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ÖÖZZEETT

AAmmaaçç:: Bu deneysel çal›flman›n amac›,
kemik-difl destekli distraktör kullan›m› ile
premaksillan›n ileri al›nmas›n›n kafa yüz
yap›lar› üzerine etkileri ile TGFß1’in ke--
mik iyileflmesi üzerine olan etkilerinin in--
celenmesidir. GGeerreeççlleerr vvee YYöönntteemm:: On--
dört adet tavflan 3 gruba ayr›larak 1.grup
sadece distraksiyon ostogenesis uygula--
nan 7 tavflandan, 2.grup distraksiyon os--
togenesis+ TGFß1 uygulanan 5 tavflan--
dan, kontrol grubu ise 2 tavflandan olufl--
turuldu. Anestezi ve distraktörün uyum--
lanmas›n› takiben palatal kemikte ve
maksillan›n lateral duvar›nda kortikotomi
yap›ld›. Cerrahiden 3 gün sonra, distrak--
tör vidas› 8 gün boyunca günde bir kere,
0,6 mm aktivasyon olacak flekilde aç›ld›.
‹kinci gruptaki tavflanlarda vida aç›lmaya
baflland›ktan 24 saat sonra kortikotomi
yap›lan bölgeye lokal olarak TGFß1 uy--
guland›. Tavflanlar 12 gün sonra sakrifiye
edilerek histolojik de¤erlendirme için ör--
nekler al›nd›. BBuullgguullaarr:: Distraksiyon os--
togenesis uygulanan grupta 3,79 mm;
distraksiyon ostogenesis ile birlikte
TGFß1 uygulanan grupta 3.70 mm, pre--
maksillan›n ileri do¤ru hareket ettirildi¤i
saptand›. SSoonnuuçç:: Her iki grupta sefalo--
metrik bulgular benzer bulunurken
TGFß1 uygulanan grupta histolojik ola--
rak kemik iyileflmesinin daha iyi oldu¤u
gözlendi (Türk Ortodonti Dergisi
2010;23:212-225)
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SSUUMMMMAARRYY

AAiimm:: The aim of this experimental
study was to evaluate the advancement
of premaxilla with a bone-tooth borne
distractors using the landmarks on stan--
dard lateral cephalograms and the effects
of TGFß1 on bone healing. MMaatteerriiaallss aanndd
MMeetthhooddss:: Fourteen rabbits were divided
in 3 groups where first group (n=7) was
treated with distraction osteogenesis, se--
cond group (n=5) was treated with dis--
traction osteogenesis combined with ex--
ternal TGFß1 application, and 2 rabbits
were treated only with corticotomy as
controls. Following anesthesia and adap--
tation of the individual distractors, corti--
cotomy of palatal bone and lateral maxil--
lary walls for distraction was made. The
distraction has started 3 days following
the surgical procedure, and the device
was activated 0.6 mm each day for 8
days. External TGFß1 application was
made following 24 hours of the initial ex--
pansion in animals where distraction was
combined with the application of growth
factor. Animals were sacrificed after 12
days of retention period and specimens
were collected for histological examinati--
on. RReessuullttss:: The amount of anterior mo--
vement of the premaxilla was found 3.79
mm for the distraction osteogenesis gro--
up and 3.7 mm for the group where ex--
ternal TGFß1 application was made fol--
lowing distraction. ConcCleft palate, al--
veolar distraction, secondary alveolar bo--
ne grafting.ups, histological bone healing
was much better in TGFß1 treated group.
(Turkish J Orthod 2010;23:212-225)

KKeeyy WWoorrddss: Distraction osteogenesis,
premaxillary advancement, bone-tooth
borne distraction appliance, TGFß1
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GG‹‹RR‹‹fifi
Distraksiyon osteogenesis tekni¤i gerilme

yoluyla yeni kemik oluflumunu sa¤layan bir
tedavi alternatifi olup; son y›llarda a¤›z d›fl›
veya a¤›z içi distraktör kullan›larak maksilla
ileriye al›nabilmektedir (1-4). 

