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Distraksiyon Osteogenesis ile Premaksillanin ileri Alinmasi
Premaxillary Advancement with Distraction Osteogenesis

GiRls

Distraksiyon osteogenesis teknigi gerilme
yoluyla yeni kemik olusumunu saglayan bir
tedavi alternatifi olup; son yillarda agiz disi
veya agiz ici distraktor kullanilarak maksilla
ileriye alinabilmektedir (1-4).

Maksiller yetersizlik olgularinda st dis
kavsinde caprasikliga rastlanilmakta, 6zellikle
kanin dislerinin vestibiilden strdikleri goz-
lenmektedir. Bu olgularin erken dénem orto-
dontik tedavisinde agiz disi uygulamalarla
birlikte tist cenede genisletme (5,6) yapilmasi-
na ragmen ozellikle kaninlerin stirmeleri icin
gerekli yer elde edilememektedir. Olgunun
ozelliginden dolayi yer elde etmek icin dis ce-
kiminden kaginilmaktadir. Tedavi igin iskelet-
sel gelisimin tamamlanmasi beklenerek, ke-
mik greftlerinin kullanildigi cerrahi tekniklerle
maksillanin ilerletilmesi gerceklestirilmekte-
dir. Ancak bu uygulamalarda kemik greftinde
basarisizliklar ve greftin alindigi bolgede
komplikasyonlar bildirilmektedir (7,8).

Ortodontik tedavi veya cerrahi ile destek-
lenmis ortodontik tedaviler sonrasi relaps ol-
dukca 6nemli bir problemdir. Biiytime faktor-
leri hem kemik tamir mekanizmasinda hem
de kemigin normal yapisinin korunmasinda
cok onemli gorevleri olan molekdller olup
(12); osteoblast proliferasyonu ve kemik for-
masyonunu arttirmalari yaninda kemotaksis,
mitoz, farklilasma ve ekstraseliiler matriks
olusumunda rol oynarlar (13). Platelletten
zengin plazma (platelet-rich-plasma-PRP), re-
kombinant insan morfogenetik proteini-2 (re-
combinant human bone morphogenetic pro-
tein-2 -rhBMP2), (osteojenik protein 1 (oste-
ogenic protein 1) gibi cesitli biytime faktorle-
rinin distraksiyon osteogenezis uygulamala-
rindaki terapotik etkileri hem deneysel hem
de klinik calismalarda gosterilmistir (14-17).
Transforme edici biytime faktori-beta (Trans-
forming Growth Faktor B) (TGF-,) btytime
faktorlerinden biridir, memelilerde 3 izofor-
mu bulunmaktadir. Biyimenin diizenlenme-
sinde ve gelisimde 6nemli rol oynamaktadir.
Ayrica pek cok hiicrede hiicre cogalmasini,
farklilasmasini kontrol etmekte ve ekstrasellti-
ler matriks formasyonunda yer almaktadir
(18). Ratlarda yapilan bir calismada TGF-
’nin lokal olarak uygulanmasi, hem implant
cevresinde olusan kemik miktarini hem de
implant ile kemik baglantisini arttirmistir
(19). Kirik iyilesmesi modelinde TGF-R1 lokal
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INTRODUCTION

Distraction osteogenesis is the technique of
growing new bone by stretching the preexisting
bone. In recent years, this technique which can
be performed either with intraoral or extraoral
distractors has become increasingly popular in
the advancement of maxilla. (1-4).

Crowding of dental arch with the canines
erupting in the vestibular position is evident in
maxillary retrusion cases. Orthodontic and
surgical treatments of these patients are chal-
lenging. Although maxilla is protruded and ex-
panded (5,6) by extraoral appliances in early
treatment of most cases, it is generally not pos-
sible to gain space for the canines. It is also
known that extraction of teeth is contraindica-
ted for these cases. Frequently treatment is de-
layed until the completion of skeletal growth.
Surgical advancement of the maxilla is then
carried out by the use of surgical techniques
where bone grafts are used. However, bone
graft donor side complications and bone graft
failure have been reported (7,8).

Relapse following orthodontic or surgi-
cally supported orthodontic treatments is a
major problem as well. Growth factors are
important regulators of bone repair, and also
involved in the normal maintenance of bone
tissue (12). They stimulate osteoblast prolife-
ration and bone formation as well as promo-
ting chemotaxis, mitosis, differentiation and
extracellular matrix formation (13). The the-
rapeutic potential of various growth factors
including platelet-rich-plasma (PRP), recom-
binant human bone morphogenetic protein-2
(rhBMP2), osteogenic protein 1 in distraction
osteogenesis has been evaluated both in ex-
perimental and clinical studies (14-17).

Three isoforms of transforming growth
factor-beta exist in mammals and play critical
role in growth regulation and development.
They also stimulate the growth of some me-
senchymal cells and enhance the formation
of extracellular matrix (18). Local application
of TGF-B has resulted in enhanced peri-imp-
lant bone volume and bone-implant contact
in the rat model (19). Local delivery of TGF-
R1 has been found to enhance local bone in-
growth and gap and fracture healing (20,21).
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olarak uygulandiginda defektte daha hizli ke-
mik olusumu saglamaktadir (20,21).

Distraksiyon osteogenezisinin morfolojik,
biomekanik, histolojik ve hiicresel diizeyde
ozellikleri daha ¢ok, insan buytime ve gelisi-
mine benzerlik gosteren biyik hayvan de-
neklerinde incelenmistir. Molekuler diizey-
deki degisiklikleri ratlarda inceleyen bir ca-
lismada, mandibular distraksiyon osteogene-
zisinde TGF-B1 uygulanmasinin damar olu-
sumunu arttirict etki gosterdigi saptanmistir.
Bu bulgunun o6nemli klinik etkilere sahip
olabilecegi, bu sayede kemik rejenerasyonu-
nu istenen bolgede arttirmaya yonelik tera-
potik etkisinden yararlanilabilecegi tizerinde
durulmustur (22).

