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Ortodontik dis hareketi, dokunun disari-
dan uygulanan mekanik stimulasyona olan
cevabidir. Yiiksek stres ve gerilimin daha faz-
la biyolojik reaksiyon yaratip yaratmadig ve
bunun sonucunda dis hareketini hizlandirip
hizlandirmadig, optimal bir kuvvet araliginin
bu islemi stimule edip edemeyecegi de net
olarak bilinmemektedir (1). Ortodonti ile ilgi-
li literattrler tarandiginda optimal kuvvetin
ne oldugu kesin olarak agiklanamamaktadir.
Literatiirlere bakildiginda bu konu ile ilgili
arastirmalar 2 déneme ayrilmaktadir. 1950-
1980 yillart arasinda maksimum dis hareketi-
ni saglayabilecek optimal kuvvetin bulunma-
si tizerine arastirmalar yapilmig, hafif ve agir
kuvvetler karstlastirllmistir. Begg (2)’ in diffe-
ransiyel kuvvet teorisi bu donemde ilgi odag!
olmustur. Fakat tiim bu yapilan caligmalar ke-
sin bir sonu¢ verememistir. 1981-2001 yillart
arasinda histolojik, biyolojik degisiklikler, dis
hareketinin degisik safhalarindaki kan dolasi-
mindaki degisiklikler, ilag etkilesimleri ve dis
hareketinin yan etkisi olan kok rezorpsiyon-
lart arastinlmistir. Bu donemde sadece birkag
calisma kuvvet-dis hareketi orani ile ilgilidir
ve bunlar da yine net sonuclar verememistir
(1).

Gegtigimiz 70 yil icerisinde optimum kuwv-
vet tamimi strekli olarak degisime ugramistir.
Schwarz 1932 (3)' de optimal kuvvetin klasik
tanimint yapmistir: Dokuda degisiklige neden
olabilecek kapiller kan basincindan kiiciik
veya esit olan kuvvet optimal kuvvettir.
Schwarz’ a gore optimal kuvvetin cok altinda
bulunan kuvvetler periodontal ligament igeri-
sinde herhangi bir reaksiyon olusturamamak-
tadir. Optimal kuvveti asan kuvvetler uygu-
landiginda ise doku nekrozu ve indirekt re-
zorpsiyon gorllmektedir. Bu durumda dig ha-
reketi indirekt rezorpsiyonun nekrotik doku-
yu ortadan kaldirmasina kadar gecen siire
boyunca ertelenecektir.

Schwarz’ in tanimi 1942’ de Oppenheim
(4) tarafindan biraz daha modifiye edilmis,
disi hareket ettirebilen en hafif kuvvet kavra-
mi ortaya konmustur. Reitan (5) 1967’ de ha-
fif kuvvetleri savunmus ve hafif kuvvetlerin
uygulandigr olgularin basing bolgelerinde
hyalinize alanlar gostermistir.

Gintimizde ise optimal kuvvetin tanimt
degismistir. Klinik agidan bakildiginda belli
bir siddet ve strekli, kesik, sabit, azalan gibi
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INTRODUCTION

Orthodontic tooth movement refers to the
response of the tissue to external mechanical
stimulation. It has not been made clear yet
whether high stress and strain generate more
biological reaction and therefore accelerate
tooth movement or not, or whether an opti-
mal range of force can stimulate this move-
ment or not (1). During the review of the lite-
rature on orthodontics, the researcher has not
found a clear-cut answer to the question of
what an optimal force is. Studies carried out
on this issue can be divided into two periods:
In the period between 1950 and 1980, rese-
arch focused on the optimal force that can
produce the maximum tooth movement; and
the effects of light and heavy force were com-
pared. Begg's (2) theory, of differential force
was the focus of attention in this period. Ho-
wever, all of these studies have not provided
a definite result. Between 1981-2001, rese-
arch was carried out into issues such as his-
tological and biologic changes, blood circu-
lation changes at different phases of tooth
movement, drug interaction, and root resorp-
tion, which is a side effect of tooth displace-
ment. Only a few studies in this period dealt
with the ratio of force-tooth movement and
they did not yield any neat results either (1).

In the past 70 years the definition of opti-
mum force has undergone several changes.
Schwarz (3) made the classic definition of op-
timal force in 1932: optimal force is defined
as the force which is below or equal to capil-
lary blood pressure that can cause changes in
tissues. According to Schwarz, forces far be-
low the optimal force cannot stimulate any
reaction in the periodontal ligament. Howe-
ver, when forces above optimal force are
applied, the result is tissue necrosis and root
resorption. In this case, tooth movement is
blocked until indirect resorption removes the
necrotic tissue.

