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G<R«fi

Midpalatal sutur tGzerinden maksillayr iki-
ye ayirmak suretiyle uygulanan ortodontik ve
ortopedik bir tedavi yontemi olan RME, st
cenenin darligina bagli olarak meydana gel-
mis malokluzyonlarin diizeltilmesinde énem-
li bir rol oynar. Elde edilen genisletmenin is-
keletsel olmasi ve dissel genisletmeye oranla
cok daha fazla stabil kalmasi, RME'yi essiz bir
tedavi yontemi kilmaktadir.

Bu yontemin en 6nemli uygulayicilarin-
dan biri olan Haas, RME apareyinin maksi-
mum dental ankraja sahip ve kisa zamanda
sutur acihmi saglayacak sekilde olmasi gerek-
tigini bildirmistir (1-4). RME'nin suturda olus-
turdugu yapisal ve histolojik degisiklikler (5-
10), nazal hava yoluna olan etkisi (11-14),
hatta gece isemesi (15) ve duyma guglugiine
(16-17) olan etkisi gibi bircok konu bugiine
kadar birgok arastirmaci tarafindan incelen-
mistir.

Lazer Doppler Flowmetry (LDF) teknigi
Doppler prensibine dayanir. Bu teknikle mo-
nokromatik sabit lazerden diistik guicteki isin
optik kablo vasitasiyla calisilacak dokuya ile-
tilir. Hareketli kan hicrelerine carpan isigin
dalga boyu ve frekansinda degisim olur; buna
Doppler kaymasi denir. Eger isinin carptigi
nesne statik ise Doppler kaymasi meydana
gelmez ve carpan i1sin yansir ve dagilir. Bu sa-
¢tlan 1sin demeti probun ucundaki bir veya
birkac optik toplayici fiber tarafindan toplanir
ve fotodedektorlere taginir. Kalan fotoakim ise
kan olcimiint elde etmemizi saglar. Bu kan
akimina ‘perfiizyon’ veya yaygin kullanimiyla
‘flux’denir ki bu da kan hiicrelerinin yogunlu-
gu ve hizi ile dogru orantilidir(18,19).

Gunumuzde LDF, invaziv olmayan 6l¢tim
metotlari icerisinde kan akiminda meydana
gelen degisiklikleri ktigik hacimli bir dokuda-
ki (Tmm3) kan hicrelerinin hareketini sapta-
yarak 6lcen ve yaygin olarak kullanilan bir
metotdur (20-22). Ozellikle plastik cerrahi
alaninda transplantlarin ve fleplerin zarar gor-
mis olan dolasimlarini incelemekte kullani-
1ir(23,24). Dis hekimliginde ise yaygin olarak
degisik etkilere maruz kalmis dislerdeki pul-
pal kan akimindaki degisikliklerin 6l¢timiinde
kullanilmaktadir (25-27). Fakat mikrodamar-
lardaki ayri ayri her kan akimi, aktif kan aki-
mi olan damar sayisi ve damar ¢api bu metot-
la hesaplanamaz (28).

Midpalatal suturun tamamen kemiklesme-
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INTRODUCTION

RME is a treatment method for correcting
constricted maxilla. The expansion obtained
with RME is more stable than slow expansi-
on. This renders RME a unique treatment al-
ternative.

Haas, stated that RME appliances should
be fabricated to provide maximum dental
anchorage and opening the midpalatal sutu-
re quickly (1-4). Structural and histological
changes occurred by RME at midpalatal su-
ture (5-10), effects of RME on nasal airway
(11-14), nocturnal enuresis (15), and con-
ductive hearing loss (16-17) were evaluated
in many studies.

Laser Doppler Flowmetry (LDF) technique
depends on the Doppler principle, where a
low power light from a macrochromatic
stable laser is directed via an optical fiber to
the tissue to be studied. The light hitting mo-
ving blood cells undergoes a change in wa-
velength and frequency, named Doppler
shift. Doppler shift does not occur if the ob-
ject that the beam hitting is static and light
scatters. The laser light scattered from static
tissue is photodetected and collected by one
or more other optical fibers. The resulting
photocurrent is processed to provide a blood
flow measurement. The term used to descri-
be blood flow is perfusion or commonly
used as flux which is direct proportion with
intensity and speed of blood cells (18,19).

