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MEPIAHVH

Zkonos tns napoucas epyacias €ival va yivel pia
BiBMoypagikn avaokénnon twv anéyswv nou ago-
pouUv 10 kévipo avtiotaons vos dovuou h pias opddas
Sovuwv. O1 andyeis twv ouyypaPéwv yia tnv akpiBn
B¢on tou eivar ouxvd diaopetikés. Ltnv epyacia auth
napouaidzovtal apxikd o1 Kupies péBodor mou xpnai-
pornoloUvtal yia tov NPocdIopIopd Tou Kol otn OUvé-
X€la yivetal avapopd ous peNETes kal ota anoteféopa-
14 Tous.

To kévipo avtiotacns twv povoppizwv dovumv Bpi-
oketal avapeoa oto 33-42% tou phKous tns pizas 6tav
n pétpnon yivetal and tn gawviakh akpolo@ia. Mnopei
va petaBAnBei avdnoya pe 1o pAKOS TNs pizas tou
dovuou, tn dievbuvon twv epappozépsvwy duvdue-
wv, tnv nocdtnta tou nepIBAnovios ootou Kai thv
nfikia evay undpxouv evoeiels 6u ennpedzetal anoé tn
pop@onoyia tou 6ovuou, to €idos tou nepiodovukou
ouvdéapou, tv noidinta tou nepiBannovios ootou,
v 1oukn aviidpaon ous ackoUpeves duvdapels, v
€QUYPAVON TV NAPAKEIPEVWV 0OTKOV SOUMV Kal thv
afovikn kdion tou 6ovuou.

To kévipo avtiotaons pias opddas dovumv Sapépel
avandoya pe tov apiBuod wwv dovuwyv. O1 NEPIoCOTEPES
€PEUVES EXOUV YiVEl yia Tous Avw TOWEiS Kal Tous avw
npoaBious Yndpxouv 6pws coBapés drapuwvies yia tn
Béon tou kévipou avtiotaons 1600 KATd Thv unEpWIa
petakivnon 600 ka1 katd tnv pBubion. EmnAéov o1
YVMOEIS pas yia tous Napdyovies Mou ENNPEAZOUV TN
Béon tou kévipou avtiotaons opddwv dovuwv eiva
nonU nepiopiopéves iows eneidn o1 NAPAyovies autoi
givar duokono va petpnBolv oe opddes Hovumv.
Opiopévor duws tponol Bspansias otnpizovial Bswpn-
UKA Otn yvdon TtoU KEVIPOU avtiotacns opdadwv
Hovuwv. Eneidn o opBodovukods dev Bepanever kévipa
avtiotaons alid acBeveis bev Ba npénel va anoppintel
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ABSTRACT

The aim of this study is to review the literature on
what concerns the center of resistance of one tooth or
a group of teeth. Authors’ views about the center’s
exact location often differ. This study presents the
main methods used for determining the center of
resistance; relevant studies and their results are also
reported.

The center of resistance of single-rooted teeth is
found at a point located at a distance of 33-42% of
the root length, when measured from the alveolar
crest. Its location may change depending on root
length, direction of applied forces, quantity of
surrounding bone and age; there are indications that
its location is also affected by tooth morphology, type
of periodontal ligament, quality of surrounding bone,
tissue response to forces applied, degree of humidity
of neighboring osseous structures and tooth axial
inclination.

The center of resistance of a group of teeth differs
depending on the number of teeth. Most research
studies concern upper incisors and upper anterior
teeth. However, there are conflicting views about the
center’s location during palatal movement and
intrusion. Furthermore, our knowledge concerning
the factors affecting the center of resistance of a
group of teeth is limited; this may be due to the fact
that these factors cannot be easily measured when a
tooth group is involved. Nevertheless, an orthodontist
treats patients rather than centers of resistance and
methods successfully tested in clinical practice should
not be rejected, even if they might be based on
theoretical centers of resistance.

Key words: Palatal tooth movement, dental intrusion,
center of resistance, orthodontic movement.
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autés us peBodous otav pdniota sivar dokipacuéves
otnv kaBnpepivh kAvikn Npagn.

Né€ars knad1d: Ynepwia petakivnon twv dovuwy,
euBUBIoN twv dovuwy, kévipo avtictacns, opBodovu-
Kh petakivnon.
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EIXArQrH

Apketd efelBepa ohpata cupnepipépovial oav n paza
T0US va ival ouykevipwpévn o€ éva onpeio. Edv n.x. éva
€NelBepo owpa Bpioketn oto didoinpa ko aoknBei
€Ndvw tou pia dUvapn o éva CUYKEKPIYEVO onpgio TOTE
ona ta onpeia tou ompatos Ba daypdyouv pia napdn-
AnAn tpoxid. To onpeio autd ovopdzetal kévipo tns
pdzas. To d6vu opws dev oupnepipépetal oav eAelBepo
owpa agou n kivnon tou nepiopizetal and tov neprodo-
vuké oUvdeopo kal to Qawviakd ootd. To aviiotoixo
onpeio pe To Kévipo pdzas evos eNelBepou opatos ivai
10 Kévipo avtiotaons tou dovuou. Enopévws 10 KEVIpo
avtiotaons gival 10 onpsio oto onoio uYnopei va cupnu-
kvwOei n avtiotaon tou dovuou og pia kivnon 1 pe dAfa
A6y1a 1o onpeio tou dovuou and to onoio 6tav pia duva-
pn 61éA0s1 Ba npokanéosr napdAAnAn petakivnon tou
Hovuod.

01 duvdpeis nou Siépxovial oe andéatacn anod 10 KEVIPO
avtiotaons npokafoUv emniéov pia ponh n onoia teivel
va nepiotpéyel 1o 6évu. To péyebos tns ponns egaptdtan
anod 1o péyebos tns duvapns kar tnv andotacn tou avu-
opatos ts duvapns anéd to kévipo avtiotaons tou dovu-
ou (Proffit kan Fields, 2000).

