the first premolar teeth, as
close as possible to the median palatal
suture. The occlusal surface of acrylic was
eroded with paying attention to leave enough
thickness and so maximum teeth contact was
provided and the chewing surfaces were
increased. After the cementation of hyrax
expansion appliance, patients were informed
about how to activate and clean it. The
appliance was activated by turning the screw
once 2 times per day (totally 0.4 mm
activation), in the morning and at night. After
obtaining sufficient expansion, the screw was

fixed and retention was started.

Laser Application

In this study we used diode laser (Biolase;
Laser smile brand, TOWN, COUNTRY 22 810
nm, 3 W, 45 J/session, 5 sessions, 15
seconds, 10 days) as low energy laser source.
Laser beams were transmitted to tissues
through the 3.5 cm wide fiberoptic transmit
system. Probe was applied parallel to the
palatinal suture so the beams were
transmitted to tissue vertically and it was
placed in punctual contact with the mucosa
as much as possible. The first laser

administration was in the same day, right
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10 glin sure icerisinde iki gtinde bir olacak
sekilde 5 seans olarak planlanmistir. Lazer
stirekli modda her seans 15 sn uygulanmistir.
Bu sekilde dokulara ulastirilan enerji 225 J ve
enerji  yogunlugu 65 J/cm  olarak
belirlenmistir.  Her uygulama seansinda
aktarilan toplam enerji 45 ] ve enerji
yogunlugu 13 J/cm “dir. Kontrol grubundaki
bireylere lazer uygulanmamistir.

BT ile Kemik Yogunlugunun

Degerlendirilmesi

Calisma grubundan, lazerin uygulandigi
son seanstan 1.5 ay sonra kontrol grubundan
ise c¢evirmenin tamamlanmasindan 3 ay
sonra dustik doz bilgisayarli tomografi (BT)
kayitlart alinmustir.

BT kayitlari, Toshiba Aquilon 64 (MODEL;
SEHIR; ULKE) ile 0,5 mm kesit kalinhginda
volumetrik olarak alinmistir. Hastalar supine
pozisyonunda getirilmis ve bas gantri icinde
tutulmustur. Cekimler yaklasik 8-10 sn
stirmistir. Gortntilerin elde edilmesinde
pilot imaj cift yonli olarak alinmis ve
boylece otomatik doz ayari vyapilarak
hastanin minimum doz almasi saglanmistir.
Lens ve troid gibi alanlar korunarak bu
bolgeler kesit alani icerisine sokulmamuistir.
BT yumusak ve sert doku rezolusyonlu
cekilmistir. Elde edilen veriler bilgisayar
ortaminda 6l¢iim yapabilmek amaciyla CD
ye kayit edilmistir. Alinan gortnttlerde
maxillofacial bolge isaretlenmistir.
Volumetrik tomografi kayitlari Vitrea 2 (Vital
Images, Minnetonka, Minnesota, ABD)
software ile volumetrik olarak incelenmistir.
Bitiin hastalarin bilgisayarli tomografileri
ayni teknisyen tarafindan ¢ekilmistir. Densite
Olgimleri  ayni  arastirict  tarafindan
yapilmistir.

Bilgisayarli tomografi kayitlari tzerinde
calisma alani su sekilde belirlenmistir:

Sagittal kesitler tizerinde horizontal kesitte
belirlenen orta hattan gegen dizlem
Gzerinde anterior maksiller dentoalveoler
yapida A noktasi belirlenmis ve 4 mm distali
isaretlenmistir. (Sekil 1) Frontal kesitte sagittal
kesitte A noktasinin 4 mm distalinde
belirlenen nokta tzerinden gececek sekilde
calisma vyapilacak dizlem belirlenmistir.
Calisma duizleminde tzerinde iki santral dis
arasinda dentoalveoler kret tepesinden
baglayarak 10 mm yiksekliginde trapezoid

Turkish Journal of Orthodontics 2011,;24:83-96

after the last turn for expansion. Application
was planned to be every other day in 10 days
as 5 sessions and duration was 15 seconds in
the continuous mode. With this approach,
the energy transmitted to the tissues and
energy density was determined to be 225 |
and 65 j/cm . Total energy and energy density
transmitted in every session were 45 J and 13
j/cm , respectively. Control group didn’t get

any laser application.