Literattr tarandiginda, distraksiyon oste-
ogenezisi ile premaksiller ilerletmeye ait ol-
dukca az calisma izlenmektedir. Bu calisma-
larin ¢cogunda da dis destekli distraksiyon ay-
gitlart kullamlmistir (2,9,10,11).

Bu deneysel calismada, kemik-dis destekli
aparey kullanilarak distraksiyon osteogenezis
teknigi ile premaksillanin ilerletilmesinin
dentofasiyal yapidaki etkileri ile distraksiyon
bolgesine lokal olarak uygulanan TGFR1’in
hiicresel cevap ve kemik iyilesmesi tizerinde-
ki etkilerinin incelenmesi amaglanmistir.

GERECLER ve YONTEM

Bu arastirma agirhklari 2500-3000 gr.olan
eriskin ve erkek 14 adet Yeni Zellanda tavsa-
ni tzerinde yaratildd. Tavsanlar yiksekligi
40 cm olan 2500 cm?lik kafeslerde %40-50
lik nem ve 15-21°C isida barindirildi. Calis-
ma planina gore 3 grup olusturuldu. Birinci
gruptaki 7 tavsana sadece distraksiyon oste-
ogenezisi yapildi, ikinci gruptaki 5 tavsana
distraksiyon osteogenezis ile birlikte kortiko-
tomi bolgesine lokal olarak transforme edici
buyime faktori B1 uygulandi. Kortikotominin
hiicresel etkilerini izlemek, 1. ve 2. grupta
olusacak hiicresel cevabin ayirt edilmesini
saglamak icin kontrol grubu olarak 3. grup,
sadece kortikotomi yapilan 2 tavsandan olus-
turuldu.

Gazi Universitesi Etik Kurulu’ndan etik ku-
rul onayr alindi (6.11.2002 tarih ve 2-14150
no’lu rapor).

Model ve Lateral Sefalometrik Filmlerin

Elde Edilmesi
Tavsan kadavrasindan yararlanarak akrilik

o
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The morphologic, biomechanical, histo-
logical, and ultrastructural aspects of distrac-
tion osteogenesis have extensively been stu-
died mostly in large animal models that re-
semble to human growth characteristics. One
study on molecular events governing these
changes in a rat model has demonstrated that
TGF-B1 production may be an important re-
gulator of vasculogenesis during mandibular
distraction osteogenesis. This information has
been suggested to have significant clinical
implications since it may enable targeted the-
rapeutic manipulations designed to accelera-
te osseous regeneration (22).

A review of the literature shows that stu-
dies related to anterior maxillary advance-
ment with distraction osteogenesis are rare;
and also in many of these studies the tooth
borne distraction devices are used
(2,9,10,11).

This experimental study was designed to
evaluate advancement of premaxilla by dis-
traction osteogenesis using bone-tooth borne
appliance and also to observe if there is a
change in tissue response when TGFRT is
applied to distraction sites.

MATERIALS and METHODS

Fourteen adult male New Zealand rabbits
weigh 2500-3000gr were used in this study
and 3 groups were constituted. Rabbits were
housed in cages sized 40 cm height,
2500cm? width, at 41-50 % moisture and
21°C heat. First group comprised of seven
rabbits where only distraction osteogenesis
was performed, second group comprised of
five rabbits where TGFR1 was applied locally
following distraction osteogenesis, and third
group comprised of two animals serving as
controls which were treated with cortico-
tomy only. Ethical approval was obtained
from Ethical Committee of Gazi University 2-
14150 (6.11.2002).

The Constitution of the Models and the

Lateral Cephalometric Radiographs

Acrylic resin trays were prepared using
the cadavers of the rabbits. The impressions
were taken with polyvinyl silicone impressi-
on material and poured into dental plaster.

Tirk Ortodonti Dergisi 2010;23:212-225
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olct kasigr hazirlandi. Elastomerik 6lgi ma-
teryali ile 6lculer alinarak sert algidan model-
ler elde edildi.

Tavsanlardan arastirma basi ve sonunda
lateral sefalometrik filmler alindi. Filmlerin
standardizasyonu icin 18x24 cm boyutunda-
ki film kaseti Gizerine tavsan kafalarini yerles-
tirmek icin akrilden dizenek hazirlandi.
Filmler tavsanlar uyutularak cekildi.

Distraktériin Hazirlanmasi

6,4x3x13mm buytkliginde tek tarafli vida
(Forestadent 134-1315) merkezi kortikotomi
yapilacak bolgede olacak sekilde damaga
yerlestirildi. Arka bolgede kemige yerlestirile-
cek pinlerin apareyle baglantisini saglayacak
olan 2 adet loop 0,70 mm capinda paslanmaz
celik telden biukilerek vidanin arkasina le-
himlendi; ayni sekilde 6nde 2 adet loop biiki-
lerek bu looplarin akril yardimiyla vida ile
baglantisi sagland (Sekil 1).

Apareyin akril kismi 6nde yer alip, st ke-
sici diglerin vestibuliint saracak sekilde olus-
turuldu (Sekil 2).

Cerrahi Teknik

Tavsanlara cerrahi uygulama 6ncesinde
antibiotik profilaksisi uygulandi. Cerrahi di-
siplin altinda hazirlanan hayvanlara, 30 mg
KetalarHCL (Ketamin, Eczacibas)) ve 4mg
Xylazine (Rompun-Bayer) bulunan anestezik
soltisyon intramusktler enjeksiyon yolu ile
verildi. Cerrahi islem 6ncesi distraktor denek-

Turkish Journal of Orthodontics 2010;23:212-225

Lateral cephalometric radiographs were ta-
ken at the initial and final stages. In order to
standardize the radiographs, acrylic device
was prepared for keeping the rabbit head in a
proper position on the film cassette.

Construction of the Distractors

Unilateral expansion screws (Forestadent
134-1315) were used for distractors. The
screw was placed parallel to the midpalatal
suture and its anterior portion was connected
to acrylic portion of the device.