01 6uvdpeis nou epappdzel o opbodovuikds cuvhBws dev
Hiépxoviar and to kévipo avtictaons twv dovumv (Nanda
kan Kuhlberg, 1997). Enopévws Ba undpxouv ponés ol
onoies Ba ennpedzouv ka1 Ba kaBopizouv tnv kivhon tou
bovuou. Otav o opBodovukds yvwpizel 10 kévipo avti-
otaons tou dovuou pnopsi va unofoyicel auth th poni h
kanUtepa to Adyo ponn / duvaun yia kdBe kivnon tou
Hovuou kar va enéygel enopévws v Kivnon tou dovuou
(Halazonetis, 1996; Yoshida ka1 ouv., 2001a). Edv BéAs
n.x. va emwixel napdninAn petakivnon tou dovuou Ba
NPENEl VO EVOWATWMOEl 0T0 oUotnpa pia avtiBetn ponn n
onoia va e§oubetepivel TNV NPWIN h va epapudoel pia
6Uvapn nou va nepvdsl and 1o Kévipo avtiotaons tou
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INTRODUCTION

Several free bodies behave as if their mass is concentrated
at a single point. If, e.g., a free body is found in space and
a force is applied at a specific point on it, then all body
points will follow the same course. This point is called the
mass center. However, the tooth does not behave like a
free body, since the periodontal ligament and the
alveolar bone restrict its movement. The point that
corresponds to the mass center of a free body is the
center of resistance of the tooth. The center of resistance
is, therefore, the point where tooth resistance to a
movement may be concentrated; in other words, when a
force is applied through this point, tooth translation
ensues.

Forces applied at a distance from the CR also create a
moment that tends to rotate the tooth. Moment
magnitude depends on force magnitude and on the
distance of the force vector from the CR (Proffit and
Fields, 2000).

Forces applied by the orthodontist do not usually pass
through the CR (Nanda and Kuhlberg, 1997).
Consequently, moments that affect and determine tooth
movement do exist. When the orthodontist knows the
location of a tooth’s CR, this moment or, even better, the
moment / force ratio for every tooth movement may be
calculated; thus, tooth movement may be controlled
(Halazonetis, 1996; Yoshida et al.,, 2001a). If, e.g., tooth
translation is to be achieved, then an opposite moment
counteracting the first one or a force applied through the
center of resistance should be incorporated into the
system. When the moment to force ratio is between 1
and 7, the type of tooth movement is controlled tipping;
when the ratio is between 8 and 10, then tooth
translation is achieved; if the ratio is higher than 10, root
movement (torque) is observed (Proffit and Fields, 2000).

METHODS OF DETERMINING THE CENTER OF
RESISTANCE

Many methods have been used in order to determine the

center of resistance of a tooth. Several researchers
applied mathematical or physical models, as well as finite
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Sovuou. Otav o Adyos tns ponns NPos NV EQapUOzOpE-
vn &uvapn Bpioketan petagu 1 ko 7 0 TUNos tns  petaKi-
vnons tou dovuou nou emtuyxdvetal sival eAgyxopevn
anokon, petafu 8 ka1 10 napdAAnAn petakivnon evom
otav sivan peyanutepos and 10 napatnpeital petakivnon
wns pizas (torque) (Proffit kan Fields, 2000).

ME©GOAOI KAGOPIZMOY TOY KENTPOY ANTIZTAZH:

Ma tov kaBopiopod tou Kévipou avtictacns tou dovuou
xpnoiponoinBnkav noAfoi tponol. Opicuévol epeuvniés
epdppooav pabnuatkd h Quaikad poviéna kabws kal
poviéna nenepacpévwv otoixsiwv (finite element
models). Ta nepioodtepa poviéda Opws htav anfonoin-
péva ka1 Sev NPooéyyizav 1KAvonoiNTIKA Tous npaypat-
KOUS avatopikoUs napdyovies nou emxeipouoav va €6o-
poiwoouv (Yoshida kar ouv., 2001a). H avdduon twv
nenepaouévwy otoixeiwv npolnobétel tn yvwon tou
Adyou Poisson o onoios e§aptatal and to pérpo edacu-
kéwntas. A§iomaotes Opws UES yia To PEtpo eAaoukdtntas
dev eivar duvatdv va eaxBouv and tn pefétn twv pnxa-
VIK®V 1610tntwv v utikov Adyw ts peydans enidpaons
0U 10TopIkKOU @dpuons, tns Hiadikacias dnpioupyias
Sokipiov ka1 twv ouvBnkdv dokipacias ous 1616TNTES
ka®' autés (Fung, 1993. Avagépetar and tous Gioka C,
Eliades T. Orthodontic dental intrusion: indications,
histological changes, biomechanical principles, possible
side effects. Hell Orthod Rev 2003:6:129-46). H avdiuon
nenepacpévwv atoixeinv npounoBétel éu ta ufikd sivan
100tpona dnAadn n aviibpaon tous os éva dedopévo Ppop-
tio dev ennpedzetan ané v kateubuvon @oépuons. H
napadoxn dpws auth dev 10xuel yia BioAoyikd uiikd dnws
10 0ot6 (Park kai Lakes, 1992. Avapépetar and tous Gioka
C, Eliades T. Orthodontic dental intrusion: indications,
histological changes, biomechanical principles, possible
side effects. Hell Orthod Rev 2003:6:129-46). Ta tefeutaia
xpévia éyive npoondbeia va evowpatwBei n dopn tou
neplodoviiou ous avanuoels NENEPACHEVWV OTOIXEIWV.
ZUp@wva pe tous Qian kar ouv. (2001) n S1ietBuvon ka1 o1
HNXavikés 1610TNTES TwV VAV Tou NEPIPPIZiou dev éxouv
onpavuké pdno otov kaBopiopo6 Tou KEVIPOU avtictaons.
O1 Schneider ka1 ouv. (2002) evowpdwwoav ous avanl-
og1s tous évav alyépiBuo yia va nepiypayouv thv ava-
S1apuépPwaon 10U 0otoU petd and pnxavikd epediopata,
éyivav Opws oUUPWVa HE TOUs 1610Us Tous ouyypadpeis
opiopéves anfouateloels NOyw ennsipews otoixeiwv yia
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element models. Most of them, however, were simplified
and could not satisfactorily approach the real anatomical
factors they attempted to simulate (Yoshida et al.,
2001a). Finite element analysis requires that the Poisson
ratio be known; this depends on the modulus of elasticity.
Nevertheless, the study of material mechanical properties
cannot provide reliable values for the modulus of
elasticity, due to the high impact of the loading process
history, the specimen preparation procedure and the
testing conditions on the properties per se (Fung, 1993;
Reported by Gioka C, Eliades T. Orthodontic dental
intrusion: indications, histological changes,
biomechanical principles and possible side effects. Hell
Orthod Rev 2003:6:129-46). Finite element analysis also
presupposes that materials are isotropic, that is, their
response to a given load is not affected by the direction
of loading. However, this is not true for biological
materials, such as bone (Park and Lakes, 1992; Reported
by Gioka C, Eliades T. Orthodontic dental intrusion:
indications, histological changes, biomechanical
principles and possible side effects. Hell Orthod Rev
2003:6:129-46). In recent years, it has been attempted to
incorporate the structure of the periodontium into the
finite element analyses. According to Qian et al. (2001),
the direction and mechanical properties of periodontal
fibers do not play an important role in determining the
center of resistance. In their own analyses, Schneider et
al. (2002) incorporated an algorithm in order to describe
bone remodeling due to mechanical stimuli; however,
according to the authors, several simplifications had to
take place, due to lack of data concerning materials and
their morphology.