Bone Density Evaluation with CT

Low-Dose CT was performed 1.5 months
after the last laser application in the study
group and 3 months after the turning was
completed in the control group.

CT records were taken volumetrically with
Toshiba Aquilan (Toshiba Medical Systems,
Otawara Toshigi, Japan) 64 as 0.5 mm thick
sections. The patients were in supine position
and their heads were held in gantry. Scanning
lasted for 8-10 seconds. A two-way pilot
image was taken, so the patient received
minimum dose by automatic dose setting.
Regions like lens and thyroid were not
included in the scanning area in order to
protect them. CT was performed with soft
and hard tissue resolution. The data was
recorded on a CD for computerized
measurements. Maxillofacial region was
labeled in the images. The volumetric
tomography records were evaluated
volumetrically with Vitrea 2 (Vital Images,
Minnetonka, Minnesota, USA) software. All
the CTs were performed by the same
technician. All the densities were measured

by the same researcher.

The investigation area on the CT records
was determined as follows:

The A point of the anterior maxillary
dentoalveolar structure was determined on
the sagittal sections by using the horizontal
midline plane and 4 mm distal of it was
marked (Figure 1). The investigation plane on
the frontal section was determined as passing

over the marked point in previous step. On

87



Furkan:muammer 10/31/11 11:47 AM Page 88

Tablo 1. Lazer ve kontrol
gruplarinda kemik densitesi

Olctimleri

Table 1. Measurement of
bone density in laser and

control groups.

Sekil 1. Yeni olusan kemigin
bilgisayarli tomografi
goriintiileri iizerinde dansite
Olctimleri. Maksiller
dentoalveoler bolgede A

noktasimin 4 mm distali.

Figure 1. Density
measurement of newly
formed bone on computed
tomography images. The 4
mm distal of the A point of
the anterior maxillary

dentoalveolar structure.
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HU Degerleri / HU Values

Maks. / Ortalama

Grup /Group N Min. Max. / Mean Test SS/SD
Lazer / Laser 15 290,8 691,3 4747 . 97,9
Kontrol / Control 15 244 673,3 4721 123,2
* >0.05

alan  olusturulmustur.  (Sekil 2) Kemik
yogunlugu Hounsfield Unit (HU) olarak
hesaplanmis ve not edilmistir.

istatistiksel Analiz

Kontrol ve lazer gruplarindan rastgele
secilen 15 birey dansite 6lctimleri 1 ay sonra
ayni arastirmaci tarafindan tekrarlanmistir.
Tekrarlanan olcimlerle yapilan
karsilastirmalar sonucunda Pearson
Korelasyon testinin  sonuclari  normal
sinirlarda, 0,87 ve 0,94 degerleri arasinda
bulunmustur. Lazer ve kontrol gruplarindan
elde edilen dansite dlctimleri eslestirilmis T
Test ile karsilagtirtlmustir.

BULGULAR

Olctimleri yapilan 30 bireye ait HU
degerleri Tablo 1 de verilmistir. Hem kontrol
grubunda hem de lazer uygulanan grupta
yapilan 6lctimlerde 6lctilen degerler arasinda
varyasyonlar bulunmakla birlikte,
ortalamalar arasindaki fark istatistiksel olarak
anlamli degildir. (p>0.05) Lazer grubunda

S0 L
.

the investigation plane of the frontal section,
a 10 mm high trapezoidal area was formed
starting from the dentoalveolar crest,
between the two central incisors (Figure 2).
The bone density was calculated and noted
as Hounsfield Unit (HU).

Statistical Analysis

The density measurements of either laser
or control groups of 15 randomly selected
subjects were repeated after T month by the
same researcher. It was found that the
Pearson correlations between the two sets of
measurements were normal, between 0.87
and 0.94. Paired sample T test was used to
compare the density measurements between

laser group and control group.

RESULTS
Hounsfield Unit values of 30 individuals

are shown in Table 1. Although there were

Tiirk Ortodonti Dergisi 2011,;24:83-96
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ortalama dansite degeri 474,7 = 97,9 HU,
kontrol grubunda ise 472,1 + 123,2 HU' dur.