Schwarz’s description of optimal force was
slightly modified by Oppenheim (4) in 1942;
Oppenheim suggested defining optimal force
as the minimal force that can generate tooth
movement. In 1967, Reitan (5) advocated
light force and displayed areas of hyalinizati-
on within the pressure zones where light for-
ces were applied.

Today, however, the definition of optimal
force has changed. In clinical studies, opti-
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belli bir uygulama stiresi olan, dokuya,hasta-
ya zarar (0zellikle alveoler kemik kaybi ve
kok rezorpsiyonu) veya rahatsizlik vermeden
maksimum dis hareketi saglayan kuvvete op-
timal kuvvet denilmektedir. Dis hareketi igin
tanimlanan optimal kuvvet, hastalar arasinda
degiskenlik gosterirken disler arasinda da
farklihklar gosterebilmektedir (6, 8). Histolo-
jik acidan bakildiginda dokunun vitalitesini
koruyarak periodontal ligament igerisinde
stres uygulayabilen, apozisyon ve rezorpsi-
yon ile ilgili yeterli hiicresel cevabi baglatabi-
len kuvvete optimal kuvvet denilmektedir (6).

Son vyillarda ortodontide tartismalar dig
hareketi ve uygulanan kuvvet buytkligine
yonelmistir (7, 8, 9, 26, 31). Ortodontik dis
hareketi terimi kullanildiginda disin sadece
gittigi mesafe degil bu mesafeyi ne kadar za-
man iginde aldigi da onemlidir. Bu ytizden
ortodontik dis hareketi yerine dis hareketi
orani teriminin kullanilmasi daha dogru ola-
caktir. Dis hareketi orani, saatlik, ginluk ve-
ya haftalik zaman dilimlerinde milimetre cin-
sinden hesaplanir. Bu ol¢umler yapildiginda
zaman diliminin daraltilmasi bize daha net
o6lciim sonuglari verecektir (Ornegin aylik 6l-
cumler yerine haftalik, haftalik 6lgiimler yeri-
ne gunluk, gunlik dlgimler yerine saatlik 6l-
¢iimlerin degerlendirilmesi). Eger olgimler
giinlik zaman diliminden daha kisa zaman
araliklarinda yapilmigsa ortalama gunlik dig
hareketi orani, toplam dis hareketi mesafesi-
nin deney siresi boyunca gegen giin sayisina
bolinmesi ile elde edilir. Fakat giinlik ol-
¢imler yapiimadig takdirde ki bu ¢cogu ¢alis-
mada karsimiza gikmaktadir, ortalama dis ha-
reketi orant kullanilmalidir. Bu sekilde ortala-
ma alinmasinin sonuglarin pek de hassas ol-
mamasina neden olabilecegi goz ardi edil-
memelidir (6).

Dis hareketinin baslangi¢ tazi, duraklama
fazi ve duraklama sonrasi faz olmak Gzere 3
tane fazt bulunmaktadir (10, 11). Cok hizli bir
dis hareketi ile karakterize olan baslangicg fa-
z1 birkag giin stirmektedir. Bu fazda kuvvet
uygulanan dis, periodontal ligament boslugu-
nun izin verdigi olgide ilk hareketini yap-
maktadir. Baslangig fazi daha sonra yerini
duraklama fazina birakacaktir. Bu fazda dis
hareket etmeyebilir veya cok az bir oranda
yer degisikligi gosterebilir. Asirt kuvvetlerin
neden oldugu hyalinize alanlarin indirekt re-
zorpsiyon ile elimine olmasi zaman alan bir
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mal force is used to refer to a force, which
has a certain magnitude as well as applicati-
on periods (such as continuous, intermittent,
stable, gradually decreasing), and which pro-
duces maximum tooth movement without
damaging tissues (especially alveolar bone
loss and root resorption) or discomforting pa-
tients. The optimal force for tooth movement
may show variations from patient to patient
and from tooth to tooth (6, 8). When exami-
ned from a histologic point of view, optimal
force is defined as a force which can apply
stress in the periodontal ligament without da-
maging the vitality of tissues and which can
stimulate satisfactory cellular response regar-
ding apposition and resorption (6).