Maksiller yetersizlik olgular›nda üst difl
kavsinde çaprafl›kl›¤a rastlan›lmakta, özellikle
kanin difllerinin vestibülden sürdükleri göz--
lenmektedir. Bu olgular›n erken dönem orto--
dontik tedavisinde a¤›z d›fl› uygulamalarla
birlikte üst çenede geniflletme (5,6) yap›lmas›--
na ra¤men özellikle kaninlerin sürmeleri için
gerekli yer elde edilememektedir. Olgunun
özelli¤inden dolay› yer elde etmek için difl çe--
kiminden kaç›n›lmaktad›r. Tedavi için iskelet--
sel geliflimin tamamlanmas› beklenerek, ke--
mik greftlerinin kullan›ld›¤› cerrahi tekniklerle
maksillan›n ilerletilmesi gerçeklefltirilmekte--
dir. Ancak bu uygulamalarda kemik greftinde
baflar›s›zl›klar ve greftin al›nd›¤› bölgede
komplikasyonlar bildirilmektedir (7,8). 

Ortodontik tedavi veya cerrahi ile destek--
lenmifl ortodontik tedaviler sonras› relaps ol--
dukça önemli bir problemdir. Büyüme faktör--
leri hem kemik tamir mekanizmas›nda hem
de kemi¤in normal yap›s›n›n korunmas›nda
çok önemli görevleri olan moleküller olup
(12); osteoblast proliferasyonu ve kemik for--
masyonunu artt›rmalar› yan›nda kemotaksis,
mitoz, farkl›laflma ve ekstraselüler matriks
oluflumunda 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 çeflitli büyüme faktörle--
rinin distraksiyon osteogenezis uygulamala--
r›ndaki terapötik etkileri hem deneysel hem
de klinik çal›flmalarda gösterilmifltir (14-17).
Transforme edici büyüme faktörü-beta (Trans--
forming Growth Faktör ß) (TGF-‚) büyüme
faktörlerinden biridir, memelilerde 3 izofor--
mu bulunmaktad›r. Büyümenin düzenlenme--
sinde ve geliflimde önemli rol oynamaktad›r.
Ayr›ca pek çok hücrede hücre ço¤almas›n›,
farkl›laflmas›n› kontrol etmekte ve ekstrasellü--
ler matriks formasyonunda yer almaktad›r
(18).  Ratlarda yap›lan bir çal›flmada TGF-
ß’n›n lokal olarak uygulanmas›, hem implant
çevresinde oluflan kemik miktar›n› hem de
implant ile kemik ba¤lant›s›n› artt›rm›flt›r
(19). K›r›k iyileflmesi modelinde TGF-ß1 lokal

IINNTTRROODDUUCCTTIIOONN
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-ß has resulted in enhanced peri-imp--
lant bone volume and bone-implant contact
in the rat model (19). Local delivery of TGF-
ß1 has been found to enhance local bone in--
growth and gap and fracture healing (20,21). 
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olarak uyguland›¤›nda defektte daha h›zl› ke--
mik oluflumu sa¤lamaktad›r (20,21). 

Distraksiyon osteogenezisinin morfolojik,
biomekanik, histolojik ve hücresel düzeyde
özellikleri daha çok, insan büyüme ve gelifli--
mine benzerlik gösteren büyük hayvan de--
neklerinde incelenmifltir. Moleküler düzey--
deki de¤ifliklikleri ratlarda inceleyen bir ça--
l›flmada, mandibular distraksiyon osteogene--
zisinde TGF-ß1 uygulanmas›n›n damar olu--
flumunu artt›r›c› etki gösterdi¤i saptanm›flt›r.
Bu bulgunun önemli klinik etkilere sahip
olabilece¤i, bu sayede kemik rejenerasyonu--
nu istenen bölgede artt›rmaya yönelik tera--
pötik etkisinden yararlan›labilece¤i üzerinde
durulmufltur (22). 

Literatür tarand›¤›nda, distraksiyon oste--
ogenezisi ile premaksiller ilerletmeye ait ol--
dukça az çal›flma izlenmektedir. Bu çal›flma--
lar›n ço¤unda da difl destekli distraksiyon ay--
g›tlar› kullan›lm›flt›r (2,9,10,11).

Bu deneysel çal›flmada, kemik-difl destekli
aparey kullan›larak distraksiyon osteogenezis
tekni¤i ile premaksillan›n ilerletilmesinin
dentofasiyal yap›daki etkileri ile distraksiyon
bölgesine lokal olarak uygulanan TGFß1’in
hücresel cevap ve kemik iyileflmesi üzerinde--
ki etkilerinin incelenmesi amaçlanm›flt›r.  