TARTISMA

Calismamizda 1,5 ay (45 guin) sonra lazer
gurubundan elde edilen kemik rejenerasyonu
ile 3 aylik (90 giin) stre sonunda elde edilen
rejenerasyon arasinda istatistiksel olarak
anlaml farkliligin - bulunmamasi 3 ayin
sonunda devam eden kemiklesmeye bagli
stabilitenin yari yariya daha kisa stirede elde
edilebilecegini gostermektedir. Bu veriler
hipotezi desteklememektedir ve bu nedenle
hipotez reddedilmistir.

Cesitli arastirmalar lazer uygulamasinin
kemik iyilesmesi lzerine etkisini
histokimyasal ve biyomekanik ozelliklere
gore karsilastirmigtir. Ancak lazerin kemik
iyilesmesindeki kesin mekanizmasi
belirsizdir. Duslk gicte Ga-As-Al lazer
uygulamasi  kemik iyilesme sirecinde
etkilidir. Ctnki lazer yeni kemik olusumu
sirasinda kalsiyumun taginmasini
etkilemektedir (12). Kusakari ve ark. (14)
lazer uygulamasi ile kemik olusumunun
arttirlldigini, protein ve DNA sentezinin
stimule edildigini ve  UMR-106 osteoblast-
benzeri htcrelerinde ALP  aktivitesini
yukseltildigini bildirmislerdir.

LLLT igin wuygulanan dozun vyaninda
uygulamanin zamanlamasi ve uygulama sekli
de onemlidir (10). Lazer uygulamasinin
RME'nin  erken donemde  yapilmasi

Turkish Journal of Orthodontics 2011;24:83-96

intragroup measurement variations, the

difference between the means were not
statistically significant. (p>0.05). The mean
value of density in laser group was 474.7 +
97.9 and 472.1 + 123.2 in control group.

DISCUSSION

There was no statistically significant
difference between bone regeneration with
LLLT after 1.5 months (45 days) and 3 months
(90 days) and we suggested that the
necessary duration for stability achieved by
continuing ossification in 3 months can be
halved. Thus the present findings did not
support the null hypothesis so hypothesis is
rejected.

Several studies have compared the effect
of laser irradiation on bone healing in regard
to histochemical and biomechanical
properties. However, the exact mechanism of
laser in bone healing is unclear. The
application of low power Ga-As-Al laser is
effective in the bone healing process because
it affects calcium transport during new bone
formation (12). Kusakari et al (14) reported
promotion of bone formation by laser
irradiation, stimulation of DNA and protein
synthesis, and elevation of ALP activity in
UMR-106 osteoblast-like cells.

Sekil 2. Yeni olusan kemigin
bilgisayarli tomografi
goriintiileri iizerinde dansite
Olctimleri. Frontal kesitte
elde edilen ¢alisma
diizleminde, santral kesici
disler arasinda alveol kret
tepesinden baslayarak 10
mm yiiksekliginde trapezoid

alan olusturulmustur.

Figure 2. Density
measurement of newly
formed bone on computed
tomography images. The
investigation plane on the
frontal section a 10 mm high
trapezoidal area was formed
starting from the
dentoalveolar crest, between