Recently, the debate in orthodontics has
shifted to tooth movement and the magnitu-

de of force applied (7, 8, 9, 26, 31). The term

orthodontic tooth movement now refers not
only to the distance the tooth moves but also
to how long it takes to make that movement.
Therefore, it would be more appropriate to
use the term tooth movement rate instead of
orthodontic tooth movement. Tooth move-
ment rate is measured in millimetres at ho-
urly, daily or weekly intervals. The shorter the
interval, the more precise the measurement is
(for example, instead of monthly/weekly/da-
ily measurements, weekly/daily/hourly me-
asurements should be preferred respectively).
It measurements are made at intervals shorter
than a day, the average daily rate of tooth
movement is obtained via dividing the total
distance the tooth moves by the number of
days the experiment lasts. Yet, if daily measu-
rements are not made, which is the case in
many studies, the average tooth movement
rate should be used. Obtaining an average in
this way, however, may lead to results that
are not precise enough (6).

Tooth movement undergoes 3 phases: ini-
tial strain, lag phase and post-lag phases (10,
11). The initial phase that is characterised by
very fast tooth movement lasts a few days.
During this phase, the tooth that is exposed to
external force makes its first movement as
long as the periodontal ligament space al-
lows. The initial phase is followed by a lag
phase. During this phase, the tooth does not
move at all, or makes a very small move-
ment. Areas of hyalinization caused by ex-
cessive forces are eliminated by indirect re-
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islemdir, bu sirada gegen siire duraklama fa-
zidir. Bu indirekt rezorpsiyonda gorilen du-
raklama fazidir. Duraklama tazi indirekt re-
zorpsiyonda goruldigia gibi direkt rezorpsi-
yonda da gorulebilmektedir. Kompakt kemi-
gin daha kalin olan lamina durasi direkt re-
zorpsiyon ile rezorbe edildiginde de belli bir
zaman gecer ve bu sire zarfinda dis hareketi
cok az goruiur veya hig goriulmez (1, 6, 12).
Son faz olan duraklama sonrasi fazda dis ha-
reketi orani kademeli olarak veya aniden hiz-
lanmaktadir.

Van Leeuwen ve arkadaglari 1999 (13)’ da
kopekler tzerinde yaptiklan calisma sonu-
cunda bu sathalari 4’ e ¢ikartmislardir. Bunlar
baslangig, duraklama, ¢ikis ve dogrusal faz-
lardir. Burada duraklama sonrasi faz,cikis ve
dogrusal olarak iki safhaya bélinmiistar. in-
direkt rezorpsiyondan sonra rezorbe olmus
alana hamle yapan dis ¢ikis fazini olusturur-
ken devaminda gelisen dis hareketi dogrusal
fazi olusturur.

Dis hareketinin olusmasi hiicresel cevap
aracihigi ile gerceklesir ve bu cevabin siresi
ve siddeti apareyin aktivasyonu ile dokuda
olusan lokal stres ve gerilim tarafindan belir-
lenmektedir. Piezo elektrigin ortaya ¢ikmasi-
ni saglayan, kan akimindaki degisiklikler ile
hiicre membrani araciligindaki metabolik ce-
vaplari stimile eden ve kimyasal rezorpsiyon
ajanlarinin tretimini ve salimmini gercekles-
tiren de bu lokal stres ve gerilim olaylaridir.
Bu olaylar, periodontal yapilarin yeniden se-
killenmelerini ve dis hareketinin gercekles-
mesini saglamaktadirlar. Dis hareketi meka-
niginin daha da gelistirilebilmesi igin
stres/gerilim konseptinin ¢ok iyi anlasiimasi
gereklidir (14).

Kuvvet Siddeti ve Stres/Gerilim

Normal sartlar altinda kuvvetin biyikli-
gu popdler bir kavram olup kolayca anlasila-
bilir ve gram cinsinden o6l¢ilebilir bir deger-
dir. Ortodontik aygit uygulamasi ile elde edi-
len kuvvetlerin tarifi ise zordur.