GGEERREEÇÇLLEERR vvee YYÖÖNNTTEEMM
Bu araflt›rma a¤›rl›klar› 2500-3000 gr.olan

eriflkin ve erkek 14 adet Yeni Zellanda tavfla--
n› üzerinde yürütüldü. Tavflanlar yüksekli¤i
40 cm olan 2500 cm2’lik kafeslerde %40-50
lik nem ve 15-210C ›s›da bar›nd›r›ld›. Çal›fl--
ma plan›na göre 3 grup oluflturuldu. Birinci
gruptaki 7 tavflana sadece distraksiyon oste--
ogenezisi yap›ld›, ikinci gruptaki 5 tavflana
distraksiyon osteogenezis ile birlikte kortiko--
tomi bölgesine lokal olarak transforme edici
büyüme faktörü ß1 uyguland›. Kortikotominin
hücresel etkilerini izlemek, 1. ve 2. grupta
oluflacak hücresel cevab›n ay›rt edilmesini
sa¤lamak için kontrol grubu olarak 3. grup,
sadece kortikotomi yap›lan 2 tavflandan olufl--
turuldu. 

Gazi Üniversitesi Etik Kurulu’ndan etik ku--
rul onay› al›nd› (6.11.2002 tarih ve  2-14150
no’lu rapor).

MMooddeell vvee LLaatteerraall SSeeffaalloommeettrriikk FFiillmmlleerriinn 
EEllddee EEddiillmmeessii
Tavflan kadavras›ndan yararlanarak akrilik

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-ß1 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 TGFß1 is
applied to distraction sites.

MMAATTEERRIIAALLSS aanndd MMEETTHHOODDSS
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,
2500cm2 width, at 41-50 % moisture and
21ºC heat. First group comprised of seven
rabbits where only distraction osteogenesis
was performed, second group comprised of
five rabbits where TGFß1 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).

TThhee CCoonnssttiittuuttiioonn ooff tthhee MMooddeellss aanndd tthhee 
LLaatteerraall CCeepphhaalloommeettrriicc RRaaddiiooggrraapphhss
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.
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ölçü kafl›¤› haz›rland›. Elastomerik ölçü ma--
teryali ile ölçüler al›narak sert alç›dan model--
ler elde edildi. 

Tavflanlardan araflt›rma bafl› ve sonunda
lateral sefalometrik filmler al›nd›. Filmlerin
standardizasyonu için 18x24 cm boyutunda--
ki film kaseti üzerine tavflan kafalar›n› yerlefl--
tirmek için akrilden düzenek haz›rland›.
Filmler tavflanlar uyutularak çekildi.

DDiissttrraakkttöörrüünn HHaazz››rrllaannmmaass››
6,4x3x13mm büyüklü¤ünde tek tarafl› vida

(Forestadent 134-1315) merkezi kortikotomi
yap›lacak bölgede olacak flekilde dama¤a
yerlefltirildi. Arka bölgede kemi¤e yerlefltirile--
cek pinlerin apareyle ba¤lant›s›n› sa¤layacak
olan 2 adet loop 0,70 mm çap›nda paslanmaz
çelik telden bükülerek vidan›n arkas›na le--
himlendi; ayn› flekilde önde 2 adet loop bükü--
lerek bu looplar›n akril yard›m›yla vida ile
ba¤lant›s› sa¤land› (fiekil 1).

Apareyin akril k›sm› önde yer al›p, üst ke--
sici difllerin vestibülünü saracak flekilde olufl--
turuldu (fiekil 2).

CCeerrrraahhii TTeekknniikk
Tavflanlara cerrahi uygulama öncesinde

antibiotik profilaksisi uyguland›. Cerrahi di--
siplin alt›nda haz›rlanan hayvanlara, 30 mg
KetalarHCL (Ketamin, Eczac›bafl›) ve 4mg
Xylazine (Rompun-Bayer) bulunan anestezik
solüsyon ›ntramusküler enjeksiyon yolu ile
verildi. Cerrahi ifllem öncesi distraktör denek--

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.

CCoonnssttrruuccttiioonn ooff tthhee DDiissttrraaccttoorrss
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).