the two central incisors.
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onemlidir. Kemik rejenerasyonunun stimiile
edilmesi icin lazerin iyilesmenin erken
doneminde uygulanmasi gerekmektedir.
Osteoblast  htcreleri  olgun  olmayan
projenitor hicreler olarak olusmakta ve
kemik  formasyonu sirasinda  olgun
osteoblastlara  farklilasmaktadirlar ~ (15).
Burada hangi hiicrenin osteoblast neslinin
hangi asamasinda lazer uygulamasina cevap
verecegi sorusu ortaya cikmaktadir. Erken
donemde lazer uygulamasi ile hicre
proliferasyonu stimile edilmekte ve ayrica
hicre  farklilasmasi  uyarilarak  kemik
formasyonunda artis gozlenebilmektedir.
Lazer  uygulamasinda  olgunlasmamis
hicreler hedeflenerek bu hicreler tzerinde
farklilasma ve proliferasyon etkisi elde
edilebilmekte olgun kemik htcrelerinde bu
etki sonugsuz kalmaktadir. (13) Shakouri ve
ark. (11) tavsanlarda olusturduklari kiriklar
tzerinde yuruttikleri calismalarinda LLLT nin
kemik  formasyonu lzerine etkisini
degerlendirmislerdir.  Arastiricilara  gore
lazerin kirik olusumunun erken
donemlerinde uygulanmasi ile kemik
iyilesmesinin hizlandirabilecegi bildirilmistir.
Saito ve ark. (10) midpalatal suturaya hizli Gst
cene genisletmesi sonrasi erken donemde
lazer uygulamasinin ge¢ déneme gore daha
etkili oldugunu bildirmislerdir. Daha gec
donemde yapilan lazer uygulamasinin daha
sonra azalabilen kemik rejenerasyon
aktivitesinin korunmasinda rol
oynayabilecegini bildirilmislerdir. Ozawa ve
ark. (13) fare kafatasi hicre kiltirlerini
kullanarak lazer wuygulama zamaninin
biyostimilasyon lzerine etkisini
degerlendirdikleri calismalarinda, erken
donem yapilan uygulamalarin kemik nodul
olusumunda  daha  etkili  oldugunu
bulmuslardir. Sabah ve aksam aktivasyonlar
sirasinda  devam eden stres palatal
segmentleri birbirinden uzaklastirmakta ve
tam anlamiyla kemik rejenerasyon stirecinin
meydana gelmesini engellemektedir. ilk lazer
uygulamasi son aktivasyondan hemen sonra
ayni giin icerisinde yapilmistir. Daha sonra
10 gtinltk siire icerisinde 2 giinde bir olacak
sekilde 5 seans uygulama vyapilmistir. Bu
sayede lazerin midpalatal sutura tizerinde
stimulatif etkisinin devamlihgi saglanmistir.
Tek seansta uzun streli lazer uygulamasi
stimilasyon icin yeterli olmamaktadir. Ayni

Dindaroglu, Oncag, Olmez, Dogan, Giimriikgti-Ertiirk

Application timing and manner of
irradiation are important beside the dose of
LLLT (10). Administrating laser in the early
stages of RPE is substantial. Laser should be
applied in the early phases of healing for
bone regeneration stimulation. Osteoblasts
are recruited as immature progenitor cells,
and differentiate to mature osteoblasts in the
course of bone formation (15), the question
arises as to which cell at what stage of the
osteoblast lineage responds to laser
irradiation. Cell proliferation is stimulated
with early period laser application and
increase in bone formation can be observed
by stimulating cell differentiation. The laser
application targets immature cells and can
lead to their differentiation and proliferation,
but it is useless on the mature bone cells (13).
Shakouri et al (11) evaluated the LLLT effect
on bone formation in their study in which
they used rabbits. According to the
researchers, bone healing can be accelerated
by laser application in the early stages of the
fracture. Saito et al (10) reported that
applying laser to midpalatal suture after RPE
in early periods is more efficient than
applying it in late periods. They reported that
laser application in the late stages might be
helpful to protect bone regeneration activity
which reduces by time. Ozawa et al (13)
studied with rat calvarial cell cultures to
evaluate the effect of laser application timing
on biostimulation and found early stage
interventions are more effective on bone
nodule formation. The continuous stress
during the morning and night activations
splits the palatal segments and prevents an
exact bone regeneration process. The first
laser application was performed in the same
day right after the last activation and then
every other day in 10 days as 5 sessions. So
that continuity of laser’s stimulative effect on
midpalatal suture was achieved.

Long time laser application in one session
is not sufficient for stimulation. Intermittent

application of the same dose to the

Tirk Ortodonti Dergisi 2011,24:83-96
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dozun RME sonrasi median suturaya belirli
bir zaman sirecinde araliklarla verilmesi tek
sefere gore cok daha etkilidir (16). Saito ve
ark.(10) gore tek seans lazer uygulamasinin
kemik formasyonu lizerine etkisi
bulunmamasina ragmen, genisletmenin
erken doénemlerinde cesitli zaman dilimleri
icinde lazerin aralikhi uygulanmasinin etkili
oldugu bulunmustur.