Dis hareketi Gzerine yapilan ¢alismalarda
iki tip kuvvet-oran iliskisi caligilmistir. Bunlar-
dan birisi kuvvet bayukligi ve dis hareketi
orani,digeri ise periodontal ligament icerisin-
deki stres-gerilim dagiliminin incelenmesidir
(5, 6,15, 16, 17). Dis hareketinde gergek me-
kanik parametre, uygulanan kuvvetin biyiik-
lGgi olmayip apareyin periodonsiyumda
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sorption; this elimination process takes quite
a while; this is the lag phase, which is obser-
ved during indirect resorption. This static
phase can also be seen during the direct re-
sorption. The resorption of the relatively thic-
ker lamina of the compact bone by direct re-
sorption takes some time; during this time a
very small tooth movement or no displace-
ment can be observed (1, 6, 12). During the
last phase, post-lag phase, gradual or abrupt
increases in tooth movement rate can be seen.

Based on the tindings of their study on
dogs carried out in 1999, van Leeuwen et al
(13) stated that there were 4 of these phases.
These were initial, arrest, start and linear pha-
ses. Post-lag phase was divided into two pha-
ses, namely start and linear. During the start
phase, a tooth moves tqward the resorbed
area following indirect resorption; and finally
tooth movement observed aiter this phase
makes the final linear phase.

Tooth movement is a consequence of cel-
lular response; the time-span and magnitude
of this response is determined by the local
stress and strain observed in tissue as a result
of appliance activation. It is these local stress
and strain occurrences which produce piezo-
electricity, stimulate changes in blood circu-
lation and metabolic responses via cell
membrane, and help the production and
emission of chemical resorption agents.
Stress and strain help the reshaping of peri-
odontal structures and enable tooth move-
ment. In order to further improve the mecha-
nics of tooth movement, the stress/strain con-
cept must be clarified (14).

Magnitude of Force and Stress/Strain

Under normal conditions, magnitude of
force is a value that can easily be understood
and measured in gram. However, defining
forces obtained through the use of orthodon-
tic appliances is not easy.

Two types of force-rate relation have been
studied concerning tooth movement. One of
these is the magnitude of force and tooth mo-
vement rate; the other is the study of stress-
strain distribution within periodontal liga-
ment (5, 6, 15, 16, 17). The real mechanical
parameter in tooth movement is not the mag-
nitude of exerted force but the magnitude of
stress in the periodontium created by the
appliance (14). In such studies, measure-
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olusturdugu stresin baytklagidir (14). Bu tip
calismalarda stres-gerilim dagiliminin o6lgtl-
mesi tercih edilmelidir. Stres, belli alan tzeri-
ne gelen kuvvet olarak tanimlanmaktadir
(g/cm_). Gerilim ise stres sonucu dokuda olu-
san deformasyonu tanimlamaktadir. Dis dev-
rildigi zaman stresin periodonsiyum {zerin-
deki dagilimi esit olmamaktadir (18). Servikal
ve apikal ligamentlerin tcte birlik bolimin-
de yiiksek stres olusurken orta bélgede daha
diistik stres gortilmektedir. Apareylerin kuv-
vetleri diren¢ merkezinden gececek sekilde
uygulandiginda stres dagilimi daha homojen
bir bigimde gerceklesmektedir. Bu durumda,
uygulanan kuvvet ayni miktarda olsa bile
kuvvet dagiliminda M/K oranindaki farklilik-
tan dolay! degisik dis hareketleri ortaya ¢ik-
maktadir (6). Bu uygulanan kuvvetin, sistem-
de yaratacag rotasyon merkezinin hesaplan-
masi in vivo olarak mimkin olmamaktadir.
Ancak laboratuvarda fotoelastik modeller
(19) ve halografik interferometri (20) ya da
sonlu eleman analizi gibi matematiksel mo-
dellerden daha gercege yakin 6l¢tim sonug-
lari verebilecek alternatif modeller bulunana
kadar bu yoéntemlerin kullamilmasi uygun
olacaktir.

Stres ve Hareket iliskisinin Hipotezi

Bir dise uygulanan kuvvetin meydana ge-
tirdigi stres ve olusacak olan dis hareketine
ait dort model vardir (14). ilk modele (Resim
1) baktigimizda hareket orani ve stres arasin-
da sabit bir iliski bulunmaktadir. Stres artma-
dikca dis hareketi orani da artmamaktadir.
Kuvvet belli bir seviyeye geldiginde de daha
fazla arttirilsa bile dig hareketi oraninda her-
hangi bir degisiklik gorulmemektedir (14,
21). Owman-Moll ve arkadaslari (22) insan
premolar dislerinde yaptiklari devrilme hare-
keti calismasi sonucunda 50 ve 100 cN ara-
sinda herhangi bir fark bulamamiglardir. Iwa-
saki ve arkadaslar (23) 18 ¢N’ lik diistik kuv-
vetler ile yeterli efektif dis hareketinin sagla-
nabilecegini, 60 cN’ lik agir kuvvetlerle ise
daha hizl dig hareketinin olmadigini goster-
mislerdir. Hayvan calismalarina bakildiginda,
degisik kuvvetler arasinda ¢ok fazla bir fark
gozlenememistir (10, 13, 24, 25). Bu da bize
hafif kuvvetlerin dokularda yiiksek biyolojik
cevaplar olusturabildigini géstermektedir.