SSuurrggiiccaall TTeecchhnniiqquuee
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 HCl
–Eczac›bafl›)and 4mg Xylasine HCl (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

Turkish Journal of Orthodontics 2010;23:212-225
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FFiigguurree 11.. Construction of

distractor.
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lerin maksillas›na uyumland›r›ld›. Apareyde
vidan›n bulundu¤u bölgede mukoperiosteal
bir bant bulunacak flekilde sa¤ ve sol tarafta
ön ve arka difller aras›ndaki mesafenin orta--
s›nda hafifçe vestibüler sulkusa uzanan dikey
insizyonlar yap›ld› (fiekil 3). Aparey yerinden
ç›kart›larak her iki tarafta lateral maksiller du--
varlar aç›¤a ç›kar›lacak flekilde mukoperios--
teal flap periost elevatörü kullan›larak kald›--
r›ld›. Yumuflak dokular korunarak 0.3 mm
cerrahi frezler ve steril serum fizyolojik irri--
gasyonu ile palatal kemik ve lateral maksiller
duvarda kortikotomi yap›ld›. Kortikotomi
sonras›nda kemik parçada serbestlefltirme ya--
p›lmad›. Kanama kontrolünü takiben operas--
yon bölgesi primer olarak suture edildi.

DDiissttrraakkttöörrüünn UUyygguullaannmmaass››
Distraktör ön difllere cam iyonomer si--

manla yap›flt›r›ld›. Distraktörün önünde ve
arkas›nda bulunan looplar›n içinden frezle
transmukozal olarak palatal kemikte vida yu--
valar› haz›rland›. 5 ve/veya 7 mm’lik titani--
um vidalar (Howmedica Leibinger Inc.)
transmukozal olarak yerlefltirilerek 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. 

AApppplliiccaattiioonn ooff tthhee DDiissttrraaccttoorrss

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. 

AAccttiivvaattiioonn ooff tthhee DDiissttrraaccttoorrss

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. 

AApppplliiccaattiioonn ooff TTGGFF‚‚11
A solvent pack was prepared from lyophi--

lized powder of TGFß1 (Sigma T1654) accor--

ding to the manufacturer’s instructions in the
laboratory of department of biochemistry.

fifieekkiill 22.. a. Distraksiyon Öncesi

b. Distraksiyon Sonras›. 

FFiigguurree 22.. a. Before distraction,

b. After distraction.

fifieekkiill 33.. Cerrahi ‹nsizyon. 

FFiigguurree 33.. Surgical incision.
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DDiissttrraakkttöörrüünn AAkkttiivvaassyyoonnuu
3 günlük bafllang›ç iyileflmeyi takiben,

4.günde, günde bir kere 0,6 mm aktivasyon
olacak flekilde vida 8 gün boyunca aktive
edildi (fiekil 2 a,b). 

TTGGFF‚‚11’’iinn UUyygguullaannmmaass››
Toz halinde ve cam viallerde paketlenmifl

olan liyofilize TGFß1 (Sigma T1654)’ n›n kul--
lan›m› için, üretici firman›n önerileri do¤rul--
tusunda saklama ve çözme ifllemleri Gazi
Üniversitesi Biyokimya Anabilim Dal› Labo--
ratuvar›nda yap›ld›. 40 Ìl 0,1 N HCl ile disti--
le su kar›fl›m› ile haz›rlanan ve %0,1 s›¤›r se--
rum albumini içeren  toplam 10 ml’lik 4mM
HCl solüsyonu elde edilerek bu solüsyon 0,2
Ìl membranefiltreden (Sartorius Minisart SM-
16534) geçirilerek çözücü tampon haz›land›.
1Ìg TGFß1 çözücü tampona eklendi. Tafl›y›c›
olarak hidroksimetilselüloz (Natrasol, Aqua--
lon Hercules Brussels) kullan›ld›. Haz›rlanan
solusyon eksojen yolla distraksiyon bölgesi--
nin sa¤›na ve soluna 100 ng olacak flekilde
vida aç›lmaya bafllad›ktan 24 saat sonra tek
doz olarak enjekte edildi.

Her iki grupta aktif distraksiyon ifllemi (vi--
dan›n aç›lmas›) bittikten sonra vidalar akril
ile sabitlenerek distraktör 12 gün a¤›zda tu--
tuldu; 13.günde tavflanlardan materyal top--
land› ve tavflanlar yüksek doz sodyum pento--
barbitüral enjeksiyonu ile sakrifiye edildi.