Today LDF is an extensively used method
for measuring dynamic changes in blood
flow through non-invasive measurement
methods, by detecting blood cell movement
in a small volume of tissue (about Tmm3).
Especially in the field of plastic surgery, LDF
is used for monitoring the blood perfusion in
skin transplants and flaps (20,22). In the fi-
eld of dentistry, it is used for evaluating the
pulpal perfusion changes of teeth generated
by various negative effects (23-24). In den-
tistry this method generally used for asses-
sing the changes in pulpal blood flow of te-
eth exposed with various effects (25-27).
However, the flow in individual microves-
sels, the number of vessels with active flow,
and vessel diameter cannot be analyzed
(28).

On average %5 of mineralization of the
midpalatal suture can continue by age 25 ye-
ars (29). In histological studies on material of

Tiirk Ortodonti Dergisi 2006,19:3-9



RME’de Sutural Kan Akimi Degisimi
Sutural Blood Flow Changes During RME

si %5 olasilikla 25 yasina kadar strebilir(29).
Suturun kemiklesmesi arkadan 6ne dogru ol-
maktadir. insan kadavralarinda yapilan histo-
lojik calismalarda bebeklikte suturun vomer
kemigi palatinal yapilara baglayacak sekilde
Y seklinde, cocuklukta yilan kivrimi, erigkin-
likte ise testere agzi goriniminde olup me-
kanik kilitlenme ve kemik adaciklari olustugu
gortlmastar (7,30).

Calismamizin amaci, RME uygulamasi si-
rasinda ve sonrasinda, midpalatal sutur bolge-
sindeki kan akim degisimini incelemektir.

GERECLER ve YONTEM
Calismamiz Cumbhuriyet Universitesi Dis-
hekimligi Fakultesinde, yaslar 11,8-14,0 ara-
sinda degisen, iskeletsel olarak (st ¢enede
darhk gosteren 11 hasta (6 kiz- 5 erkek ) tize-
rinde yapilmistir. Hastalar bonded tip RME
apareyi ile tedavi edilmis, genisletme ortala-
ma 3 hafta stirmusgtiir. Vida olarak Hyrax vida
kullanilmis, vida damagin en derin yerine ok-
luzal diizleme paralel olarak yerlestirilmistir.
Olctim sirasinda probun stabilizasyonu ve
dokuya uzakligi son derece onemlidir. Bu
amacla genellikle silikon esash 6l¢ti maddele-
rinden, akrilik sabitleyicilerden ya da 6zel tel
buktimlerinden yararlanilmaktadir. Bu ¢ahs-
mada onceki uygulamalardan farkli olarak
probun stabilizasyonunu saglamak amaciyla
Hyrax vidasinin T mm capl deliklerinden ya-
rarlanilmistir.(Sekil 1) Apareyin simantasyo-
nunu takiben 1. 6lctim (T1) yapilmistir. Hasta-
ya vidayi giinde 2 defa (1/4 tur x 2) gevirmesi
sOylenmistir. Genigletme bittiginde 2.6lgtim
(T2), retansiyonun 12. haftasinda ise son 6l-
ciim (T3) yapilmistir. Olciimler, her seferinde
ayni oda, ayni Gnit, ayni ve ayni s araliginda
(20-240C), ayni kisi tarafindan yapilmistir.

Calismada kan akimini 6l¢mede Pe-
riflux 4001 Master LDF cihazi (4001 Periflux,
Perimed AB, Jarfalla, Sweden) kullanilmistir
(Sekil 2). Kullanilan cihazin urettigi 1sinin dal-
ga boyu 780 nm band genisligi 20Hz-2kHz,
lazerin giict ise Tmw tir. Cihazin kalibrasyo-
nu (sifirlama otomatik olarak yapilir) her 6l-
¢timden once, uretici tarafindan énerilen ‘Pe-
rimed PF 1000 kalibrasyon cihazi (Perimed,
isvec) ile yapilmis, perfiizyon tinitesi cihaz ta-
rafindan kaydedilmis, ortalamasi ise kullani-
lan cihaz icin 6zel olarak gelistirilmis bir ya-

zilim olan 5.1 Gastrosoft ile hesaplanmistir.
Palatal sutur bolgesinden 3 farkli 6l¢im
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human cadavers observed that, in infancy
the suture has a Y shape and binds the vomer
with the palatine processes, in the childhood
taking a serpentine course, by adolescence
become interdigitated that mechanical inter-
locking and islets of bone are formed (7,30).