Hizli Gst gene genisletmesi sonrasinda
dental ve iskeletsel etkilerin degerlendiril-
mesi icin okluzal grafiler (20), lateral grafiler
(19), dental modeller veya anteroposterior
grafiler (3,18) kullaniimaktadir. Kemik
rejenerasyonunun in vivo olarak degerlen-
dirilmesinde histomorfometrik yontem de sik
olarak kullaniimaktadir (10,16). Saito ve ark
(10) fareler tizerinde yaptiklari calismalarinda
RME sirasinda dustik enerji seviyeli lazer
uygulamasinin  kemik rejenerasyonunu
stimile ettigini histomorfometrik metot
kullanarak ortaya koymuslardir. Bilgisayarh
tomografiler bu degerlendirmeler icin
distorsiyon, magnifikasyon ve superim-
pozisyon olusumunun oniine gecerek
maksillanin  butiininde 3  boyutta da
guvenilir ~ olgimlerin  yapilabilmesinin
saglamaktadir. (23) Iskeletsel degisikliklerin
3 boyutlu olarak ideal degerlendirilebildigi
bilgisayarli tomografi ile RME sonrasinda
midpalatal suturanin agilmasi degerlendirile-
bilmektedir. (22) Median suturada RME'nin
farkli asamalarinda kemik densitesi ol¢ctimi
icin 6n plana ¢ikan goris, okluzal ya da
periapikal dijital filmler UGzerinde optik
dansite olctimlerinin yapilmasidir. (8,33)
Bilgisayarli tomografilerin kemik dansite
olcuimlerinde kullanimi oldukca vyenidir.
Midpalatal suturada kemik dansitesinin
Hounsfield indeksi ile kantitatif olarak
degerlendirilmesi icin bilgisayarli
tomografinin kullanilmasi 6nerilmektedir.
(21). Lorenza ve ark (24) dusik doz
bilgisayarli tomografi ile farkli zaman
dilimlerinde median suturada dansite
olcumleri yapmislardir.

Lazerin uygulanmasi sirasinda orta hat
lzerinde anterior maksillanin en derin
noktasinin 4 mm distali alinmis ve tomografi
lzerinde bu nokta tzerinde trapezoid alan
olusturulmustur.  Tomografi  kayitlarinin
alinmasi ile diger yontemlerde gozlenebilen
teknik hatalar minimuma indirilerek gercek

Turkish Journal of Orthodontics 2011,;24:83-96

midpalatal suture after RPE for a given time is
more efficient than a single application (16).
According to Saito et al (10) although the
single irradiation had no effect on bone
formation, intermittent application of laser
over several time periods in the early stages
of expansion was found to be effective.

Occlusal radiographs (20), lateral
cephalograms (19) ,dental casts or
anteroposterior cephalograms (3,18) are used
to evaluate the dental and skeletal effects of
RPE. Histomorphometric method is also used
frequently for in vivo evaluation of bone
regeneration (10,16). In their study with rats,
Saito et al (10) used histomorphometric
method and suggested that LLLT during the
RPE stimulates bone regeneration. CTs make
precise three dimensional measurements of
maxilla possible by avoiding distortion,
magnification and superimposition (23). The
opening of the midpalatal suture after RME
was evaluated with computed tomography,
which provides accurate 3-dimensional
assessment of skeletal changes (22). The
leading method for bone density
measurement of median suture in different
stages of RME is optic density measurements
on occlusal or periapical digital radiographs
(8,33). The use of CT for bone density
measurement is a very recent method. It is
proposed to evaluate the bone density
quantitatively with the Hounsfield index in
midpalatal suture (21). Lorenza et al (24)
performed median suture density
measurements in different times with low
dose CT.

During the laser application, 4 mm distal
of the deepest point of anterior maxilla on the
midline was used to form trapezoidal area on
the CT. An actual standardization was
reached by CT records and the technical
handicaps of the other techniques were
minimized. Trapezoidal area was formed in
the maxillary anterior region where the
opening was largest. The new bone

formation takes a longer time in this region.
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bir standardizasyon saglanmistir. Trapezoid
alan acilmanin en fazla gerceklestigi
maksiller 6n bolgeden alinmistir. Bu bolgede
yeni kemik formasyonu daha uzun stirede
gerceklesmektedir. Trapezoid alan alveol kret
tepesinden suturanin kortikal tabakalarini
icine alacak sekilde santral dislerin koklerine
paralel ve bu dislere temas etmeden 10 mm
yuiksekliginde alinmustir.