Laser - holographic or strain gauges techniques were also
used for studying tooth movement. Strain gauges are
electrical extensometers attached to the points of a
structure the movement of which we want to measure.
Each extension results in increasing the strain gauge
resistance and this can be measured electrically. The
disadvantage of such techniques is that even the slightest
movements of the head may significantly decrease the
precision of tooth movement (Nagerl et al., 1991).
According to McGuiness et al. (1991), strain gauges
cannot be inserted in the periodontal membrane without
running the risk of damaging it.

Most recent studies use magnets and magnetic sensors
for determining the center of resistance and observing
tooth movement (Yoshida et al., 2001a; 2001b).
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ta uiikd ka1 tn popponoyia tous.

Ma tn pefétn tns petakivnons twv dovudv xpnoiponoin-
Bnkav enions ofoypagikés texvikés (laser- holographic
techniques) n texvikés strain gauges. Ta strain gauges
gival nAektpikd emunkuvoidpetpa ta onoia emkodnoU-
vial ota onpeia ts dopns nou emOUpPoUE va PETPROOU-
E pa petakivnon. KaBe empnkuvon éxel oav anotéfecpa
v au€non tns avtiotaons tou strain gauge, nou pnopsi
va petpnBei nAekTPIKA. To PEIOVEKTNKO AUTWV TWV TEXVI-
K@V Atav 0T aKOUa Ko1 o1 Mo MIKPES METAKIVAGEIS TS
ke@anns punopolv va peimoouv onpavukd tv akpiBeia
s petakivnons wwv dovumv (Nagerl ka1 ouv., 1991).
LUppwva pe tous McGuiness ka1 ouv. (1991) dev sivan
Sduvatn n eicaywyn twv strain gauges péoa otnv nepio-
dovukn pepBpdvn xwpis va npokuysr pOopd.

rus tefeutaies épeuves yia tov kKaBopiopd tou Kévipou
avtiotaons, Kail ev yEVel Tnv napathpnon tns Petakivnons
tou Hovuou xpnoiponololvial PayvATES Kal payvnukoi
aioBntnpes (Yoshida kar ouv., 2001a; 2001b).

Monfés and autés us texvikés xpnoiponoindnkav oe
avBpwmva Nwpata ota onoia OHWs o1 PNXavikes 1616tn-
1€s 10U neprodovukou ouvdéopou givar Sragopetikés petd
10 Bdvarto. Na 1o Adyo autd xpnoigonolnBnkav ws uno-
katdotata tou neprodovukol ocuvdéopou ouvOeTikESs
ouaies, 6nws n oifikdvn. Auctuxws OwWS 01 OUTIES AUTES
bev éxouv Quoikés 1010TNTES NAPOLOIES HE AUTES TOU
nepiodovukou ouvdéopou (Vanden Bulcke kai ouv.,
1987).

OEXH TOY KENTPOY ANTIXTAIHZ ENOX AONTIOY

O1 Christiansen ka1 Burstone (1969) kaBws ka1 o1
Burstone ka1 Pryputniewicz (1980) avagépouv 6u 10
kévipo avtiotaons Bpioketan o€ éva onpeio ioo pe 10 40%
10U PNKous tns pizas tou dovuou and tn Gatviakn akpo-
fogia oe éva poviélo Guo Oiaotdoswv pe napaBonikod
oxhpa pizas h oto 33% tou pnkous tns pizas tou Sovuou
oe éva tpiodidotato poviéno pe piza o oxnpa napabo-
nogi1dous ek nepiotpogns (paraboloid of revolution).

O Nikolai (1974) kaBopizel 10 kévipo aviiotaons tou
Hovuou oe andotaon ion pe 10 45% tou phkous tns pizas
oe éva Siobidotato poviélo yia Bswpnukn avdduon, o
Davidian (1971) oto 40%, ev® o Halazonetis (1996) oto
42%.

O1 Sagopés autés ogeifovian ota avéuoia pabnpaukd
poviéda nou xpnaiponoinoav o1 epeuvntés. Eidikotepa o
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Many of these techniques were used on human cadavers,
where, nevertheless, the mechanical properties of the
periodontal ligament differ. For this reason, synthetic
substances, such as silicone, were used as substitutes for
the periodontal ligament. Unfortunately, the physical
properties of these substances are not similar to those of
the periodontal ligament (Vanden Bulcke et al., 1987).