The aim of this study was to analyze the
blood flow changes in the surrounding tissu-
es of the midpalatal suture during and after
RME.

MATERIAL and METHODS

The study was performed at Cumhuriyet
University on 11 patients between 11.8-14
years of age who exhibit skeletal maxillary
constriction. The patients were treated with
bonded RME appliance for three weeks. A
Hyrax screw was used, and placed as close
as possible to the palate and parallel to occ-
lusal plane.

During the LDF phase stabilization and
distance between the tissue and probe du-
ring measurement is very important. For this
purpose, acrylic stands, silicon based materi-
als or special wire bends are used. In the pre-
sent study, recordings were taken through 1
mm diameter activation holes of Hyrax
screw to standardize the measurements

(Figure 1). The first measurements were obta-
ined before cementation (T1) of appliances.
The appliance was activated twice a day (1/4
turn X 2). At the end of expansion (T2) and
end of 12 weeks retention (T3) second and
third measurements were taken. The patients
rested for at least 10 min in the same dental
chair before recordings were made at the sa-
me time by the same investigator.

A Periflux 4001 Master Laser Doppler
Flowmeter (Perimed, Stockholm, Sweden)

Sekil 1: LDF probuyla Hyrax
vidanin aktivasyon
deliklerinden palatal bélgeden
Olglim yapilmasi.

Figure 1: The recordings of
the probe of LDF were made
through activation holes of
Hyrax screw to measure blood

flow from palatal tissue.



Sekil 2: Lazer Doppler
Flowmetry cihaz.
Figure 2: Laser Doppler

Flowmetry device.

Tablo I: Kan akimindaki
degisikliklerin istatistiki
sonuglari.

Table I: Statistical results of

blood flow changes.

Bigakgi

zamaninda elde edilen degerler (T1-3), Win-
dows ortaminda SPSS Ver.10.0. istatistik ol-
cumleri paket programindan yaralanilarak de-
gerlendirilmistir. Olctim zamanlarina gore her
hastadan elde edilen degerleri kendi igerisin-
de kargilastirmak icin tekrarl 6lgtimlerde var-
yans analizi kullanilmistir. Yapilan analiz ne-
ticesinde farklihgin anlamli bulundugu so-
nuglarda farklilik gosteren 6l¢cim zamanlari-
nin belirlenmesinde ise Tukey testi kullanil-
mistir.

BULGULAR

Palatal mukozanin kan akimindaki degisik-
ler Tablo | ve Sekil 3 de gosterilmistir. Tim
hastalarda hedeflenen genisletme saglanmis-
tir. RME ye bagl olarak palatal mukozada
meydana gelen degisiklikler 6l¢im zamanla-
rina gore karsilastirlldiginda farklihk 6nemli
bulunmustur. (P<0.05) Kan akimda meydana
gelen bu anlamli degisim 6l¢iim zamanlarina
gore ikiserli olarak karsilastirldiginda; TTile
T2, T1 ile T3 ve T2 ile T3 arasindaki farklilik

Jlglim Zamani /

Maasurament fime X 1 S (PU)
Baglangigz / Inflal (T,) 508 1 0.5
Ekspansiyan sonu/ <91 L 15.35

End &f sxpansian (T,)

Eclzansiyon soanu /

End of retention (Ts) 52281 2.08

F-57 U3 p~0139, p<s 05, FU° Eocuzyun Onilssi Eacusar Ur

6nemli bulunmustur (P<0.05).