RPE sonrasi sabit mekaniklerin basarisi ve
ideal tedavi hedeflerine ulasabilmenin
onemli noktalarindan bir tanesi transversal
genisletme sonrasinda elde edilen iliskilerin
korunabilmesidir. Yeni genisletilmis kemik
dokusunda, daha sonra olgunlagsmamis
kemik dokusuna dontisecek olan organize
olmamis yiksek damarlanmaya sahip bag
dokusu bulunmaktadir. (33) Bu nedenle
retansiyon strecine ihtiya¢ duyulmaktadir.
Aktif midahalenin olmadigi bu retansiyon
stireci hasta ve yakinlarinin tedaviye olan
ilgilerinde azalmaya neden olabilirken, agiz
hijyenini  saglamakta da glcliklerle
karsilasilabilmektedir. RME sonrasi stabilite
tzerinde etkili bircok faktor bulunmaktadir.
Bunlar arasinda genisletme miktari (35),
retansiyon  stresinin  uzunlugu  (36),
transversal anomalinin etiyolojisi ve siddeti,
hastanin yasi (3), ve cevre yumusak dokularin
genisletmeye olan  adaptasyonu (37)
sayilabilir.  Bununla birlikte; midpalatal
suturada (10) ve yulzin diger kemiklerinin
baglayan diger suturalardaki (38) kemik
rejenerasyonu, palatal bag dokusunun
gerginligi ve alveoler kemik sekillenmesi (39)
de relapsin  olasi  nedenleri olarak
sayilabilmektedir. Midpalatal suturada sert
dokular aktif genisletme doneminden hemen

sonra yeniden organize olmaya
baslamaktadirlar. Median suturada daha hizli
kemik formasyonunun saglanmasi ile

retansiyon siresini  kisaltmak mumkin
olabilecektir.

Median suturada kemiklesme sutura
boyunca fermuar kapanmasi seklinde
gerceklesmekte ve kemiklesmenin tamam-
lanma stresi  konusunda fikir  birligi
bulunmamaktadir. (42) Kemik rejerasyonu ve
suturanin remodelasyonu icin 3-6 ay arasi
degisen stirelerde retansiyon siresinin yeterli
oldugu belirtilmektedir (33,34). Zimring ve
Isaacson (43) suturanin komsu duvarlari
arasinda dengenin gerceklesmesi icin 6

Dindaroglu, Oncag, Olmez, Dogan, Giimriikgti-Ertiirk

Trapezoidal plane was at 10 mm, included
the cortical layers of the suture, starting from
the alveolar crest and parallel to the central
teeth roots without contacting them.

Maintaining the relations obtained by
transversal expansion is one of the important
issues for success of the fixed appliances after
RPE and achievement of ideal treatment
goals. The immediately expanded bone
tissue presents highly vascular disorganized
connective tissue, which is later replaced by
immature bone tissue (33). Therefore
retention process is necessary. This process
without any active interventions may
attenuate the interest of the patients and
relatives to the treatment and may cause
difficulties for oral hygiene. There are many
factors affecting stability after RPE such as
expansion extent (35), retention duration
(36), transversal abnormality etiology and
severity, age (3) and adaption of the
surrounding soft tissues (37) to expansion. In
addition, bone regeneration at the midpalatal
suture (10) and other sutures connected to
other facial bones (38), tension of palatal
connective tissue and alveoler bone
remodeling (39) are possible reasons for
relapse. Hard tissues of the midpalatal suture
reorganize right after active expansion. By
accelerating bone formation in the median
suture, retention duration might be
decreased.