Four loops providing the connection of
the pins which will be inserted to bone were
bent. When two of the loops were soldered at
the behind of the screw, the others were pla-
ced in the acrylic portion (Figure 1).

The acrylic extended to the labial surfaces
of the teeth in the anterior region (Figure 2).

Surgical Technique

Preoperative antibiotic prophylaxis was
administered and the animals were prepared
for the procedure under the guidelines of sur-
gical disciplines. Anesthesia was achieved by
IM injection of 30 mg Ketalar (Ketamine HCI
—Eczacibasiand 4mg Xylasine HCI (Rompun
Bayer). Following the adaptation of the indi-
vidual distractors and taking care that a band
of mucoperiosteum was left at the palate bi-
lateral vertical incisions extending palatinally

Sekil 1. Distraktor yapimi.

Figure 1. Construction of

distractor.
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Sekil 2. a. Distraksiyon Oncesi

b. Distraksiyon Sonrast.

Figure 2. a. Before distraction,
b. After distraction.

Sekil 3. Cerrahi Insizyon.

Figure 3. Surgical incision.
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lerin maksillasina uyumlandirildi. Apareyde
vidanin bulundugu bolgede mukoperiosteal
bir bant bulunacak sekilde sag ve sol tarafta
on ve arka disler arasindaki mesafenin orta-
sinda hafifce vestibiler sulkusa uzanan dikey
insizyonlar yapildi (Sekil 3). Aparey yerinden
cikartilarak her iki tarafta lateral maksiller du-
varlar agiga ¢ikarilacak sekilde mukoperios-
teal flap periost elevatort kullanilarak kaldi-
rildi. Yumusak dokular korunarak 0.3 mm
cerrahi frezler ve steril serum fizyolojik irri-
gasyonu ile palatal kemik ve lateral maksiller
duvarda kortikotomi yapildi. Kortikotomi
sonrasinda kemik parcada serbestlestirme ya-
pilmadi. Kanama kontroltint takiben operas-
yon bolgesi primer olarak suture edildi.

Distraktoriin Uygulanmasi

Distraktor on dislere cam iyonomer si-
manla yapistirildi. Distraktoriin 6niinde ve
arkasinda bulunan looplarin icinden frezle
transmukozal olarak palatal kemikte vida yu-
valari hazirlandi. 5 ve/veya 7 mm’lik titani-
um vidalar (Howmedica Leibinger Inc.)
transmukozal olarak vyerlestirilerek aparey
sabitlendi.

were made at the vestibular sulcus at midway

between anterior and posterior teeth. (Figure
3) Soft issues were undermined thoroughly
creating a mucoperiosteal tunnel between
the bilateral incision sites. Corticotomy of pa-
latal bone and lateral maxillary walls was ac-
complished with 0.3 mm tapered surgical
burs drilled at 3000 rpm under sterile saline
irrigation. The bone was not loosened after
corticotomy. Following haemostasis incisions
were sutured primarily.

Application of the Distractors

Distractors were luted to the anterior te-
eth with glass ionomer cement. Screw holes
were drilled transmucosally adjacent to the
bone that the loops fabricated anteriorly and
posteriorly at the distractor. Then 5 and/or 7
mm pins (titanium screws Howmedica Lei-
binger Inc) were screwed transmucosally.

Activation of the Distractors

Following 3 days of initial healing period
distraction was initiated at postoperative fo-
urth day. Advancement of 0.6 mm was per-
formed once daily. In order to achieve 4.8
mm of advancement, the screw was activated
for 8 consecutive days (Figure 2 a-b). Then;
the distractor device was stabilized and left in
place for 12 days.

Application of TGF,1

A solvent pack was prepared from lyophi-
lized powder of TGFR1 (Sigma T1654) accor-
ding to the manufacturer’s instructions in the
laboratory of department of biochemistry.

Tirk Ortodonti Dergisi 2010;23:212-225
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Distraksiyon Osteogenesis ile Premaksillanin ileri Alinmasi
Premaxillary Advancement with Distraction Osteogenesis

Distraktériin Aktivasyonu

3 gunltk baslangic iyilesmeyi takiben,
4.giinde, gtinde bir kere 0,6 mm aktivasyon
olacak sekilde vida 8 giin boyunca aktive
edildi (Sekil 2 a,b).

TGF,1/in Uygulanmasi

Toz halinde ve cam viallerde paketlenmis
olan liyofilize TGFR1 (Sigma T1654)" nin kul-
lanimi icin, Gretici firmanin onerileri dogrul-
tusunda saklama ve cozme islemleri Gazi
Universitesi Biyokimya Anabilim Dali Labo-
ratuvarinda yapildi. 40 11 0,1 N HClI ile disti-
le su karisimi ile hazirlanan ve %0,1 sigir se-
rum albumini iceren toplam 10 ml’lik 4mM
HCI soliisyonu elde edilerek bu soliisyon 0,2
Il membranefiltreden (Sartorius Minisart SM-
16534) gecirilerek ¢coziicti tampon hazilandi.
1lg TGFR1 ¢oziict tampona eklendi. Tastyici
olarak hidroksimetilseliiloz (Natrasol, Aqua-
lon Hercules Brussels) kullanildi. Hazirlanan
solusyon eksojen yolla distraksiyon bolgesi-
nin sagina ve soluna 100 ng olacak sekilde
vida acilmaya bagladiktan 24 saat sonra tek
doz olarak enjekte edildi.

Her iki grupta aktif distraksiyon islemi (vi-
danin acilmasi) bittikten sonra vidalar akril
ile sabitlenerek distraktor 12 giin agizda tu-
tuldu; 13.glinde tavsanlardan materyal top-
landi ve tavsanlar yiiksek doz sodyum pento-
barbitiiral enjeksiyonu ile sakrifiye edildi.