TARTIfIMA

RME nin dislere, alveol genisligine, maksil-
la ve mandibulanin biiytime yoniine, nazal
havayoluna, gece isemesine, maksillanin 3
yondeki hareketine etkisi gibi farkli bircok ko-
nuda sayisiz makale yayinlanmistir. Fakat

(Figure 2) was used to measure pulpal blood
flow. The LDF emitted light at 780 nm wave-
length. Band width was 20 Hz-20 kHz and
sampling frequency was 32 Hz. Calibration
(zeroing was done automatically at calibrati-
on) was made with the "PF 1000 Calibration
Device" (Perimed, Sweden) before each me-
asurement. Perfusion units were recorded
using the flowmeter and monitored using the
Perisoft software (Version 5.1, Gastrosoft
Inc.).

RESULTS

Sufficient expansion was achieved in all
patients. Measurements were analyzed using
the SPSS statistical software (SPSS 11.0, Chi-
cago, IL, USA). The data obtained before
(T1), after expansion (T2) and at the end of
retention (T3) were compared by using repe-
ated variance analysis. The significance in
subgroups was evaluated by using Tukey
test. The results demonstrated that the diffe-
rences between the blood flow measure-
ments were statistically significant (P<0.05,
Table I and Figure 3).

DISCUSSON

Effects of RME has been studied extensi-
vely. However, limited information is ava-
ilable about the sutural changes during RME
which are acquired from histological studies
of autopsy material from experimental ani-
mals and human biopsy  materi-
als(7,8,10,31). Reports on monkeys, cats,
rats and pigs render an opinion about reacti-
ons surround midpalatal suture (30). As one
might expect, the findings have certain amo-
unt in common: expansion, hyperemia, se-
paration of maxilla, osteoblast activity with
new bone appearing at the edges of palatal
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midpalatal suturda meydana getirdigi degisik-
liklerle ilgili bilgimiz hayvan deneyleri ve ka-
davralarda vyapilan deneylerle sinirhdir
(7,8,10,31). Tavsanlar, maymunlar, kediler ve
domuzlar tizerinde yapilmis bircok c¢alisma
bize bu bolgede meydana gelen reaksiyonlar-
la ilgili fikir vermektedir (30). Bunlar tahmin
edilebilecegi gibi basit olarak ekspansiyon
baslangici, hiperemi, ayrilan kemik ytizeyleri,
palatal proces boyunca osteoblastik aktivite
ile palatal proces kenarinda yeni kemik olu-
sumu seklinde sayilabilir.

Daha once yapilmis histolojik degerlendir-
mede, RME nin ¢ogunlukla yikici bir streg
gosterdigi bildirilmistir (9). Sutural bag doku-
sunun devamliligi bozulmus, bag dokusu
odemli ve kan damarlari veya damar disi do-
kulara kanama olusmustur. Bazi vakalarda su-
tural bag dokusunda ki buralarda kemik fazla
miktarda ayrilmstir, kist benzeri alanlar sekil-
lenir. Suturun bazi yerinde kemigin testere
seklindeki kirik kenarlari veya olgunlasmamis
kemik dokusunu olusturmaya bagslayan oste-
oblastlar vardir. Kemik kenarlarinda 4 giiniin
sonunda yeni trabekdller sekillenmeye baslar.
Kisa stire sonra, ince kemik uzantilari sutural
bag dokusu icine dogru biiyiir. Onceden var
olan premaksiller kemik icerisinde hakim
olan genis rezorbsiyon alanlari ile beraber re-
modelling oldukga hizlidir. Baglangicta tablo,
artmis oranda kemik rezorbsiyonun ile bag-
lantili akut enflamatuar degisikliklerden iba-
retti. Daha sonra dokularda fibroblastlarin
proliferasyonu, osteoblastlarin yigilmasi ile
tamir baglar ve olgulasmamis kemik dokusu
ile alanin yeniden yapilanmasi igin calisilir
9).