Ossification in the median suture occurs
as zip closing and there is no consensus
about completion duration of ossification
(42). It is suggested that 3 to 6 months
retention is enough for bone regeneration
and suture remodeling (33,34). Zimring and
Isaacson noticed that six weeks of retention is
sufficient to establish an equilibrium between
contiguous sutural articulation (43), but
Barber and Sims (44) noted that the bony
base continue to relapse for at least nine
months after expansion. Kerbs (45) was able
to show latent instability, four to five years

after treatment when he used the metallic
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haftalik retansiyon stiresinin yeterli oldugunu
bildirmislerdir. Ancak Barber ve Sims (44)
genisletmeden en az dokuz hafta sonra da
kemik kaidelerin geri donmeye devam
ettigini  soylemislerdir. Kerbs (45) metalik
implantlar kullanarak tedaviden 6 ile 7 il
sonra gizli bir kararsizhgin devam ettigini
gostermistir. Cleall ve ark (17) 6 maymun
lizerinde yurattukleri caligmalarinda
suturanin agildigr anda, bu boélgenin organize
olmayan fibroz bag dokusu ile doldugunu;
genisletmeden 6 ay sonra suturanin organize
oldugunu ve histolojik olarak normal
gorindugini  bildirmislerdir.  Bell (35),
Bishara ve Staley’e (2) gore genisletme
sonrasinda suturada yeni kemik olusumun
saglanmasi ve suturada stabilitenin garanti
edilebilmesi icin retansiyon siiresi en az 3 ay
olmalidir. Sannomiya ve ark (33) cerrahi
destekli hizli st gene genisletmesi sonrasi
yeni kemik olusumunu optik densite 6lgiimi
ile degerlendirdikleri calismalarinda
midpalatal suturada 3 ay sonra kemik
olusumunun tam olarak tamamlanmadigini
bildirmislerdir. Ayrica 3 ay siire sonunda
posterior bolgedeki optik dansitedeki artig
anterior bolgeye gore daha yiksek
bulunmustur. Haas, (40) sutura kenarlarinda
kemiklesmenin 60 ile 90 ginler arasinda
tamamlandigini  bildirmistir. 10 yasinda
tedavi edilen bir erkek cocukta RME sirasinda
isaretlenmis  iyodin  kullanilmis  ve
genisletmeden 4 hafta sonra maddenin en
yuksek aliniminin  gergeklestigi  (kemik
formasyonu) ve 3 aya kadar bu siirecin
tamamlandigi  bildirilmistir  (41). Kemik
rejenerasyonun hizlandiriimasi ve boylece
retansiyon stresinin kisaltilmasi igin 6n plana
ctkan goruslerden bir tanesi dustik enerji
seviyeli lazerlerin kullanimidir. Angeletti ve
ark (8) dustik enerji seviyeli lazer uygulanan
grupta dahi, RME den 7 ay sonra bile kemik
olusumunun tamamlanmadigint belirtmis-
lerdir. Saito ve ark (10) RME sirasinda diistik
enerji seviyeli lazer uygulamasinin kemik
rejenerasyonunu stimdile ettigini, bu sayede
geri dons riskinin azaltilmasi ve retansiyon
stresinin  kisaltilmasi  imkaninin  ortaya
ciktigint bildirilmislerdir. Belirlenen g¢alisma
alaninda kemiklesme hizinin belirlenebil-
mesi icin en az 3 aylik retansiyon siresi
referans alinarak kemiklesmenin en son
tamamlandigi suturanin anterior bolgesinde

Turkish Journal of Orthodontics 2011,;24:83-96

implants. In a study of 6 monkeys, Cleall et
al (17) reported that, at the moment of suture
opening, the area was filled with
unorganized fibrous conjunctive tissue and 6
months after expansion, the suture was well
organized and appeared histologically
normal. According to Bell (35), Bishara and
Stanley (2) retention duration must be at least
3 months to maintain new bone formation
and stability in suture after the expansion. In
their study of optic density measurement of
new bone formation after SARME,
Sannomiya et al (33) reported that the bone
formation in the midpalatal suture wasn’t
completed 3 months after SARME. In their
study the optic density increase was higher in
posterior region than anterior region. Haas
(40) concluded that complete ossification of
the suture margins lasts 60 to 90 days. In a
case report, labeled iodine was used in an
RPE treated 10-year-old boy; the greatest
uptake of the labeled material (i.e., bone
formation) occurred 4 weeks after expansion
and lasted up to 3 months (41). The use of
LLLT is one of the leading hypotheses to
accelerate bone formation and decrease
retention duration. Angeletti et al (8) reported
that even with laser therapy, the bone
formation after RPE in the following 7 months
is not completed. Saito et al (10) reported that
LLLT  during RPE  stimulates bone
regeneration and so it makes reduction of the
relapse risk and retention duration possible.
In this study for determining bone formation
rate in the study area, 3 months retention
value was taken as a base and new bone
formation rate in the anterior suture, where
the formation is completed last, was
compared at different times. The lowest level
for the retention duration in the literature was
referred as basal value and the possibility of
a shorter duration was searched.