Ikinci modeli (Resim 2) inceledigimizde
belli bir esik seviyesi gortilmektedir. Bu esigi
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ment of stress-strain distribution should be
preferred. While stress is defined as the force
exerted on a certain area (gr/cm 2=square),
strain refers to deformation in tissues as a re-
sult of stress. During tipping of a tooth, stress
is not distributed equally on the periodonti-
um (18). While high stress is seen in one third
of the cervical and apical ligaments, lower
stress is observed in mid areas. The stress
distribution is more homogeneous when the
appliance forces act through the centre of re-
sistance. In this case, even if the magnitude of
exerted force remains the same, variations in
tooth movement are observed due to the dif-
ferences in the M/F ratio of force distribution
(6). Measurement of the rotation centre ca-
used by the exerted force is not possible in vi-
vo. However, it would be suitable to use the-
se methods until alternative models are deve-
loped; alternative models that will yield mo-
re realistic values than photo elastic models
in laboratories (19) and holographic interfe-
rometer (20) or mathematical models (such
as finite element analysis).

Stress and Movement Relation Hypothesis

4 models have been developed in order to
explain stress caused by an exerted force on
a tooth and the resulting tooth movement
(14). In the first model (figure 1) a static rela-
tion between movement rate and stress can
be seen. The tooth movement rate does not
increase as long as stress remains unchanged.
When the exerted force reaches a certain le-
vel, the tooth movement rate levels off and
does not change even if the exerted force is
further increased (14, 21). Owman-Moll et al.
(22) did not observe any differences between
50 and 100 cN during their tipping study on
human premolars. Iwasaki et al. (23) showed
that a satisfactory effective tooth movement
can be activated by light torces of 18 cN and
that heavy forces of 60 cN did not cause any
increase in tooth movement rate. Similarly,
studies on animals did not reveal any big dii-
ferences between light and heavy forces (10,
13, 24, 25). This proves that light forces can
activate high biological responses in tissues.

In the second model (figure 2), a certain
threshold is observed. When forces exce-
eding this threshold are applied, a proportion
is seen between the exerted force and the re-
sulting tooth movement. Some researchers



asan kuvvetler uygulandiginda, uygulanan

kuvvet ile olusan dis hareketi arasinda dogru

oranti izlenir. Baz arastinicilar agir kuvvetle-
rin dis hareketini arttirdigini savunmakta ve

bu modeli desteklemektedirler (26-30).
Ugiincii model (Resim 3) Smith ve Storey

(31) tarafindan dusunulmagtir. Uygulanan
kuvvet belli bir miktara ulasana kadar kuvvet
ve hareket arasinda dogru orantili bir iliski iz-
lenirken, arttinildiginda 6nce bir plato olusa-
cak, daha sonra yine arttirildiginda ise hare-
ket azalmaya baslayacaktir. Yani optimal di-
zeye erisen hareket, daha fazla stresle karsi-
lastiginda dig hareketi yavaslamaya baslaya-
caktir. Bu model Begg’ in (2) teorisini destek-
lemektedir. Ctinki Begg' e gore disiik kuv-
vetlerle bosluk kapatiimalidir, agir kuvvetler-
le ise ankraj saglanmalidir. Bu modeli destek-
leyen bagka galismalarda vardir (26, 32-35).
Bu galigmalarda sinirlt kuvvet araligr icerisin-
de maksimum kanin dis hareketi gosterilirken
bu kuvvet araliginin altinda bulunan kuvvet-
lerde herhangi bir dig hareketi izlenmemisgtir.
Storey ve Smith” e gore bu araligin Gtesinde
bir kuvvet uygulandiginda dis hareketi yavas-
layacak ve en sonunda tamamen duracaktir.
Fakat biyolojik agidan bakildiginda asiri kuv-
vetler hicre yenilenmesini veya differansi-
yasyonunu yavaslatir. Bu da dokuda hyalini-
zasyona neden olur. Bu iki islem de dis hare-
ketini engeller ve hicre-matriks interaksiyo-
nunu etkiler.