LOCATION OF THE CENTER OF RESISTANCE OF A SINGLE
TOOTH

Christiansen and Burstone (1969), as well as Burstone and
Pryputniewicz (1980) report that the CR lies at a point
that equals 40% of the tooth root length measured from
the alveolar crest in a two-dimensional model with
parabolic root shape or at 33% of the tooth root length
in a three-dimensional model with paraboloid of
revolution root shape.

Nikolai (1974) locates the CR at a distance equal to 45%
of root length in a two-dimensional model made for
theoretical analysis, whereas Davidian (1971) places it at
40% and Halazonetis (1996) at 42%.

These differences are due to the different mathematical
models used by the various authors. More specifically,
Nikolai (1974) used two-dimensional precise models of
sphenoid (triangular) roots based on the theory of
periodontal membrane elasticity in combination with the
equilibrium equations of a rigid tooth. Davidian (1971)
developed a simple model for determining the centers of
resistance and rotation, simulating the periodontal
membrane with springs. Finally, Halazonetis (1996)
expanded this method in order to include non-linear
properties of the periodontal membrane as well as
shearing stresses, even in the case of an anisotropic
synthesis of the periodontium (Provatidis and
Toutountzakis, 1998).)

Nagerl et al. (1991), while intruding a canine into a plastic
material, supposedly substituting for the periodontal
ligament, found that the center of resistance of the tooth
lies at an average height of 34% (27-42%) of its root
length.

Tanne et al. (1988) and Vollmer et al. (1999), using finite
element models, report that the CR lies at a distance
equal to 24% and 42% of the root length of an upper
central incisor and canine, respectively. In a later study by
Tanne et al. (1991), the upper central incisor's CR was
calculated at 34% of this distance. According to
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Nikolai (1974) xpnoponoinoe 6io61dotata akpiBh povié-

Aa o@nvogldbmv (tp1ywvikav) pizawv pe Baon tn Bewpia

s elaoukétntas s neplodovukns pepBpdvns os ouv-

Suaopé pe us eGiowoels 10opponias tou dkauntou dovu-

oU, o Davidian (1971) avéntu&e éva anAé poviéno npoo-

S1op1opoU twv Kévipwy avtiotaons Kai NepiotpoPns e€o-

polwvovtas thv neplodovukn pepBpdvn pe eAatnpia, eva

0 Halazonetis (1996) enékteive autn tn péBodo wate va

oupnepINdBer pn ypappikés 1616tntes tns neprodovukns

pePBpdvns kabws kar diatunukés 1doels ka1 otnv nepi-
nwon avigotponikns ouvBeons tou nepiodoviiou

(Provatidis ka1 Toutountzakis, 1998).

O1 Nagerl ka1 ouv. (1991) epBubBizovtas évav kuvédovia

og nilaoukd ufikd 1o onoio unotiBetan éu unokabiotd

Tov nepIodovukd olvdeapo Bpnkav 6u 10 KEVIPO avu-

otaons twv dovuwv Bpioketal o éva péogo Uyos 34% (27-

42%) Tou PNKOUS NS pizas tou.

O1 Tanne ka1 ouv. (1988) ka1 o1 Vollmer kar cuv. (1999)

XPNOIYONOIVIas Hoviéna NENEPUCUEVWY OTOIXEIWV

(finite elements models) avagépouv 6u 10 Kévipo avti-

otaons Bpioketan og anéotaon ion pe 24% ka1 42% tou

MAKOUS NS Pizas TOU KEVIPIKOU Gvw Ttopéa Kai kuvadovia

avtiotoixa. Ze pia petayevéotepn pedétn twwv Tanne kal

ouv. (1991) 10 kévipo avtiotaons TOU KEVIPIKOU Avw
topéa unonoyiotnke oto 34%. Ta Sragopeukd autd ano-
tenéopata eival eUkoAo va NPoKUYouv cUUPVA IE TOUS

Provatidis ka1 Toutountzakis (1998) edv ennpeactei pia

ano us akénoubes 1€00ePIS NAPAPETPOUS:

a) To péyeBos tou poviéAou yUpw and to eétaon ovu

B) To €ibos 1wV opIaK@Y oUVONKWV.

y) O BaBuds exAéntuvans tou NAEyHATos v NENEQATHE-
vV otoixeiwv nou anarteitan yia tn Anyn a§idémaotwv
anoteneopdtwv. Apaid niéypata odnyouv o€ avakpi-
Bh anotedéopata.

6) O1 upés v Pnxavik®v 1610Thtwv twv UKWy,

O1 Poppe ka1 ouv. (2002) Bphkav 6u 1o kévipo avtiotaons

twv povéppizwv dovuwv Bpioketan o andotaon ion pe

10 42% tou UYous tou patviakou netdiou.

O1 Yoshida ka1 ouv. (2001a) avagépouv 6u 10 KEVIPO

avtiotaons Tou KevipikoU dvw topéa katd t Sidpkeia s

unepias petakivnons tou Bpioketan oe andotaon ion

nepinou pe ta 2/3 tou unepwiou UYous dtav autd Pepié-
ta1 and 10 akpoppizid tou €ws tn patwviakh akpodogia
ka1 enopévws eGaptdtan and 1o eninedo tou ootoU nou

Bpioketan unepwia.