Histolojik Degerlendirme

Rutin fiksasyon ve dekalsifikasyon islem-
lerini takiben 5-7 mikron kalinhginda doku
kesitleri alinarak hematoksilen eosin ile bo-
yandi ve lam tzerinde degerlendirildi. (Mik-
roskopik inceleme icin Nikon Eclipse E 200,
Fotomikroskopi icin Nikon Eclipse E 600
kullanildr). Nétrofil [6kosit yogunlugu, lenfo-
sit plazmosit yogunlugu, fibroblast yogunlu-
gu, kollojen birikimi, yeni kemik yapimi (tra-
bekil yogunlugu), osteoblastik hiicre yogun-
lugu, kompakt kemik olusumu, yeni kemik /
kemik defekti orani, osteoclastik hiicre yo-
gunlugu histopatolojik olarak degerlendirildi.

Bu parametrelerde; histolojik inceleme se-
mikantitatif olarak + = 1, ++ = 2, +++ = 3, -
= 0 olarak degerlendirildi. Trabekiil yogunlu-
gu X10 magnifikasyon alanindaki sayiya gore
1-10, 11-20, 21 ve Uzeri olarak saptandi. Ay-
rica yeni kemik olusumu tim distraksiyon
alanina oranlanarak iki gruptaki yizdeler el-
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4mM HCI containing 0.1% cattle serum al-
bumin was prepared by combining distilled
water with 40 11 0.1 N HCl in a total volume
of 10 ml, and filtering through 0.2 Il membra-
ne (Sartorius Minisart SM-16534). Finally ﬂg
TGFBR1 was added to the solvent and
hydroxymethylcellulose (Natrasol, Aqualon
Hercules Brussels) was used as a carrier. A
single injection of 100 ng of the solution to
both of the distraction sides was made after
24 hours of the first activation of the screw in
second group. The volume of TGF,1 stock so-
lution was small enough to allow even coa-
ting of the bone surfaces.

Following the completion of active dis-
traction in both groups, the screws were fixed
with acrylic resin. The rabbits were sacrificed
by injection of overdose sodium pentobarbi-
tural after 12 days and specimens were col-
lected for histopathological evaluation.

Histological Evaluation

Following routine fixation and decalcificati-
on 5-7 micron thick serial sections were ob-
tained and stained with Haematoxylene and
Eosin. Neutrophil leucocyte infiltration,
lymphocyte plasmocyte infiltration, fibroblast
infiltration, collagen deposition, new bone
formation (Trabecular Density), osteoblastic
cell, compact bone formation, new bone for-
mation/bone defect ratio, osteoclasts were ta-
ken into consideration in histopathological
evaluation. Semicantitave histopathologic
evaluation was accomplished according to
these parameters as + = 1, ++ = 2, +++ = 3,
- = 0. Trabecular Density was determined as
1-10, 11-20, 21 and more by the number of
the trabecules within the X10 magnification
area. The ratio of new bone formation to the
bone defect area at the distraction site was
calculated in both groups.

Investigation of Lateral Cephalometric

Radiographs

The landmarks and planes used in the la-
teral cephalometric films (23) (Figure 4):
Po: The most superior and posterior point of
cranial base

N: The most superior point of nasofrontal

o
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Sekil 4. Anatomik Noktalar ve

Diizlemler.

Figure 4. The Landmarks and

Planes.
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de edildi.

Lateral Sefalometrik Filmlerin incelenmesi

Lateral sefalometrik filmlerde kullanilan
noktalar (23) (Sekil 4):

Po: Kranial kubbenin en arka ve Ust noktasi

N: Nazofrontal suturun en tst noktasi

E: Ethmoid kemigin arka sinirindaki en st
nokta ile frontal kemigin kesisim noktasi

Pr: Premaksilla alveolar progesinin en 6n
ve alt noktasi

Bu: Premaksillada st kesici disin palatal
tarafindaki alveoli kemigi ile palatal kemigin
birlestigi nokta

Mu: Ust molar disin en meziyal yiizeyi ile
maksiller kemigin kesistigi nokta

Ul: Ust kesici kronunun en ug noktasi

Mu-Bu: Palatal uzunluk

RD1: Referans diizlemi 1(N ve Po noktala-
rini birlestiren diizlem)

RD2: Referans diizlemi 2 (RD1’e Po’dan
indirilen dik diizlem)

Po-EL: Nazokraniyal uzunluk

Pr-EL: Viskokranial uzunluk

9 boyutsal ve 2 acisal 6lcim kullanildi
(Sekil 5).

istatistiksel Degerlendirme

Grup igi degisimlerin 6nem kontrolti Wil-
coxon testi, gruplararasi degisimlerin 6nem
kontrolii Mann-Whitney U testi ile yapildi.

BULGULAR
Sefalometrik Bulgular
Distraksiyon sonunda palatal uzunluk (Mu-

Sahan, Dinger, Alpaslan, Alpaslan

suture

E: The intersection of frontal bone and the
most superior and anterior point on the pos-
terior border of ethmoid bone

Pr: The most inferior and anterior point of
alveolar process of maxilla

Bu: The point of intersection of alveolar
bone on the palatal side of the upper incisor
tooth on premaxilla and palatal bone

Mu: The point of intersection of the most
mesial surface of upper molar tooth and ma-
xillary bone

Ul: The most tip point of the upper incisor
crown

Mu-Bu: Palatal length

RP1: Plane of reference 1(extends from N
and Po)

RP2: Plane of reference 2 (perpendicular
plane from point Po to RP1 plane)

Po_EL: Nasocranial length

Pr-EL: Viscocranial length

Linear and angular measurements were
carried out (Figure 5).

Statistical Method

Difference between the groups were sta-
tistically analyzed using Mann-Whitney U
Test, where as the results in each group were
evaluated with Wilcoxon test.

MuBu B”V

ul
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Bu mesafesi), 1.grupta 3,79 mm; 2.grupta
3,70 mm artis gosterdi (Tablo 1). Palatal uzun-
luktaki degisim ortalamalari arasindaki fark
gruplararasinda 6nemli bulunmadi (Tablo II).