The biostimulation effect of the LLLT
depends on many factors of the laser.
Wavelength, irradiance, pulse structure,

coherence, polarization, energy (joule),
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yveni kemik olusum hizi farkli zaman
dilimlerinde karsilastirilarak  degerlendi-
rilmistir. Literatirde farkli strelerle 6nerilen
retansiyon suresi icin en alt sinir alinarak bu
sinirin da altinda bir retansiyon siiresinin elde
edilebilme olasihg arastiriimustir.

LLLT’nin biyostimiilasyon etkisi lazere ait
bircok faktore baglidir. Bu faktorler arasinda;
dalgaboyu (nm), siddet 8W/cm?), darbe
yapisi, polarizasyon, enerji (Joule), enerji
yogunlugu (j/cm?), uygulama zamani (sn) ve
uygulama sikhgi (saat, gtin, hafta) sayilabilir.
Enerji ve enerji yogunlugu LLLT dozu icin
onemli 2 faktordir. Ayni enerji ve enerji
yogunlugu icin ayni biyostimilasyon
etkisinin elde edilebilecegi gorustiniin aksine
lazer ait yukarida sayilan bitin faktorler bir
arda dustnuldiginde degisik etkilerin elde
edilmesi mumkindir (9). Disiik enerji
seviyeli lazer uygulamasinin hizli Gst ¢ene
genisletmesi sonrasinda midpalatal
suturadaki  etkisini  buyume c¢agindaki
bireylerde degerlendirmek icin  farkli
ozelliklerdeki lazerleri (dalgaboyu, siddet,
darbe yapisi, polarizasyon, enerji, enerji
yogunlugu, uygulama zamani ve uygulama
siklign) kullanan galismalara ihtiyag vardir.

SONUC

Dustik enerji seviyeli lazer uygulamasi
retansiyon stresini kisaltmakta ve hizl st
cene genisletmesi sonrasinda midpalatal
suturada kemik rejenerasyonunu hizlandir-
maktadir. 1,5 aylk (lazer grubu) ve 3 ayhk
(kontrol grubu) degerlendirmelerde dansite
olctimleri arasinda istatistiksel anlamli
farkhlik bulunamamistir. Median suturadaki
kemik yogunlugu temelinde degerlendiril-
diginde, 3 aylik stabilite 1,5 ay sonra elde
edilebilmistir. Hizli st cene genisletmesi
sonrasi  dusitk enerji  seviyeli lazer
uygulamasinin retansiyon siresi ve stabilite
tizerinde etkin bir rolt olabilir.
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energy density, irradiation duration and
application frequency are some of those
factors. Energy and energy density are two
important factors for LLLT dose. In contrast
with the same biostimulation effect can be
obtained from same energy and energy
density conclusion, it is possible to obtain
different effects when all the factors
mentioned above are thought together (9).
The further studies which use LLLT with
different properties (Wavelength, irradiance,
pulse structure, coherence, polarization,
energy (joule) , energy density, irradiation
duration and application frequency) are
needed to evaluate the effect of laser therapy
on midpaatal suture after rapid maxillary

expansion in growing subjects.

CONCLUSION

Low level laser therapy shortens retention
period, accelerates bone regeneration in
midpalatal suture during rapid maxillary
expansion. No statistically significant
differences have been found between density
measurements with 1.5 and 3 month
assessments. Evaluated in terms of bone
ossification in the median suture, 3 months of
stability could be achieved after 1.5 months.
Low level laser application after rapid
maxillary expansion can play an active role

on the retention time and stability.
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