O1 Pedersen kan ouv. (1991) 1oxupizovian éu, o€ dtopo
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Provatidis and Toutountzakis (1998), these different
results are easily derived, if one of the following
parameters is affected:
a) The size of the model surrounding the examined
tooth.
b) The type of terminal conditions.
¢) The degree of refinement of the finite element mesh
that is required for reliable results. Coarse meshes lead
to inaccurate results.
d) The values of material mechanical properties.
Poppe et al. (2002) found that the CR of single-rooted
teeth lies at a distance equal to 42% of the alveolar plate
height.
Yoshida et al. (2001a) report that the CR of a maxillary
central incisor during its palatal movement depends on
the palatal osseous level and lies at a distance
approximately equal to 2/3 of the palatal height, when
the latter is measured from the tooth apex to the alveolar
crest.
Pedersen et al. (1991) claim that, in a 20-year old
individual with normal root length, the CR of lower
premolars lies at 40% of their root length.
Consequently, most studies locate the CR of a single-
rooted tooth at 33-42% of its root length from the
alveolar tip (crest). In a tooth with a 10-mm root, such as
the upper central incisor, this difference is less than 1 mm
(0.9 mm). However, force systems with less than 1mm
precision are not easy to create in a clinical situation.
Practically, this means that forces applied on the tooth
will always create a moment.
Furthermore, tooth movement following force
application may be distinguished in two phases: primary,
due to tooth movement within the periodontal
membrane and secondary, which follows and is due to
bone remodeling (bone apposition and resorption)
(Burstone et al., 1982). However, the center of resistance
may not be the same during these two phases of tooth
movement (Halazonetis, 1996). As a consequence, tooth
movement may differ from the one initially planned.
Nevertheless, exact CR location also depends on other
factors, such as root length and osseous height around the
tooth. The effect of root length is greater than that of
bone height. The center of resistance in a canine may be
located at 45% of its root length, whereas in a smaller
tooth with a 12-mm root may lie at 35% of this distance
(Schneider et al., 2002). When root resorption is observed,
the CR is displaced toward the tooth crown, due to the
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niikias 20 €tV kal pe Quolofoyikd WNAKOS pizas, 10
KEVIPO avtiotaons twv KAtw npoyoupinv Bpioketm oto
40% tou phkous s pizas

ZUVEN®S, 01 NEPIOTOTEPES EPEUVES TONOBETOUV 1O KEVTPO
avtiotaons tou povéppizou dovuou oto 33-42% tou
phKoUs tns pizas and tn gawviakh napuen (akpofogia).
e éva 66vu pnkous pizas 10 mm o6nws gival 0 KEVIPIKOS
avw topéas n drapopd autn eivan pikpdtepn ou 1 mm
(0,9 mm). Eva ouotnpa, Opws, duvduewv pe akpiBeia
Mikpdtepn tou 1 mm sivan duokofo va kataokeuaotei
otnv kaBnpepivh kAvikh npd&n. Mpakukd autd onpaivel
ou o1 duvdapeis nou spapudzovial oo dévu Ba éxouv
oxebov ndva pia ponn.

EmnAéov, n kivnon tou dovuoU peld tnv epappoyn
kdnoias Suvapns pnopei va d1akpiBei o 6Uo Pdaoels: tnv
npwtoyevh n onoia oeifetal atnv petakivnon tou dovu-
oU péaa otnv neprodovukh pepBpavn kai tn deutepoyevin
n onoia akonouBsi ka1 oeifetan otnv enavadiapdpPwon
tou ootou (evandBson kai anoppdenon) (Burstone kai
ouv., 1982). To kévipo avtiotaons twv Sovuwv Opws
evdéxetal va un oupnintel ous dUo @doeiss ns kivnons
tou Hovuou (Halazonetis, 1996). Katd ouvéngia n kivhon
tou dovuou pnopei va ivan dragopeukh and auth nou
éxe1 oxedlaotei.

H akpiBns Béan tou kévipou avtiotaons, dpws, e§aptdtal
Kan and dndous napdyovies, Onws 10 PAKOS TS Pizas Tou
Hovuou kal 1o Uyos tou ootou nou nepiBanne to dévu.
Meyanutepn enibpaon éxel 10 pNKos tns pizas and to
Uyos tou 0otou. Le évav Kuvodovta 10 kEVIpo aviiotaons
pnopei va Bpioketan oto 45% tou phkous tns pizas tou
Hovuou evid o€ éva pikpotepo H6vu pe UYos pizas 12 mm
010 35% tou pnkous (Schneider kar cuv., 2002). Otav
napatnpeital anoppoé@non s pizas evos dovuol 10
KEVIPO avtiotaons petatonizetan Npos th puin tou dovu-
oU 6x1 pévo e€artias tns peiwons 1ou PAKOUS tns pizas
annd kar tns andayhs tou oxnpatds s (Schneider ko
ouv., 2002). O1 Yoshida ka1 ouv. (2001a) avagépouv 6t 10
KEVTPO avTioTaons TouU KEVIPIKOU Avw topéa Otav spap-
pozovian unepwies duvdpels eEaptdtan kupiws and to
Uyos tou unspwiou netddou kar eldxiota and 1o UyYos
tou xe1fikoU ooukoU netdnou.

To kévipo avtiotaons eEaptdtan enions and tn 61etbuvon
ns popuons (loading). Luupwva pe tov Nagerl kar cuv.
(1991) n Béon tou Kévipou avtiotaons petaBannetan anod
10 27-42% tou phkous tns pizas avanoya pe tn HevBuv-
on s epappozopevns duvauns. O Halazonetis (1996) o€
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decreased root length as well as the change of root shape
(Schneider et al., 2002). Yoshida et al. (2001a) report that,
when palatal forces are applied, the CR of an upper
central incisor mainly depends on the height of the palatal
osseous plate and minimally on that of the labial plate.
The center of resistance also depends on the direction of
loading. According to Nagerl et al. (1991), CR location
ranges from 27% to 42% of root length, depending on
the direction of the applied force. Halazonetis (1996)
claims that this change is smaller (4%) in a two-
dimensional tooth-periodontium model with anisotropic
periodontal ligament.

Vander Bulcke et al. (1986) report that precise CR location
may vary depending on tooth morphology, type of
periodontal ligament, quality of surrounding bone, tissue
response to applied forces, degree of humidity of
neighboring osseous structures and tooth axial
inclination without, however, mentioning any
experimental evidence.