Her iki grupta UT-RD1 mesafesi, Pr-RD1
mesafesi, Bu-RD1 mesafesi ve Mu-Bu/Po-EL
acisinda istatistiksel olarak onemli diizeyde
azalma; U1-RD2 mesafesi, Pr-RD2 mesafesi
ve Bu-RD2 mesafesi ve Pr-EL/Po-EL acisinda
istatistiksel olarak onemli diizeyde artis goz-
lendi (Tablo I).

Her iki grupta U1-RD2 mesafesi ve Bu-
RD2 mesafesindeki degisim miktari ayni de-
gerde bulundu (Tablo ).

Histolojik Bulgular (Tablo 1)

Tam gruplarda gesitli diizeylerde inflama-
tuar reaksiyon ve yeni kemik yapimi gozlendi.

Sadece distraksiyon uygulanan grupta ce-
sitli enflamasyon hicreleri ve aktif osteoblast
ve fibroblastlarla karakterize yeni kemik tra-
bekdlleri gozlendi (Sekil 6). Kontrol grubu ile
karsilastinldiginda (1.G-3.G) 1.grupta notro-
fil, lenfosit, fibroblast yogunlugu ve vyeni
kompakt kemik olusumu istatistiksel olarak
onemli dizeyde fazla bulundu (sirasiyla
p<0,01, 0,001, 0,05, 0,01).

TGF,1ve distraksiyon uygulanan grupta da
daha az enflamasyon hiicresi ve daha aktif
kemik yapimi ve daha fazla fibroblast olmak
tzere 1. grupla benzer sonuclar elde edildi
(Sekil 7). Kontrol grubu ile karsilastirildiginda
(2.G-3.G), 2.grupta notrofil, lenfosit, fibrob-
last yogunlugu ve yeni kompakt kemik olusu-

Turkish Journal of Orthodontics 2010;23:212-225

RESULTS
Cephalometric Results

The parameters were evaluated at the end
of the distraction and it was observed that the
Mu-Bu distance (palatal length) was increa-
sed by 3.79 mm in first group, by 3.70 mm in
second group (Table I). The differences rela-
ting to the palatal length were not found sig-
nificant between the groups (Table II).

In both groups the U1-RP1 distance, the
Pr-RP1 distance, the Bu-RP1 distance and the
Mu-Bu/Po-EL angle showed statistically signi-
ficant reduction; the U1-RP2 distance, the Pr-
RP2 distance, the Bu-RP2 distance and the
Pr-EL/Po-EL angle showed statistically signifi-
cant increase (Table I).

The difference relating to the U1-RP2 dis-
tance was same as the difference relating to the
Bu-RP2 distance in the both groups (Table II).

Histological Results (Table III)

Inflammatory reaction and new bone for-
mation was evident in all groups at variable
rates.

Various inflammatory cells and newly for-
med bone trabecules characterized by active
osteoblasts, and fibroblasts were observed in
animals receiving distraction only (Figure 6).
The intensity of neutrophils, lymphocytes,
fibroblasts and the formation of new compact
bone was significantly higher (p<0.01, 0.001,
0.05, 0.01 respectively) in animals receiving
distraction only when compared with con-

o

Sekil 5. Dogrusal Olciimler:
1.Mu-Bu; 2.UI-RD1(iist
kesicinin RD1’e dik uzakligy);
3.UI-RD2(uist kesicinin
RD2’ye dik uzakligy); 4.Pr-
RD1(Pr noktasinin RD1’e dik
uzaklig); 5.Pr-RD2(Pr
noktasinin RD2’ye dik
uzaklign); 6.Bu-RD1(Bu
noktasinin RD1’e dik
uzaklig); 7.Bu-RD2(Bu
noktasinin RD2’ye dik
uzakligy); 8. Mu-RD1(Mu
noktasinin RD1’e dik
uzaklign); 9.Mu-RD2(Mu
noktasmin RD2’ye dik
uzakligy);

Agisal Olgiimler: 10.Pr-
EL/Po-EL; 11.Mu-Bu/Po-EL;

Figure 5. Linear
measurements: 1.Mu-Bu;
2.UI-RP1(perpendicular
distance from UI to RP1) ;
3.UI-RP2(perpendicular
distance from UI to RP2);
4.Pr-RP1(perpendicular
distance from Pr to RP1);
5.Pr-RP2(perpendicular
distance from Pr to RP2);
6.Bu-RP1(perpendicular
distance from Bu to RP1);
7.Bu-RP2(perpendicular
distance from Bu to RP2);
8.Mu-RP1(perpendicular
distance from Mu to RP1);
9.Mu-RP2(perpendicular
distance from Mu to RP2);
Angular measurements:
10.Pr-EL/Po-EL; 11.Mu-
Bu/Po-EL;)
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Tablo I. Sefalometrik

Degerlendirme (G: Grup).

Table I. Cephalometric
Evaluation of the Rabbits
(G: Group).

Tablo II. Distraksiyonla

Olusan Degisimler ve

Gruplararasi Kargilagtirmas:

(G: Grup).

Table II. The Mean Changes

During the Distraction Period

and Comparisons Between

220

the Groups (G:Group).