HHiissttoolloojjiikk DDee¤¤eerrlleennddiirrmmee
Rutin fiksasyon  ve dekalsifikasyon ifllem--

lerini  takiben 5-7 mikron kal›nl›¤›nda doku
kesitleri al›narak hematoksilen eosin ile bo--
yand› ve lam üzerinde de¤erlendirildi. (Mik--
roskopik inceleme için Nikon Eclipse E 200,
Fotomikroskopi için Nikon Eclipse E 600
kullan›ld›). Nötrofil lökosit yo¤unlu¤u, lenfo--
sit plazmosit yo¤unlu¤u, fibroblast yo¤unlu--
¤u, kollojen birikimi, yeni kemik yap›m› (tra--
bekül yo¤unlu¤u), osteoblastik hücre yo¤un--
lu¤u, kompakt kemik oluflumu, yeni kemik /
kemik defekti oran›, osteoclastik hücre yo--
¤unlu¤u histopatolojik olarak de¤erlendirildi.

Bu parametrelerde; histolojik inceleme se--
mikantitatif olarak + = 1, ++ = 2, +++ = 3, -
= 0 olarak de¤erlendirildi. Trabekül yo¤unlu--
¤u X10 magnifikasyon alan›ndaki say›ya göre
1-10, 11-20, 21 ve üzeri olarak saptand›. Ay--
r›ca yeni kemik oluflumu tüm distraksiyon
alan›na oranlanarak iki gruptaki yüzdeler el--

4mM HCl containing 0.1% cattle serum al--

bumin was prepared by combining distilled
water with 40 Ìl 0.1 N HCl in a total volume
of 10 ml, and filtering through 0.2 Ìl membra--

ne (Sartorius Minisart SM-16534). Finally 1Ìg
TGFß1 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.

HHiissttoollooggiiccaall EEvvaalluuaattiioonn

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. 

IInnvveessttiiggaattiioonn ooff LLaatteerraall CCeepphhaalloommeettrriicc 
RRaaddiiooggrraapphhss
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
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de edildi.
LLaatteerraall SSeeffaalloommeettrriikk FFiillmmlleerriinn ‹‹nncceelleennmmeessii
Lateral sefalometrik filmlerde kullan›lan

noktalar (23)  (fiekil 4):
Po: Kranial kubbenin en arka ve üst noktas›
N: Nazofrontal suturun en üst noktas›
E: Ethmoid kemi¤in arka s›n›r›ndaki en üst

nokta ile frontal kemi¤in kesiflim noktas›
Pr: Premaksilla alveolar proçesinin en ön

ve alt noktas›
Bu: Premaksillada üst kesici diflin palatal

taraf›ndaki alveoli kemi¤i ile palatal kemi¤in
birleflti¤i nokta

Mu: Üst molar diflin en meziyal yüzeyi ile
maksiller kemi¤in kesiflti¤i nokta

UI: Üst kesici kronunun en uç noktas›
Mu-Bu: Palatal uzunluk
RD1: Referans düzlemi 1(N ve Po noktala--

r›n› birlefltiren düzlem)
RD2: Referans düzlemi 2 (RD1’e Po’dan

indirilen dik düzlem)
Po-EL: Nazokraniyal uzunluk
Pr-EL: Viskokranial uzunluk

9 boyutsal ve 2 aç›sal ölçüm kullan›ld›
(fiekil 5).

‹‹ssttaattiissttiikksseell DDee¤¤eerrlleennddiirrmmee
Grup içi de¤iflimlerin önem kontrolü Wil--

coxon testi, gruplararas› de¤iflimlerin önem
kontrolü Mann-Whitney U testi ile  yap›ld›.

BBUULLGGUULLAARR
SSeeffaalloommeettrriikk BBuullgguullaarr
Distraksiyon sonunda palatal uzunluk (Mu-

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

UI: 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).

SSttaattiissttiiccaall MMeetthhoodd
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.

fifieekkiill 44.. Anatomik Noktalar ve

Düzlemler. 

FFiigguurree 44.. The Landmarks and

Planes.
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Bu mesafesi), 1.grupta 3,79 mm; 2.grupta
3,70 mm art›fl gösterdi (Tablo I). Palatal uzun--
luktaki de¤iflim ortalamalar› aras›ndaki fark
gruplararas›nda önemli bulunmad› (Tablo II).