According to Stoeckli and Teuscher (1985), the CR of any
unit can only be determined precisely from the clinical
situation occurring after force application, as it depends
on many factors.

Clinical results, when single-rooted teeth are moved
distally, sometimes confirm the theoretical models, but
sometimes they do not. Bourauel and Drescher (1994)
report that experimental and clinical results following
distal movement of maxillary canines were highly
consistent. On the contrary, Vollmer et al. (1999) claim
that tooth translation is difficult to achieve, because
there are tuberosities and cavities on the tooth root
affecting stress and strain distribution and, consequently,
tooth movement.

Finally, the CR of multi-rooted teeth lies near the root
furcation (Moyers, 1988; Bassigny, 1983). Pedersen et al.
(1991) claim that CR location in mandibular molars
depends on tooth geometry, root length, osseous level
and age.

It becomes clear that there are different views concerning
CR location. The main reasons are the different
methodologies used by authors and the different values
of parameters defining CR location (e.g. root length, root
shape, force direction, alveolar plate height, etc.). No
method is perfect and all of them have advantages and
disadvantages, as presented at the beginning of this
paper. It is also difficult to standardize all factors
affecting CR location, on the one hand, because there are
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éva Siodidotato poviéno dovuou - nepiodovtiou pe avi-
obtpono nepiodovukd ouvdeapo 10xupizetan 6u n peta-
BoAn auth sivan pikpotepn (4%).

O1 Vander Bulcke ka1 ouv. (1986) avagépouv 6u n akpi-
Bhs Béon tou kévipou avtiotaons pnopei va petaBAnBei
avadoya pe tn pop@ofoyia tou dovuouU, 1o €idos tou
neprodovukoU auvdéopou, tnv noidtnta tou nepiBanno-
V10S 00T0U, TNV 10UKN avtibpaon ous aokoUpeves duvd-
HEIS, TNV EQUYPAVON TWV NAPAKEIUEVWY OOTKWOY SOUV
kan tnv agovikn kAion tou dovuoU xwpis Guws va avagpé-
pouv neipapaukd dedopéva nou va to otnpizouv.
Zoppwva pe tous Stoeckli kan Teuscher (1985) to kévipo
avtiotaons onolaadnnote povadas, eneidn eEaptdtan anod
nodfoUs napdyovies, dev pnopei va eviomatsi pe akpi-
Beia napd pévo and v kAVIKA EIKOVA PETA TV EQAPHO-
yh ts duvapns.

Ta kfivikd anotedéopata Otav emxelpsital petakivnon
npos ta dnw twv povoppizwv dovumv dnnes gopés em-
BeBavouv 1a Bewpnukd poviéda ka1 dines oxi. O1
Bourauel ka1 Drescher (1994) avagépouv 6u yia thv dnw
pETtakivnon tou dvw Kuvodovia ta nelpapaukd kai kAvi-
K@ anoteNéopata avuotoixoUoav o€ peyano Babud. Avi-
Beta o1 Vollmer kar ouv. (1999) 1oxupizovian éu eivan
duokono va emteuxBei napdAAnAn petakivnon tou dovu-
ou eneibh n piza tou napouacidzel eEoykwpata kair Koino-
TNTES 01 OMOIES ENNPEAZOUV TNV KATAVOph Twv TEoEwWV Kal
TWV MECEWV Kal ENOPEVWS TV Kivnon tou dovuou.
Ténos, 10 kévipo avtiotaons twv dovuwv pe nonnés pizes
(multirooted teeth) Bpioketal kovid owmv évwon twv
pizaov (Moyers, 1988; Bassigny, 1983). O1 Pedersen ka1
ouv. (1991) unootnpizouv du n Béon tou kévipou avu-
otaons tou Kdtw youpiou eaptdtal and wn yewpepia
tou bovuoy, To pnKos tns pizas, o eninedo t1ou 0otoU ka
v niikia tou atdpou.

Eivan @avepd 6u o1 ouyypageis dev ouppwvolv otov
kaBopiopd tou kévipou avticraons. O1 Adyor gival Kupiws
n diagopeukn peBodonoyia nou akonouBouv o1 epguvn-
s KaBms ka1 o1 H1aPOoPETIKES TIUES TWV NAPAPETPWV MOU
kaBopizouv v Béon tou kévipou avtiotaons (n.x. 10
UNKOS tns pizas, 10 oxhpa wns, n HielBuvon twv duvdpe-
wv, 10 UYos tou patviakou netdnou K.A.n.). Kapia uébo-
6os dev eivan téneia, dfes napoucidzouv opiopéva peIo-
vekthpata kar nigovekthpata ta onoia avafddovial otnv
apxn tou apBpou. Eivar duokono enions va tunonoin-
BoUv 6Mo1 o1 napdyovies nou ennpedzouv th Béon tou
kévipou avtiotaons agevos pev eneidn eivar nonnof, age-
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many factors involved and, on the other hand, because
some of them may not have been or cannot yet be
investigated, such as the quality of bone surrounding a
tooth. For all the above reasons, it is difficult to design
future research. New research is needed in order to
identify factors that may affect CR location, such as type
of periodontal ligament, bone quality, tooth inclination,
etc. Research must be performed on living organisms,
whenever possible, in order to avoid simplifications
involving bone and periodontium. Such research is now
feasible (Yoshida et al., 2001a; 2001b).

LOCATION OF THE CENTER OF RESISTANCE OF A GROUP
OF TEETH

During orthodontic treatment it is often necessary to
move a group of teeth in a specific direction. The
orthodontist should know the center of resistance of this
tooth group in order to effectively achieve such
movement.