Sahan, Dinger, Alpaslan, Alpaslan

Distraksiyon Oncesi
(Before Distraction)

Distraksiyon Sonrasi
(After Distraction)

Ortalama / SS/SD Ortalama / SS/SD P
Mean Mean
Mu-Bu G1 26,57 2,62 30,36 2,48 0,015
(mm) G2 29,30 2,22 33,00 2,12 0,038*
UI-RD1 G 1 46,86 3,73 45,14 3,36 0,017~
(mm) G2 48,80 2,95 47,00 2,98 0,042*
UI-RD2 G 1 75,29 4,07 79,07 3,91 0,015
(mm) G2 77,80 3,27 81,50 3,10 0,038
Pr-RD1 G 1 40,50 16,37 38,86 15,96 0,016~
(mm) G2 35,80 1,92 34,40 2,563 0,042*
Pr-RD2 G 1 81,36 3,91 85,07 3,71 0,015
(mm) G2 83,70 3,29 86,80 3,05 0,039*
Bu-RD1 G1 43,14 2,93 41,79 2,71 0,014*
(mm) G2 44,30 1,92 43,10 1,95 0,034
Bu-RD2 G 1 76,00 4,19 79,79 4,06 0,015*%
(mm) G2 78,60 3,83 82,30 3,67 0,038"
Mu-RD1 G 1 25,86 2,46 26,07 2,41 0,083
(mm) G2 27,00 1,90 27,20 2,08 0,157
Mu-RD2 G 1 53,57 1,81 53,57 1,81 1,000
(mm) G2 54,20 1,64 54,20 1,64 1,000
Pr-EL/Po-EL G 1 137,43 3,15 139,07 3,17 0,016*
(o) G2 139,00 3,32 140,50 3,46 0,039
Mu-Bu/Po-EL G1 35,71 3,65 33,21 3,88 0,016*
(0) G2 33,40 4,05 31,00 4,29 0,038*
(*P< 0,05)
G1 G2
Ortalama/Mean SS/SD Ortalama/Mean SS / SD P

Mu-Bu (mm) 3,79 0,27 3,70 0,27 0,639
UI-RD1 (mm) -1,71 0,70 -1,80 0,57 0,876
UI-RD2 (mm) 3,79 0,27 3,70 0,27 0,639
Pr-RD1 (mm) -1,64 0,63 -1,40 0,65 0,530
Pr-RD2 (mm) 3,71 0,27 3,10 1,19 0,343
Bu-RD1 (mm) -1,36 0,63 -1,20 0,45 0,755
Bu-RD2 (mm) 3,79 0,27 3,70 0,27 0,639
Mu-RD1 (mm) 0,21 0,27 0,20 0,27 1,000
Mu-RD2 (mm) 0,00 0,00 0,00 0,00 1,000
Pr-EL/Po-EL (0) 1,64 0,94 1,50 0,87 0,876
Mu-Bu/Po-EL (0) -2,50 1,00 -2,40 0,82 0,876

mu ve kollajen birikimi istatistiksel olarak
onemli dizeyde fazla bulundu (sirasiyla
p<0,001, 0,05, 0,01, 0,01). yeni kemik / ke-
mik defekti orani istatistiksel olarak 6nemli
dizeyde ytiksek bulundu (p<0,01).

Sadece kortikotomi uygulanan tavsanlarda
defekt alanin yeni kemik trabekiillerinden
zengin oldugu ve az sayida inflamatuar hiic-
re icerdigi; ara dokunun ise yer yer fibroblast-
lardan zengin ve ince kollajenize yapida ol-
dugu gozlendi (Sekil 8).

Birinci ve ikinci arastirma grubu karsilasti-
rildiginda (1.G-2.G), lenfosit yogunlugu, tra-
bekil yogunlugu, yeni kemik yapimi ve yeni
kemik /kemik defekti orani arasindaki farklar
sirasiyla p<0,05, 0,05, 0,01, 0,01 diizeylerin-

o

trols (1st G-3th G) Similar results were seen in
animals receiving TGFR1 after distraction
with less inflammatory cells but more active
bone formation and more fibroblasts in con-
nective tissue (Figure 7). The intensity of ne-
utrophils, lymphocytes, fibroblasts and the
formation of new compact bone was signifi-
cantly higher (p<0.001, 0.05, 0.01, 0.001
respectively) in group receiving distraction
with TGF,1 when compared with controls
(2nd G-3th G). The ratio of newly formed bo-
ne to bone defect was significantly higher
(p<0.01).

Newly formed bone trabecules, few inf-

Tirk Ortodonti Dergisi 2010;23:212-225
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1. G 2. G 3.G P
Ortalama = Ortalama + Ortalama = 1.G-
SS/Meant SS/Meant SS/Meanz 1.G-3.G 5G 2.G-3.G
D D SD -
Notrofil 16kosit
Yogunlugu / 2,14 + 2,00 + 0,86 + - -
Neutrophil-Leucocyte 0,69 0,58 0,38 0,002 0,680 0,001
Infiltration
Lenfosit plazmosit
Yogunlugu /
Lymphocyte- 2l sk 0,88  0,000*** 0,016 0,044
Plasmocyte ’ ’ ’
Infiltration
Fibroblast Yo unlu u 2,00 2,00 £ 2,86 * "
/ Fibroblast Infiltration 0,82 0,58 0,38 0,036 1,000 0,008
Kollojen Birikimi / 1,29 * 1,71 0,86 % *a
Collagen Deposition 0,49 0,49 0,38 0,008 0,130 0,004
Yeni Kemik Yapimi
(Trabekiil Yogunlugu) 1,567 2,43 £ 1,86 % *
/ New Bone Formation 0,54 0,74 0,38 0,280 0,038 0,120
(Trabecular Density)
Osteoblastik Hiicre / 1,71 2,43 £ 1,86
Osteoblastic Cell 0,49 0,79 0,38 0,550 0,068 0,120
Kompakt Kemik
Olusumu / Compact 1,905 2.00% O)laes  0,008** 0,007** 0,000%*
Bone Formation ’ ’ ’
Yeni Kemik Yapimi /
Kemik Defekti Orani 1,86 + 3,50 + 1,86 + . e
(New Bone Formation 0,90 0,96 0,38 1,000 0,0077" 0,004
/ Bone Defect Ratio)
Osteoklastik Hicre / 0,29 £ 0,14 £ 0,14 £
Osteoclastic Cell 0,49 0,38 0,38 0,550 0,550 1,000
**P< 0,01 ***P< 0,001

de 6nemli bulundu.