Her iki grupta U1-RD1 mesafesi, Pr-RD1
mesafesi, Bu-RD1 mesafesi ve Mu-Bu/Po-EL
aç›s›nda istatistiksel olarak önemli düzeyde
azalma; U1-RD2 mesafesi, Pr-RD2 mesafesi
ve Bu-RD2 mesafesi ve Pr-EL/Po-EL aç›s›nda
istatistiksel olarak önemli düzeyde art›fl göz--
lendi (Tablo I).

Her iki grupta U1-RD2 mesafesi ve  Bu-
RD2 mesafesindeki de¤iflim miktar› ayn› de--
¤erde bulundu (Tablo II).

HHiissttoolloojjiikk BBuullgguullaarr ((TTaabblloo IIIIII))
Tüm gruplarda çeflitli düzeylerde inflama--

tuar reaksiyon ve yeni kemik yap›m› gözlendi.
Sadece distraksiyon uygulanan grupta çe--

flitli enflamasyon hücreleri ve aktif osteoblast
ve fibroblastlarla karakterize yeni kemik tra--
bekülleri gözlendi (fiekil 6). Kontrol grubu ile
karfl›laflt›r›ld›¤›nda (1.G-3.G) 1.grupta nötro--
fil, lenfosit, fibroblast yo¤unlu¤u ve yeni
kompakt kemik oluflumu istatistiksel olarak
önemli düzeyde fazla bulundu (s›ras›yla
p<0,01, 0,001, 0,05, 0,01).

TGF‚1ve distraksiyon uygulanan grupta da
daha az enflamasyon hücresi ve daha aktif
kemik yap›m› ve daha fazla fibroblast olmak
üzere 1. grupla benzer sonuçlar elde edildi
(fiekil 7). Kontrol grubu ile karfl›laflt›r›ld›¤›nda
(2.G-3.G), 2.grupta nötrofil, lenfosit, fibrob--
last yo¤unlu¤u ve yeni kompakt kemik oluflu--

RREESSUULLTTSS
CCeepphhaalloommeettrriicc RReessuullttss
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).

HHiissttoollooggiiccaall RReessuullttss ((TTaabbllee IIIIII ))
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--

fifieekkiill 55.. Do€rusal Ölçümler:

1.Mu-Bu; 2.UI-RD1(üst

kesicinin RD1’e dik uzakl›€›);

3.UI-RD2(üst kesicinin

RD2’ye dik uzakl›€›); 4.Pr-

RD1(Pr noktas›n›n RD1’e dik

uzakl›€›); 5.Pr-RD2(Pr

noktas›n›n RD2’ye dik

uzakl›€›); 6.Bu-RD1(Bu

noktas›n›n RD1’e dik

uzakl›€›); 7.Bu-RD2(Bu

noktas›n›n RD2’ye dik

uzakl›€›); 8.Mu-RD1(Mu

noktas›n›n RD1’e dik

uzakl›€›); 9.Mu-RD2(Mu

noktas›n›n RD2’ye dik

uzakl›€›); 

Aç›sal Ölçümler: 10.Pr-

EL/Po-EL; 11.Mu-Bu/Po-EL; 

FFiigguurree 55.. 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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mu ve kollajen birikimi istatistiksel olarak
önemli düzeyde fazla bulundu (s›ras›yla
p<0,001, 0,05, 0,01, 0,01). yeni kemik / ke--
mik defekti oran› istatistiksel olarak önemli
düzeyde yüksek bulundu (p<0,01).

Sadece kortikotomi uygulanan tavflanlarda
defekt alan›n yeni kemik trabeküllerinden
zengin oldu¤u ve az say›da inflamatuar hüc--
re içerdi¤i; ara dokunun ise yer yer fibroblast--
lardan zengin ve ince kollajenize yap›da ol--
du¤u gözlendi (fiekil 8).

Birinci ve ikinci araflt›rma grubu karfl›laflt›--
r›ld›¤›nda (1.G-2.G), lenfosit yo¤unlu¤u, tra--
bekül yo¤unlu¤u, yeni kemik yap›m› ve yeni
kemik /kemik defekti oran› aras›ndaki farklar
s›ras›yla p<0,05, 0,05, 0,01, 0,01 düzeylerin--

trols (1st G-3th G) Similar results were seen in
animals receiving TGFß1 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--

TTaabblloo II.. Sefalometrik

De€erlendirme (G: Grup).

TTaabbllee II.. Cephalometric

Evaluation of the Rabbits 

(G: Group).

TTaabblloo IIII.. Distraksiyonla

Oluflan De€iflimler ve

Gruplararas› Karfl›laflt›rmas›

(G: Grup).