Son model (Resim 4) 3. modelle hemen
hemen aynidir sadece sondaki azalan hare-
ket kismi yoktur. Hixon (28), Boester (36) ve
Berg (37) gibi arastiricilar bu son modele ait
verileri desteklemektedirler. Bu arastiricilar
belli bir kuvvetten sonra dis hareketinde bir
artigla karstlagmamustir. King ve arkadaslari-
nin (38) yaptigr hayvan galismast da bu mo-
deli desteklemektedir.

Gerek 1980 6ncesinde, gerekse son yillar-
da kuvvet-dis hareketi oranini aragtiran bu
caligmalarda kesin sonuglara varilamamasi-
nin en 6nemli sebebi optimum kuvvetin be-
lirlenmesinde karstlagilan birgok zorluk ol-
masidir. Bunlar:

1. Periodontal ligament bélgesindeki stres ve
gerilim dagiliminin kesin ve net olarak 6l-
cilememesidir. Birgok calisma uygulanan
kuvvetin buyukligu ve dis hareketi orani-
nt 6lgmektedir (11, 22, 27-30, 39-42). Fa-
kat uygulanan kuvvet sonucunda disin

istk, Capan, Sayinsu, Ann

argue that heavy forces increase tooth move-
ment rate and advocate this model (26-30).

The third model (figure 3) has been deve-
loped by Smith and Storey (31). In this model,
a proportional relation between force and
movement is observed until the exerted force
reaches a certain threshold; and when the
force is increased, a plateau appears (where
movement levels oft), if force is further incre-
ased tooth movement begins to slow down.
In other words, after movement reaches an
optimal rate, tooth movement slows down
even if it is exposed to higher rates of stress.
This mode! supports Begg's (2) theory. Begg
argues that extraction spaces should be clo-
sed by using light forces, while heavy forces
should be applied for anchorage. Other stu-
dies also support this model (26, 32-35). The-
se studies show that while maximum canine
tooth movement is observed within a limited
range of force values, no tooth movement
was seen when forces below these values
were applied. Smith and Storey argue that
when a force above this range is exerted, to-
oth movement will slow and finally come to
a full stop. However, when viewed biologi-
cally, excessive forces slow down the rene-
wal or difterentiation of cells. And this leads
to hyalinization in tissues. These two proces-
ses hinder tooth movement and influence
cell-matrix interaction.

The last model (figure 4) is almost the sa-
me as the third one, the only difference being
the final stage where the movement rate dec-
reases. Findings of researchers such as Hixon
(28), Boester (36) and Berg (37) support data
yielded by this last model. They did not ob-
serve any increase in tooth movement rate
beyond a certain level of force. The studies
by King et al. on animals also support this
model.

Studies carried out before and after 1980,
on force-tooth movement rate have not yiel-
ded any definite results; the most important
reason for this is the difficulties met in defi-
ning the optimum force. These difficulties are:
1. Stress and strain distribution in periodontal

ligament can not be measured precisely.

Many studies focus on measuring the

magnitude of an exerted force and the to-

oth movement rate (11, 22, 27-30, 39-42).

However, measurement of stress and stra-

in distribution in the periodontal structure
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periodontal yapisinda olusan stres ve ge-
rilim dagiliminin dlgilebilmesi uygulanan
kuvvet miktarindan ¢ok daha 6nemlidir.
Bugtin bu parametrelerin net olarak 6l¢-
lebilmesi imkansizdir (6).

2. Birgok arastirmada deney siiresi boyunca
olusan dis hareketi kontrol altinda tutula-
mamistir. Arastirmalarin ¢ogunda trans-
lasyon hareketi yerine devrilme hareketi
olusmustur ki bu da stres-gerilimin peri-
odontal ligament bolgesinde esit olarak
dagiimadigina isaret eder. Disin rotasyon
merkezinin belirlenmesi oldukca giictur.
Hareket sirasinda disin yer degistirmesi ile
rotasyon merkezi de devamli yer degistir-
mektedir (18). Bu yiizden deney siiresi
boyunca disin rotasyon merkezi sabit kal-
mamaktadir. Dis hareketi ile ilgili arastir-
malarda disin direng merkezi yerine daha
cok kronlari Gzerinde 6lglimler yapilmis-
tir. Devrilme hareketinde eger 6l¢umi
kron Uzerinden yaparsak bu sefer olusan
hareket oldugundan ¢ok fazla gikacaktir.
Bu ylizden devrilme hareketi ile yapilan
dis hareketi aragtirmalarinin sonucunu di-
ger arastirmalar ile karsilastirmak ¢ok zor
olmakla beraber anlamli da degildir.