TARTISMA

Calismamizda elde ettigimiz sefalometrik
bulgular, kemik dis destekli distraktor kullani-
larak premaksillanin ileri alindigini goster-

Turkish Journal of Orthodontics 2010;23:212-225

- ob,

lammatory cells and abundant fibroblasts
were evident in animals receiving cortico-

tomy only (Figure 8)

The intensity of lymphocytes, trabecular

w,

Tablo III. Histolojik
Parametrelerin
Degerlendirilmesi ve
Gruplararas: Karsilastirilmasi
(G: Grup)

Table IIL. Evaluation of
Histological Parameters and
Comparisons Between the

Groups (G: Group)

Sekil 6. Grup 1 de yeni
sekillenmis osteoblastlar (A)
osteoblast X 200HE.

Figure 6. Newly formed

osteoblasts in group 1 (A)
ob:osteoblast X 200HE.
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Sekil 7. Grup 2 de aktif
osteoblastlarla ¢evrili kemik

trabekiilleri(t) (B) X100HE.

Figure 7. Bone trabecules(t)
surrounded by active
osteoblasts in group 2 (B)
X100HE.

Sekil 8. Kontrol grubunda
yeni sekillenmis trabekiiler
kemik (t) ve fibroblastlar (f)
X100HE.

Figure 8. Newly formed
trabeculer bone (t) and
fibroblasts (f) in control

animal X100HE.

222

mektedir.

Kortikotomi bolgesine lokal olarak TGF,1
uygulanan ve uygulanmayan her iki grupta
da Pr-RD1 ve Bu-RD1 mesafelerinde ve Mu-
Bu/Po-EL acisinda azalma; Pr-RD2 ve Bu-
RD2 mesafeleri ile palatal uzunlukta (Mu-Bu
mesafesi) artis premaksillanin ileri ve yukari
yonde hareket ettigini gostermektedir. Her
iki grupta UT-RD2 mesafesi ile Bu-RD2 me-
safesindeki degisim miktarlarinin ayni deger-
de olmasi, intraoral kemik-dis destekli dis-
traktoriin dissel hareketten daha ¢ok iskelet-
sel hareket olusturdugunu belirtmektedir.

Konvansiyonel osteotomi teknikleri ile
karsilastirildiginda, distraksiyon osteogenezis
tekniginin kemik greftine ihtiyac duyulmama-
si, biyuime ve gelisim donemindeki cocuk-
larda da uygulanabilmesi ve ayrica yeni olus-
turulan kemige yumusak dokularin uyum ko-

o

Sahan, Dinger, Alpaslan, Alpaslan

bone, and the formation of new compact bo-
ne and the ratio of newly formed bone to bo-
ne defect was significantly higher (p<0.05,
0.05, 0.01, 0.01 respectively) in animals re-
ceiving TGFR1 after distraction when compa-
red with animals receiving distraction only
(1st G-2nd G).

DISCUSSION

Cephalometric results of our study de-
monstrated that premaxilla moved in forward
direction with bone-teeth borne distractor.

The decrease in Pr-RD1, Bu- RD1 distan-
ces and Mu-Bu/POEL angle and; increase in
Pr-RD2, Bu-RD2 distances and palatal length
demonstrated that premaxilla moved forward
and upward directions in both groups. It is

Tirk Ortodonti Dergisi 2010;23:212-225
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layligi gibi avantajlara sahip oldugu bildiril-
mektedir (1,24-27). Bu nedenle distraksiyon
osteogenezisi giinimizde tercih edilen bir
cerrahi yontem olmus, siklikla mandibulada
uygulanmasina ragmen, maksillada da kulla-
nimi ile ilgili cesitli raporlar yayinlanmistir.
Maksiller yetersizlige sahip olgularda dis des-
tekli distraksiyon osteogenezis yontemi ile
maksillanin ilerletilmesi yapilmaktadir. Bu
amacla, ekstraoaral apareylerden c¢ok calis-
mamizda oldugu gibi intraoral apareyler ter-
cih edilmektedir (1,2,9,28).

Altuna ve arkadaslari (9,28) adelosan may-
munlarda dis destekli aparey kullanarak mak-
sillanin 6n kisminin ileri hareketi ile maksilla-
nin boyunun basarili bir sekilde arttirilabile-
cegini ileri sirmuslerdir. Arastiricilar, ayni za-
manda distraksiyon osteogenezisi ile buyu-
mekte olan cocuklarda maksiller yetersizligin
kemik greftine ihtiyac kalmadan giderilebile-
cegini, caprasiklik olgularinda yer elde edile-
bilecegini belirtmisler ve bu olgularda retansi-
yon siiresi sonunda relaps saptamamiglardir.

Block ve arkadaslari (1,2) calismalarinda,
dis destekli distraktor kullanildiginda dissel
hareketin iskeletsel hareketten daha fazla ol-
masi nedeniyle relaps egiliminin artacagi so-
nucuna varmiglardir. Arastiricilar (3) daha
sonraki calismalarinda kemik destekli distrak-
tortin dis destekli distraktorlere gore daha ts-
tin olduklarini bildirmislerdir.

Kaluzinski ve arkadaslari (29) agiz i¢i kemik
destekli distraktor kullandiklar 3 olguda fonk-
siyonel ve estetik sonuglari gostermislerdir.

Distraksiyon osteogenezisi canli kemik
olusumunu saglayan cerrahi bir islemdir. Dis-
traksiyon bolgesinde differansiye olmamis
mezensimal hiicreler kemik hiicrelerine fark-
[ilasmakta ve kemik dokusu olusturmaktadir-
lar. Kemik doku rejenerasyon yetenegine sa-
hiptir ve herhangi bir greft materyali uygulan-
masa da kritik boyuttaki kemik defektlerinin
iyilesmesi mtimkindir. Distraksiyon osteoge-
nezisinde istenen uzunlukta kemik elde edi-
lebilmesi icin oldukga uzun bir stire gerek-
mektedir. Bu nedenle yeni kemik olusumunu
hizlandiracak, konsolidasyon stiresini azalta-
cak yontemlerin arayisi stirmektedir. Bu
amacla, biyime faktorlerinin kullanimi pek
¢ok calismada arastirilmistir. Distraksiyon
bolgesine uygulanan buytume faktorleri ke-
mik rejenerasyonunu ve kemik kalitesini art-
tirmakta, distraksiyonun konsolidasyon siire-

Turkish Journal of Orthodontics 2010;23:212-225

speculated that the bone-tooth borne distrac-
tion appliance will result in bone movement
rather than dental movement because of the
changes of U1- RD2 and Bu-RD2 distances
are same in both groups.