TTaabbllee IIII.. The Mean Changes

During the Distraction Period

and Comparisons Between

the Groups (G:Group).
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de önemli bulundu. 
TTAARRTTIIfifiMMAA
Çal›flmam›zda elde etti¤imiz sefalometrik

bulgular, kemik difl destekli distraktör kullan›--
larak premaksillan›n ileri al›nd›¤›n› göster--

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

tomy only (Figure 8)
The intensity of lymphocytes, trabecular

TTaabblloo IIIIII.. Histolojik

Parametrelerin

De€erlendirilmesi ve

Gruplararas› Karfl›laflt›r›lmas›

(G: Grup)

TTaabbllee IIIIII.. Evaluation of

Histological Parameters and

Comparisons Between the

Groups (G: Group)

fifieekkiill 66.. Grup 1 de yeni

flekillenmifl osteoblastlar (A)

osteoblast X 200HE.

FFiigguurree 66.. Newly formed

osteoblasts in group 1 (A)

ob:osteoblast X 200HE.
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mektedir. 
Kortikotomi bölgesine lokal olarak TGF‚1

uygulanan ve uygulanmayan her iki grupta
da Pr-RD1 ve Bu-RD1 mesafelerinde ve Mu-
Bu/Po-EL aç›s›nda azalma; Pr-RD2 ve Bu-
RD2 mesafeleri ile palatal uzunlukta (Mu-Bu
mesafesi) art›fl premaksillan›n ileri ve yukar›
yönde hareket etti¤ini göstermektedir.  Her
iki grupta U1-RD2 mesafesi ile Bu-RD2 me--
safesindeki de¤iflim miktarlar›n›n ayn› de¤er--
de olmas›, intraoral kemik-difl destekli dis--
traktörün diflsel hareketten daha çok iskelet--
sel hareket oluflturdu¤unu belirtmektedir.

Konvansiyonel osteotomi teknikleri ile
karfl›laflt›r›ld›¤›nda, distraksiyon osteogenezis
tekni¤inin kemik greftine ihtiyaç duyulmama--
s›, büyüme ve geliflim dönemindeki çocuk--
larda da uygulanabilmesi ve ayr›ca yeni olufl--
turulan kemi¤e yumuflak dokular›n uyum ko--

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 TGFß1 after distraction when compa--

red with animals receiving distraction only
(1st G-2nd G).

DDIISSCCUUSSSSIIOONN
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

fifieekkiill 77.. Grup 2 de aktif

osteoblastlarla çevrili kemik

trabekülleri(t) (B) X100HE. 

FFiigguurree 77.. Bone trabecules(t)

surrounded by active

osteoblasts in group 2 (B)

X100HE.

fifieekkiill 88.. Kontrol grubunda

yeni flekillenmifl trabeküler

kemik (t) ve fibroblastlar (f)

X100HE.

FFiigguurree 88.. Newly formed

trabeculer bone (t) and

fibroblasts (f) in control

animal X100HE.
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layl›¤› gibi avantajlara sahip oldu¤u bildiril--
mektedir (1,24-27). Bu nedenle distraksiyon
osteogenezisi günümüzde tercih edilen bir
cerrahi yöntem olmufl, s›kl›kla mandibulada
uygulanmas›na ra¤men, maksillada da kulla--
n›m› ile ilgili çeflitli raporlar yay›nlanm›flt›r.
Maksiller yetersizli¤e sahip olgularda difl des--
tekli distraksiyon osteogenezis yöntemi ile
maksillan›n ilerletilmesi yap›lmaktad›r. Bu
amaçla, ekstraoaral apareylerden çok çal›fl--
mam›zda oldu¤u gibi intraoral apareyler ter--
cih edilmektedir (1,2,9,28). 

Altuna ve arkadafllar› (9,28) adelosan may--
munlarda difl destekli aparey kullanarak mak--
sillan›n ön k›sm›n›n ileri hareketi ile maksilla--
n›n boyunun baflar›l› bir flekilde artt›r›labile--
ce¤ini ileri sürmüfllerdir. Araflt›r›c›lar, ayn› za--
manda distraksiyon osteogenezisi ile büyü--
mekte olan çocuklarda maksiller yetersizli¤in
kemik greftine ihtiyaç kalmadan giderilebile--
ce¤ini, çaprafl›kl›k olgular›nda yer elde edile--
bilece¤ini belirtmifller ve bu olgularda retansi--
yon süresi sonunda relaps saptamam›fllard›r. 