3. Dis hareketi lizerine yapilan arastirmalarin
¢ogunda deney suresi ¢ok kisa tutulmus-
tur. Dis hareketinin ilk iki safhasi arastiri-
lirken esas dis hareketinin olusacagi du-
raklama sonrasi faz deney siresinin kisa-
ligindan dolayr aragtirma kapsami icine
alinmamaktadir. Dis hareketinin Burstone
(1) un tanimladigi gibi baslangi¢, durak-
lama ve duraklama sonrasi fazlar gibi
farkli safhalara bolinmesinin dogru olup
olmadig da tartisiimistir. Dis hareketinin
degisik safhalarinda periodontal ligament
ve kemikte olusan yapisal degisiklikler bi-
yokimyasal degisikliklere yol acmaktadir
ve bunun sonucunda lokal stres ve geri-
lim dagilimi degisecektir (18). Bilindigi gi-
bi dis hareketinin baglangi¢ fazinda hare-
ket olusur ve daha sonra duraklama ta-
zina gegildiginde bu hareket durur veya
cok yavas ilerler. Eger dise agir bir kuvvet
uygulanmissa dis,periodontal ligamentin
izin verdigi olglide hareket edebilecektir.
Yani burada periodontal araliginin kalin-
ligr cok buyik bir rol oynamaktadir. Ayni
aralikta hafif kuvvet uygulandigi takdirde
bu mesafe daha yavas katedilecektir. Hafif
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of the tooth generated by exerted forces is
much more important than measuring the
magnitude of the force. Today, it is not yet
possible to make a precise measurement
of these parameters (6).

n many of the studies, tooth movement
has not been controlled throughout the
experiment. In these studies, instead of
translation movement, tipping movement
was observed, which indicates that stress-
strain in the periodontal ligament is not
equally distributed. It is considerably dif-
ficult to locate the tooth rotation centre.
During movement, tooth displacement
causes the centre of rotation to change
(18). That is why; the tooth rotation cent-
re does not remain fixed during experi-
ment. In studies on tooth movement, to-
oth crown movements were measured
rather than tooth resistance centre. If we
make measurements on tooth crowns du-
ring tipping movement, this time the re-
sulting movement values will be much
higher than they really are. Therefore, it is
both difficult and pointless to compare
the results of tooth displacement studies
based on measurements of tipping move-
ment with those of other studies.

3. In many studies on tooth movement the

experiment period was very short. While
studying tooth movement in the first two
phases, the post-lag phase, during which
the substantial tooth movement takes pla-
ce, was not covered in the studies beca-
use of the short length of experiment.
There has also been some controversy on
the division of tooth movement into three
different phases such as initial, lag and
post-lag as suggested by Burstone (1). Du-
ring different phases of tooth movement,
structural changes in the periodontal liga-
ment and bone come out; and they lead
to biochemical changes, which result in
variations in the local stress and strain
distribution (18). As is known, displace-
ments are seen in the initial phase of to-
oth movements; later, during the lag pha-
se movement stops or progresses very
slowly. If a heavy force is exerted, the to-
oth will move as much as the periodontal
ligament permits. The width of the peri-
odontal space plays a crucial role here. If
light force is applied to the same interval,
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kuvvetler ve agir kuvvetler 2-3 giinliik bir

stire boyunca karsilastinidigi takdirde saf

dis hareketi arasinda herhangi bir fark

gozlenmemektedir (6).

4. Hem hayvan hem de insan calismalarinda
denekler arasindaki biyolojik farkliliklar
arastirmalarin sonucunu etkilemektedir.
Her ne kadar standardize, sabit ve esit
kuvvetler uygulanmaya calisilsa da
deneklerin kendi iclerinde bile farkhliklar
gozlenmektedir. Hicresel aktivitedeki
degisiklikler, periodontal ligament ve al-
veol kemiginin yapisal degisiklikleri (43),
blytme faktorleri ve sitokinlerin (44) sal-
gilanma oranlarindaki degisiklikler gibi
bircok  varyasyonlar  optimal  dis
hareketinin net olarak belirlenebilmesini
engellemektedir.