When compared with conventional os-
teotomy techniques, distraction osteogenesis
technique has been reported to have certain
advantages such as elimination of the use of
bone grafts and being used in the growth pe-
riod. Additionally distraction osteogenesis es-
tablishes the augmentation of the soft tissue
simultaneously with the bone (1,24-27). Alt-
hough distraction osteogenesis is a popular
technique in mandibular advancement, in re-
cent years anterior maxillary advancement
has been achieved by using distraction oste-
ogenesis in maxillary deficiency cases using
tooth borne distractors. The intraoral applian-
ces were preferred generally as in our study
(1,2,9,28).

Altuna et al (9,28) who used a tooth bor-
ne device on adolescent primates, showed
that maxilla could be lengthened successfully
with the forward movement of the anterior
maxilla. They also mentioned that distraction
osteogenesis could make it possible to treat
growing patients with maxillary deficiency
without the need of bone grafts and could be
created space for crowded cases. Also no re-
lapse was detected at the end of the retention
period.

Block et al (1,2) determined that when a
tooth borne distractor was used, dental mo-
vement exceed bone movement and they
concluded that the relapse tendency was
greater. In their following study (3) they re-
ported that a bone borne device for distracti-
on osteogenesis yielded superior results to
the solely tooth borne device as previously
published.

Kaluzinski et al (29) achieved premaxil-
lary distraction using intraoral bone suppor-
ted devices in three patients and reported
functional and esthetic results.

Distraction osteogenesis is a procedure
that allows generation of viable bone. Bone is
differentiated at distraction site by recruit-
ment of primitive mesenchymal cells. Bone

o
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sini kisaltmakta olup; bu etkileri uygulanma
zamanlari ile iliskili olmaktadir (13,16,17).
Fibroblast buytme faktori 2 distraksiyon os-
teogenezisi uygulanan yasl ratlarda endoste-
al defektleri azaltmistir (30). Calismamizda
distraksiyon bolgesinde yeni olusan kemik
orani distraksiyondan 24 saat sonra distraksi-
yon bolgesine lokal olarak transforme edici
biyume faktori ,1 uygulanan hayvanlarda
anlamli derecede fazla bulunmustur. Bunun-
la birlikte, her biiytime faktori ile benzer so-
nug elde edilmemektedir. Koyun modelinde,
distraksiyon bolgesine bir buytme faktori
olan plateletten zengin plazma uygulanmasi-
nin kemik rejenerasyonu tzerindeki etkisi
arastirnilmistir. Biytime faktori uygulanan ve
uygulanmayan her iki grupta da distraksiyon
bolgesinde yeni kemik olusumu izlenmekle
birlikte Gi¢ boyutlu gortintiilemede plateletten
zengin plazma uygulanan grupta kemik yo-
gunlugunda ve hacminde 6nemli bir farkhlik
izlenmemistir (17). Osteojenik protein 1’in
distraksiyon doneminin sonunda yalniz bir
kez uygulanmasi kemik konsolidasyonu tize-
rinde belirgin bir etki olusturmamis ve dis-
traksiyonun daha erken dénemde uygulan-
masinin daha yararli olabilecegi sonucuna
variimistir (14).

Sonug olarak bu arastirmada, maksilla
agiz ici distraksiyon osteogenesis teknigi ile
sagittal yonde uzatilmis ve TGFR1 uygulanan
grupta histolojik olarak kemik iyilesmesi da-
ha iyi bulunmustur.

Arastirma Gazi Universitesi Bilimsel Aras-
tirma Projeleri Birimi (03/99-01) tarafindan
desteklenmistir.

Tesekkiir: Bu calismada yardimlarindan
dolayr Prof. Dr. Tulin Oygir ve Dr.Tayfun
ide’ye tesekkiir ederiz.

Sahan, Dinger, Alpaslan, Alpaslan

has a capacity to regenerate and fill the criti-
cal size defects without application of any
promoting material. As we need long time for
the new regenerated bone length after dis-
traction osteogenesis, new researches were
made for shorten the consolidation time .
There is evidence that growth factors, appli-
ed to the distraction site, increased bone re-
generation, enhanced bone quality and may
shorten the consolidation period of distracti-
on, and their effect is related with the time of
application (13,16,17). Fibroblast growth fac-
tor-2 has increased the endosteal deficits in
old rats after distraction osteogenesis (30).

In this present study the ratio of newly for-
med bone at distraction site was found signifi-
cantly higher in animals where transforming
growth factor beta 1 has been applied to the
distraction site 24 hours after distraction. The-
refore all the growth factors do not have same
effects. It was shown on a sheep model that no
matter growth factor is applied to the distracti-
on site new bone was generated in the distrac-
tion zone in all groups. However, Platelet rich
plasma had an effect on bone regeneration
there was no difference in volume and density
of bone between growth factor treated and un-
treated groups (17). It was shown that the in-
jection of osteogenic protein 1 given at the
end of the distraction period, had no signifi-
cant effect on bone consolidation and it is
concluded that it could be more useful when
applied early in the distraction phase (14).

The result of this study suggests that maxil-
la could be lengthened successfully intraoral
distraction osteogenesis technique and histo-
logical bone healing is much better in the dis-
traction group which treated with TGFR31.

Supported by Gazi University Scientific
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