Bugtine kadar yapilmis histolojik (7-10) ve
sintigrafik (32) calismalarda ekspansiyonla
beraber hiperemi goézlenmis ve sonrasinda
kemik aktivasyonunda ve hiicre proliferasyo-
nunda artig gortlmastir. Yaptigimiz calisma-
da RME sirasinda ve retansiyon déneminde
midpalatal sutur bolgesindeki kan akimi LDF
metodu ile incelenmistir. Elde ettigimiz so-
nuclar, RME sonrasinda kan akimini gosteren
perfiizyon Unitesi degerinde belirgin bir artig
oldugunu gostermistir. Kan akiminda meyda-
na gelen bu artisin nedeninin RME sonrasi
meydana gelen yikim ve yapim olaylari oldu-
gunu distinmekteyiz.

Dokuda herhangi bir nedenle olusan hasa-
rin iyilesmesi genellikle 2 yontemle olur (33).
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process.

A histological examination shows a pre-
dominantly destructive process of RME (9).
The sutural connective tissue is disrupted
and edematous and blood vessels are enlar-
ged or have hemorrhaged into the extravas-
cular tissue. In some cases cyst-like areas
form within the sutural connective tissue
where bones are widely separated. Some
areas of suture contain what appear to be the
fractured ends of bony serrations or collecti-
ons of osteoblast laying down a form of im-
mature bony tissue. On bone margins new
trabeculae begin to form by the end of 4
days. A few long, thin bony extensions of
serrations grow out into the sutural connecti-
ve tissue. Remodeling within the pre-existing
premaxillary bone is extremely rapid, with
large areas of resorption predominating. The
picture at first is essentially one of acute inf-
lammatory changes associated with incre-
ased rates of bone resorption, the tissue then
undergoes repair with proliferation of fibrob-
lasts, accumulation of osteoblasts, and at-
tempted reconstruction of the area with im-
mature bony tissue (9).

Results of previous histological (7-10) and
scintigraphic (32) studies suggested that, ex-
pansion causes hyperemia and following the
separation, proliferation of fibroblasts and
new bone tissue occurred. In the present
study, blood flow around midpalatal suture
was observed with LDF at the end of expan-
sion and retention. The results introduce a
significant increase in blood flow after RME.
This is probably directly related with dest-
ructive and constructive activity that RME
causes.

Healing of an injured tissue usually takes
place in two ways (33). These are regenera-
tion and repair. Regeneration is defined as
the complete reconstitution of an injured tis-
sue or organ with consequent full restoration
of the original. Repair is defined as, replace-
ment by new structures (scar), with varying
degree of architectural distortion. During
RME, a mild injury occurs on the midpalatal
suture. Following injury, healing takes place.
This healing becomes as repair. This happens
with cell division in the focal fibroblasts and
formation of new collagen. At the end of the
expansion, repair is replaced with regenera-
tion. The record, taken at the end of retenti-




Bunlar rejenerasyon ve tamirdir. Rejeneras-
yon; zedelenmis, hasar gormis bir doku veya
organin tamamen orijinal halini alacak sekil-
de yeniden yapimidir. Tamir ise; zedelenmis
dokunun yeni yapilarla (scar) yer degiserek
yeniden yapilanmasi anlamina gelir. Rejene-
rasyonda doku orijinal halini alirken, tamirde
ise yapisal degisiklik s6z konusudur. RME sii-
recinde midpalatal suturda hafif diizeyde
hasar meydana gelir. Olusan hasar zamanla
yerini iyilesme stirecine birakir. Bu iyilesme
tamir seklinde meydana gelmektedir. Bu tamir
sutur bolgesindeki fibroblastalarin boliinerek
yuiksek miktarda kollojen olusturmasiyla mey-
dana gelir. Fakat genisletme bittigi anda
iyilesme streci rejenerasyon sekline doner.
Rejenerasyon dénemi 6 ay kadar stirebilmek-
tedir. Retansiyon déneminin 6, ayinda al-
digimiz 6lcimlerin (T3) baslangica oranla
(T1) az da olsa yuksek ¢ikmasi ¢alismamizda
rejenerasyonun hala sirdigini gostermek-
tedir. Arat ve ark. (32) yaptiklar sintigrafik
calismada kemik olusumu ve damarlanmayi
gosteren kemik aktivite indeksinde (BAl) RME
yi takiben % 40 lara varan bir artisin oldugu,
6 aylik retansiyon donemi sonunda hala ytik-
sek olmakla beraber RME 6ncesi degere yak-
lastigini bildirmislerdir. Calismamizda da
RME sonrasi alinan olctimlerde (T2) kan
akiminda oldukca fazla oranda artis bulun-
mustur. (T1: 40,63) (T2: 69.01) (p<0.05) Bu
artis enflamasyon ve takip eden hasar ve
tamir strecine bagli olarak bagli olusmustur.
Retansiyon siiresi sonunda ise baslangica
oranla kan akiminin hala az da olsa fazla ol-
mas! rejenerasyon sirecinin devam ettigini
gostermektedir.