1. Center of resistance of anterior maxillary teeth

CR location during intrusion

Anterior tooth intrusion is often the goal in patients with
gummy smile or short upper lip or in patients with
increased mandibular plane angle (Burstone, 1977).
Dermaut and Vanden Bulcke (1986) used brackets and the
Begg technique to study dental intrusion in dry skulls.
The CR of the four upper incisors is distal to the upper
laterals, whereas the CR of the six upper anterior teeth is
distal to the canines. However, moments and
independent tooth movements are observed, especially
when the system includes two teeth and to a lesser
extent when all six anterior teeth are included. For this
reason, it is impossible to find the CR of the two central
incisors using this technique (Dermaut and Vanden
Bulcke, 1986). Toutountzakis and Mavreas (1989), in order
to manage these movements in clinical practice,
recommend that incisors be tied together with a figure-
eight stainless steel ligature.

Vanden Bulcke et al. (1986) used the same method, but
intruded teeth within a metal splint. The center of
resistance of upper central incisors during intrusion lies
on a line parallel to the mid-sagittal plane on a point
situated at the distal half of the canines, whereas the CR
of all four maxillary incisors is located on a line
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tépou 6 eneidn kdnolor mBavév va pnv éxouv epeuvnBei
f va pnv pnopouv va epeuvnBolv aképa énws n.x. n noi-
otnta tou ootoU nou nepiBander to d6vu. Ma éAous
autous tous Adyous o oxediaopos twv PeNAOVUKWY EpEu-
vav eival apketd dSuokonos. Xpeidzovial VEES EPEUVNTIKES
npoondOeiss yia tous napdyovies nou mbavov va ennpe-
azouv tn B¢on Tou KEVIpoU avtiotaons Onws 1o £idos tou
neprodovukoU ouvdéopou, n nodinta tu octoU, n
kAion tou 6ovuou k.A.n. O1 épguves npénel va yivoviai o
ZWOVIES Opyaviopous, étav autd eivan duvatd, yia va ano-
@elyovtal o1 anfoucteUOEls O1 OMNoies OXetizovial PE TO
ootd ko 10 neplodovuo. O1 épeuves autés eivan nAéov
Suvatés (Yoshida ka1 ouv., 2001a; 2001b).

OEZH TOY KENTPOY ANTIZTAZHZ OMAAQN AONTIQN

Katd tn &idpkeia s opBodovukns Bepaneias nodnés
Qopés eivar anapaitntn n petakivnon pias opddas
Sovuwv npos pia opiopévn kateuBuvon. O opBodovukds
Y10 va NPAyHAtonoingel anoteNeoPaTKA autés Us KIVAGEIS
npénel va yvwpizel 1o kévipo avtiotaons tns opddas twv
Sovuav.

1. ©£0n toU Kévipou avtiotaons twv Gvw npoadinv

©¢an tou Kkévipou avtigtaons kard v suBuion

H guBUBion twv npoaBinv dovuwv emdIMKEIN oUXVA OE
aoBeveis pe outké xaudyelo N kovid dvw xeiflos M o€
aoBeveis pe aunpévn ywvia tou emnédou tns Katw yvd-
Bou (Burstone, 1977).

01 Dermaut ka1 Vanden Bulcke (1986) xpnaiponoinoav ta
aykiotpa kai tnv texvikn Begg yia va pefsthoouv tnhv
euBUuBion twv dovuwv o Enpd kpavia. To kévipo avti-
otaons twv 1Ecodpwv avw topéwv Bpioketal katd npo-
oéyyion dnw twv avw nAayiwv evd To KEVIPO Twv €81 dvw
npooBiwv dnw twv kuvodéviwv. Mapdia autd napawn-
pouvtal ponés kar ave§Aptnies YeTakIvhaoels dovumv 16iws
otav 1o ouotnpa nepifapBavel duo dévua kar pIKPOTEPES
otav nepiiapBdver €6 66vua. Ma to Adyo autd pe auth
texvikh ival aduvarto va Bpebei 1o kévipo aviiotaons twv
600 Kevipik®V dvw topéwv (Dermaut kan Vanden Bulcke,
1986). Lnv kMivikh Npdén yia va avupetwmaotouv autés
o1 petakivhoels o1 Toutountzakis kar Mavreas (1989) ouvi-
otouv o1 topeis va &évoviar petal tous pe tn BonBeia
petanfikns Nnpoodeons o€ OXNAHA OKTW.

O1 Vanden Bulcke ka1 ouv. (1986) xpnaigonoincav tnv
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perpendicular to the occlusal plane between canines and
first premolars. These two centers of resistance are at a 2-
mm distance from each other (Vanden Bulcke et al.,
1986). On the contrary, the CR of the six upper anterior
teeth is located on a line perpendicular to the occlusal
plane distal to the first premolars (Vanden Bulcke et al.,
1986). The center of resistance during intrusion does not
change significantly as force magnitude increases.
Greenfield (1993), without referring to his sources,
reports that the CR of the four upper incisors lies on the
line dissecting the cemento-enamel junction at the
palatal surface of the upper central incisors. In the figure
of this paper, the center of resistance is shown to be distal
to the lateral incisor.

Many authors, such as Shroff et al. (1995) and, Lindauer
and Isaacson (1995), who use the segmented arch
technique for maxillary incisor intrusion, do not mention
the CR of upper incisors in their main paper, but they
depict it in their figures situated distally to and above the
upper lateral incisor bracket. This research is obviously
based on the paper by Dermaut and Vanden Bulcke
(1986), who studied intrusion using the Begg technique
and brackets. However, according to these authors, their
results cannot be consistently applied in clinical practice.
The use of Araldite, as a substitute for the periodontal
ligament, and dry skulls for studying tooth movement
pose certain limitations. Furthermore, moments and
independent tooth movements have been observed
during intrusion. These movements of anterior teeth
occur even with edgewise brackets (Vanden Bulcke et al.,
1986). For this reason, Vanden Bulcke et al. (1986) used a
similar method, but intruded teeth within a metal splint.
However, their results differed.

Pedersen et al. (1991) report that the centers of resistance
of the two maxillary central incisors and of all four incisors
are located approximately 13 mm posteriorly to the upper
centralincisor brackets on a line that passes 3 mm in front
of the canine distal surface. The CR of the six maxillary
anterior teeth lies 6 mm further posteriorly (Fig. 1).