Block ve arkadafllar› (1,2) çal›flmalar›nda,
difl destekli distraktör kullan›ld›¤›nda diflsel
hareketin iskeletsel hareketten daha fazla ol--
mas› nedeniyle relaps e¤iliminin artaca¤› so--
nucuna varm›fllard›r. Araflt›r›c›lar (3) daha
sonraki çal›flmalar›nda kemik destekli distrak--
törün difl destekli distraktörlere göre daha üs--
tün olduklar›n› bildirmifllerdir. 

Kaluzinski ve arkadafllar› (29) a¤›z içi kemik
destekli distraktör kulland›klar› 3 olguda fonk--
siyonel ve estetik sonuçlar› göstermifllerdir.

Distraksiyon osteogenezisi canl› kemik
oluflumunu sa¤layan cerrahi bir ifllemdir. Dis--
traksiyon bölgesinde differansiye olmam›fl
mezenflimal hücreler kemik hücrelerine fark--
l›laflmakta ve kemik dokusu oluflturmaktad›r--
lar. Kemik doku rejenerasyon yetene¤ine sa--
hiptir ve herhangi bir greft materyali uygulan--
masa da kritik boyuttaki kemik defektlerinin
iyileflmesi mümkündür. Distraksiyon osteoge--
nezisinde istenen uzunlukta kemik elde edi--
lebilmesi için oldukça uzun bir süre gerek--
mektedir. Bu nedenle yeni kemik oluflumunu
h›zland›racak, konsolidasyon süresini azalta--
cak yöntemlerin aray›fl› sürmektedir. Bu
amaçla, büyüme faktörlerinin kullan›m› pek
çok çal›flmada araflt›r›lm›flt›r. Distraksiyon
bölgesine uygulanan büyüme faktörleri ke--
mik rejenerasyonunu ve kemik kalitesini art--
t›rmakta, distraksiyonun konsolidasyon süre--

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
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sini k›saltmakta olup; bu etkileri uygulanma
zamanlar› ile iliflkili olmaktad›r (13,16,17).
Fibroblast büyüme faktörü 2 distraksiyon os--
teogenezisi uygulanan yafll› ratlarda endoste--
al defektleri azaltm›flt›r (30). Çal›flmam›zda
distraksiyon bölgesinde yeni oluflan kemik
oran› distraksiyondan 24 saat sonra distraksi--
yon bölgesine lokal olarak transforme edici
büyüme faktörü ‚1 uygulanan hayvanlarda
anlaml› derecede fazla bulunmufltur. Bunun--
la birlikte, her büyüme faktörü ile benzer so--
nuç elde edilmemektedir. Koyun modelinde,
distraksiyon bölgesine bir büyüme faktörü
olan plateletten zengin plazma uygulanmas›--
n›n kemik rejenerasyonu üzerindeki etkisi
araflt›r›lm›flt›r. Büyüme faktörü uygulanan ve
uygulanmayan her iki grupta da distraksiyon
bölgesinde yeni kemik oluflumu izlenmekle
birlikte üç boyutlu görüntülemede plateletten
zengin plazma uygulanan grupta kemik yo--
¤unlu¤unda ve hacminde önemli bir farkl›l›k
izlenmemifltir (17). Osteojenik protein 1’in
distraksiyon döneminin sonunda yaln›z bir
kez uygulanmas› kemik konsolidasyonu üze--
rinde belirgin bir etki oluflturmam›fl ve dis--
traksiyonun daha erken dönemde uygulan--
mas›n›n daha yararl› olabilece¤i sonucuna
var›lm›flt›r (14).

Sonuç olarak bu araflt›rmada, maksilla
a¤›z içi distraksiyon osteogenesis tekni¤i ile
sagittal yönde uzat›lm›fl ve TGFß1 uygulanan
grupta histolojik olarak kemik iyileflmesi da--
ha iyi bulunmufltur.

Araflt›rma Gazi Üniversitesi Bilimsel Arafl-
t›rma Projeleri Birimi (03/99-01) taraf›ndan
desteklenmifltir.
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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 ›n 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 TGFß1.
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Distraksiyon Osteogenesis ile Premaksillan›n ‹leri Al›nmas›
Premaxillary Advancement with Distraction Osteogenesis
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