SONUGC

Midpalatal sutur bolgesindeki kan akimin-
da RME ye bagl olarak bir artis gbzlenmistir.
Bu artis, bolgedeki enflamasyona, hicre
proliferasyonu ve yigilimina bagh olarak or-
taya c¢ikmaktadir. Calismamizin sonucuna
bagli olarak, bu bolgedeki tamir ve rejeneras-
yon gibi olaylarin kan akiminda degisime yol
actigini diisinmekteyiz. Retansiyon donemi
sonunda hala bir miktar fazla olsa da, kan
akimi hizi basglangic degerine yaklagmistir. Bu
sonuglar, 3 aylk retansiyon donemi sonunda
reorganizasyonun az da olsa devam ettigini
ortaya koymaktadir.

Bigakgi

on (T3) was still higher than the initial me-
asurement (TT). So we suggest that still some
regeneration is occurring at the end of reten-
tion period. Arat and co workers (32) in the-
ir scintigraphic studies showed that, bone
activity index (BAI) in midpalatal suture was
increased by 40% during RME and although
still higher when compared with initial, they
also notified a decrease in the retention peri-
od (32). In the present study we observed a
significant increase in blood flow at the end
of expansion (T1:40.63) (T2:69.01).This inc-
rease is probably due to the repair and rege-
neration process. The difference between
post- retention and initial measurements
shows that the regeneration is still continu-
ing at the end of 3 month retention.

CONCLUSION

An increase in blood flow was observed
in the midpalatal suture region due to RME.
This is probably related with inflammation,
fibroblast proliferation and osteoblast accu-
mulation. The events repair and regeneration
may result in an increase in blood flow. At
the end of retention, although still higher, the
blood flow was much closer to the original
value. This may imply that at the end of 3
month retention, reorganization in mid-
palatal suture is still continuing.

Tiirk Ortodonti Dergisi 2006,19:3-9



RME’de Sutural Kan Akimi Degisimi
Sutural Blood Flow Changes During RME

KAYNAKLAR/REFERENCES

1. Haas AJ. Rapid expansion of the maxillary dental arch
and nasal cavity by opening the mid palatal suture. Angle
Orthod 1961;31:73-90.

2. Haas AJ. The treatment of maxillary defiency by opening
mid palatal suture. Angle Orthod 1965;35:200-217.

3. Haas AJ. Palatal expansion: just beginning of dentofacial
orthopedics. Am J Orthod 1970;57:219-255.

4. Haas AJ. Long term posttreatment evaluation of rapid
palatal expansion. Angle Orthod 1980;50:189-217.

5. Ekstrom C, Henrikson CO, Jensen R. Mineralization in
the midpalatal suture after orthodontic expansion. Am J
Orthod 1977;71:449-455.

6. Melsen B. A histological study of the influence of sutural
morphology and skeletal maturation on rapid palatal
expansion in children. Trans Eur Orthod 1972;499-507.

7. Melsen B, Melsen F. The postnatal development of the
palatomaxillary region studied on human biopsy material.
Am J Orthod Dentofacial Orthop 1982;82:329-342.

8. Starnbach HK, Cleall JK. The effects of splitting the
midpalatal suture on the surrounding structures. Am )
Orthod 1964;50:923-924.

9. Storey A. Tissue responce to the movement of bones Am
J Orthod 1973;64:229-247.

10. Ten Cate AR, Freeman E, Dickinson JB. Sutural
development:structure and its response to rapid expansion.
Am ] Orhod 1977;71:622-636.