Dise gelen kuvvetleri veya periodontal
ligament igindeki stresi, olusan doku cevabi
ile beraber inceleyen histolojik calismalar
optimal kuvvetin belirlenmesinde énemli rol
oynamaktadir. insan materyalinin incelen-
mesinde karsilagilan zorluklar bu tip his-
tolojik ¢ahsmalari sinirlandirmaktadir. Diger
taraftan diste ve kemikte veya hastanin semp-
tomlarinda meydana gelen degisiklikleri
klinik agidan ortodontistin degerlendirmesi
sinirli olmasina ragmen, ¢ok iyi yapilmis olan
klinik degerlendirmelerin optimal kuvvetin
belirlenmesinde yardimci olmayacagi an-
lamina gelmez. Agrinin olmamasi, minimal
mobilitenin goriimesi ve aparey yerlestiril-
mesinden sonra duraklama tazinin olus-
mamasi peridontal ligamentte arzu edilen
stresin uygulandigimi gosteren klinik veriler-
dir. Optimal kuvvetin gostergesi olarak dis
hareketi oraninin tek basina kullamimasi
sakincali olabilir. Hem agir hem de hafif
strekli kuvvetlerin disi hizli bir sekilde
hareket ettirebilmesinden dolayi, dislerin or-
todontik kuvvet ile hizli hareket ediyor ol-
masi uygulanan kuvvetin optimal kuvvet ol-
masi anlamina gelmez. Optimal kuvvetin
tabiatinin daha iyi anlasiimasi icin uzun
donem histolojik ve klinik ¢alismalarin yapil-
masi gerekmektedir.

SONUC

Dis hareketinin biyomekanigi ile ilgili
yapilan c¢alismalar Gmit verici olmakla
beraber, biyolojik bir olayin matematiksel
formullerle tanimlanmasi risklidir; ¢inki
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the tooth will take longer to move to the

desired position. When the effects of light

and heavy forces are compared for the
first 2-3 days, no differences between to-

oth displacements are observed (6).

4. The biological differences between sub-
jects influence the results of studies carri-
ed out on both humans and animals. No
matter how standardised, invariant and
equal the applied forces are, changes can
be observed among even subjects them-
selves. Among the many variations that
hinder the precise measurement of op-
timal tooth movement are differences in
cell activity, the structural changes of
periodontal ligament and alveolar bone
(43), factors related to growing up, and
the variations in the _emission rates of
cytokines (44).

Histologic studies, which investigate ex-
ternal forces on a tooth or stress within the
periodontal ligament together with the resul-
ting tissue response, play an important role in
measuring optimal force. Such histologic
studies are limited due to the difficulties en-
countered when working on human material.
However, this does not mean that careful
clinical evaluations do not help in defining
the optimal force although the clinical
evaluations of the orthodontist regarding the
changes observed in tooth, bone or the
symptoms of the patients may be very
limited. The clinical indications that show
the desired level of stress has been applied to
the periodontal ligament are, minimal
mobility, no experience of pain or of lag
phase aiter the placement of appliance.
Using tooth movement rate as an indicator of
optimal force may be misleading. Because
both light and heavy continuous forces can
cause fast tooth movement, the fact that teeth
move fast when an orthodontic force is exer-
ted does not prove that the force exerted is an
optimal one. In order to better understand the
nature of optimal force, long term histologic
and clinical studies should be carried out.

CONCLUSION

Although studies conducted on the bio-
mechanics of tooth movement are promising,
it is risky to describe a biological
phenomenon with mathematical formulae
because simple mathematical definitions of
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yiiksek dinamige sahip, farkli canli yapilarin
ve reaksiyonlarin basit matematiksel tanim-
lamalari yanhs bilgiler de verebilir. Canli var-
liklara ait degerlendirmeler bu yiizden her
zaman biyokimyasal, histolojik ve klinik
veriler ile beraber sunulmali ve degerlendiril-
melidir. Bu tarz multidisipliner yaklasim-
lar,kuvvet sistemi ve dis hareketi gibi or-
todontik problemlerin ¢éziilmesinde buyik
rol oynayacaktir.

different and highly dynamic living structures
and reactions may be misleading. For this
very reason evaluations regarding living
structures must always be presented and
evaluated with the help of biochemical, his-
tologic and clinical data. Such multi-discip-
linary approaches will play a vital role in
explaining orthodontic problems such as for-
ce systems and tooth movement.
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