11. Bicakci AA, Agar U, Sokucu O, Babacan H, Doruk C.
Nasal airway changes due to rapid maxillary expansion
timing. Angle Orthod 2005;75:1-6.

12. Wertz RA. Skeletal and dental changes accompanying
rapid midpalatal suture opening. Am J Orthod 1970;58:41-
66.

13. Wertz RA, Dreskin M. Midpalatal suture opening: A
normative study. Am J Orthod 1977;71:367-381.

14. Basciftci FA, Mutlu N, Karaman Al, Malkoc S,
Kucukkolbasi H. Does the timing and method of rapid
maxillary expansion have an effect on the changes in nasal
dimensions? Angle Orthod 2002;72:118-123.

15. Usumez S, Iseri H, Orhan M, Basciftci FA. Effect of rapid
maxillary expansion on nocturnal enuresis. Angle Orthod
2003;73:532-538.

16. Ceylan I, Oktay H, Demirci M. The effect of rapid
maxillary expansion on conductive hearing loss. Angle
Orthod 1996;66:301-307.

17. Taspinar F, Ucuncu H, Bishara SE. Rapid maxillary
expansion and conductive hearing loss. Angle Orthod
2003;73:669-673.

Turkish Journal of Orthodontics 2006,19:3-9

18. Doruk C, Babacan H. Ortodontide Laser Doppler
Flowmetry. Tiirk Ortodonti Dergisi 2003;16:82-90.

19. Donos N, D’Aiuto F, Retzepi M, Tonetti M. Evaluation
of gingival blood flow by the use of laser Doppler
flowmetry following periodontal surgery. A pilot study. J
Periodont Res 2005;40:129-137.

20. Polat S, Er K, Polat NT. The lamp effect of laser doppler
flowmetry on teeth. ] Oral Reh 2005;32:844-848.

21. Oberg PA. Laser Doppler flowmetry. Crit Rev Biomed
Eng 1990;18:125-163.

22. Vongsavan N, Matthews B. Some aspects of the use of
laser Doppler flowmeters for recording tissue blood flow.
Exp Physiol 1993;78:1-14.

23. Svensson H, Pettersson H, Svedman P. Laser Doppler
Flowmetry and laser photometry for monitoring free flaps.
Scand J Plast Reconstr Surg 1985;19:245-249.

24. Yuen J, Feng Z. Monitoring free flaps using Laser
Doppler Flowmetry: five years experience. Plast Recontr
Surg 2001;105:55-61.

25. Firestone AR, Wheatly AM, Thuer UW. Measurement
of blood perfusion in the dental pulp with laser Doppler
flowmetry. Int ] Microcirc Clin Exp 1997;17: 298-304.

26. Gazelius B, Lindh-Stromberg U, Pettersson H, Oberg
PA. Laser Doppler technique-a future diagnostic tool for
tooth pulp vitality. Int Endod J 1993;26: 8-13.

27. Goodis HE, Winthrop V, White JM. Pulpal responses to
cooling tooth temperatures. ] Endod 2000;26: 263-267.

28. Matheny JL, Abrams H, Johnson DT, Roth Gl.
Microcirculatory  dynamics in  expiremental human
gingivitis. ] Clin Periodontol 1986;2:219-221.

29. Persson M, Thilander B. Palatal suture closure in man
from 15 to 35 years of age. Am ] Orthod 1977;72:45-52.

30. Timms DJ. Rapid maxilary expansion. Quintessence
Publishing .Co., Inc.,Chicago, lllinois, 1981.

31. Brin |, Hirshfield Z, Shanfeld JL, Davidovitch Z. Rapid
palatal expansion in cats: Effect of age on sutural cyclic
nucleotides. Am ] Orthod Dentofac Orthop 1981;79:162-
175.

32. Arat ZM, Gokalp H, Atasever T, Turkkahraman H.
99mTechnetium-labeled methylene diphosphonate uptake
in maxillary bone during and after rapid maxillary
expansion. Angle Orthod 2003;73:545-549.

33. Gilman T. On some aspects of collogen formation in
localized repair and in diffuse fibrotic reactions to injury. In
Gould B.: Treatise on collogen. 2. Part B, New York,
Academic Press, Inc. 1968;332-407.