Location of the center of CR during palatal movement

Vanden Bulcke et al. (1987) used a metal splint within
which they intruded teeth in two dry skulls and examined
the CR of anterior teeth during palatal movement. The
center of resistance of maxillary central incisors lies
approximately 3.5 mm apically to the incisor
interproximal bone level; that of the four upper incisors 5

HELLENIC ORTHODONTIC REVIEW 2005 ¢ VOLUME 8 * ISSUE 1



EAnHNIKH OpaoaONTIKH EneEQPHEH

To kévtpo avtiotaons twv dovucv / The center of resistance of teeth

i61a yéBobo pe 1ous nponyoUpevous ouyypapeis euBubi-
oav opws ta dovua oe éva petanfikd vapOnka. To kévipo
avtiotaons twv 600 KeVIPIK®V Avw Topéwv katd tn &idp-
kela tns epBubions Bpioketar o pia ypapphn napdAinfn
pe 1o péoo oBemaio eninebo oto dnw hpIoU twv KUVOdo6-
VIOV, EVO TWV TE00APwWV Avw TOPEWV Of pia ypapun
KdBstn oto ouykneigiakd eninedo petau twv Kuvodo-
VIOV Kal Twv NPMOTWV npoyop@iwv. Ta 6Uo kévipa avti-
otaons Bpiokovial o€ anéatacn nepinou 2 mm 10 éva
and to dAfo (Vanden Bulcke ka1 ouv., 1986). AvtiBeta 1o
kévipo avtiotaons twv €61 dvw npoaBiwv Bpioketal os pia
ypappn kaBetn ato ouykAgioiakd eninedo dnw twv np®-
v npoyougiwv (Vanden Bulcke ka1 cuv., 1986). To
KEVIpo avtiotaons katd tn &idpkeia tns guBubions b¢
petaBanneton onpavukd pe v ad€non s éviaons twv
Suvdpewv.

O Greenfield (1993) avagépel, xwpis Opws va anokanu-
MTEl US NNYES ToU, 0T 10 KEVIPO avTioTaons Twv TEGOAPwWV
avw topéwv Bpioketon ndvw otnv euBeia n onoia daté-
Vel Tnv ooteivo-adapavuvikn évwon otn unepwia NAgU-
PA v Avw Kevipikwv topéwv. H Béon tou kévipou avti-
otaons oto oxnpa tou dpBpou @aivetal va Bpioketar dnw
tou nAdyiou topéa.

MoAnoi ouyypageis o1 onoiol xpnoIPONoI0UV TUNHATIKES
TEXVIKES yia Ty epBUBion twv dvw topéwv 6nws o Shroff
ka1 ouv. (1995), o1 Lindauer ka1 Isaacson (1995) 6ev ava-
PEPOUV, CUOTNPATKE, TO KEVIPO aviiotaons twv dvw
TOpEwV OTO KUPI0 péPOs Twv dpBpwv tous annd to anel-
Kovizouv pévo ota oxhpatd tous anw ka1 navw and to
aykunio tou niayiou dvw topéa. O1 cuyypageis autoi
otnpizovial npopavws ot dpbpo twv Dermaut ko
Vanden Bulcke (1986) o1 onoior peAétnoav tnv euBubion
Xpnaoigonoicvias ta aykufia ko1 tnv texvikh Begg. Ta
anoteNéopatd tous Opws, oUPPWva pE Tous idlous tous
ouyypageis, dev pnopouv va petapepBolv motd otnv
kthvikh npd&n. H xphon tou Araldite cav unokatdotato
ToU neplodovukou ouvbéopou dnws Kai tou Enpol Kpa-
viou otn peétn twv 06oVUKWY PETAKIVAGEWY €XOUV OpI-
opévous neplopiopous. EmnAéov katd tn &idpkeia ns
euBUBIoNSs napatnpnBnkav ponés Kal aveEApNTes ETAKI-
vhoels dovumv. O1 ave§aptntes aUTES HETAKIVACEIS TwV
npooBiwv dovuwv cupBaivouv akdpa ko pe aykUiia
edgewise (Vanden Bulcke ka1 ouv., 1986). Na 1o Adyo
auté o1 Vanden Bulcke kan ouv. (1986) xpnoigonoinoav
napoépoia pébodo annd euBuBiocav ta dévua oe éva
petaniké vapOnka. Ta anotenéopata Opws Ntav dago-
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mm apically and of all six upper anterior teeth 7 mm
apically (Vanden Bulcke et al., 1987).

These absolute values, according to the previous authors,
cannot be applied in clinical practice. Differences in the
anatomy of tooth, bone and periodontal ligament may
shift the location of the center of resistance, which
involves only the initial tooth movement. The system
with the metal splint within which teeth are intruded is
not used in routine clinical practice, where teeth are
engaged in an archwire and tooth movements are
allowed, at least to a certain degree.

Pedersen et al. (1991), measuring jaws of non-living
humans following autopsy, report that the CR of the two
upper central incisors and of all upper anterior teeth is
found at almost the same location (6.5 mm apical to the
brackets of the upper central incisors). The center of
resistance of the four upper incisors lies more incisally (5
mm apical to the brackets of upper central incisors) (Fig.
1).

Melsen et al. (1990), based on a theoretical model,
support the view that the CR of the six upper anterior
teeth is located halfway between the midpoint of the
four incisors' center of resistance and the canines’ center
of resistance.

The CR of upper anterior teeth differs from one individual
to another and depends on root length and upper
anterior tooth inclination. According to these authors,
the CR of upper anterior teeth at the horizontal plane lies
0.72 mm distally to the maxillary canine bracket (Fig. 2).
Bourauel and Drescher (1994), using a modified Burstone
T loop, report that the experimental and clinical results
during palatal movement of upper incisors are not highly
consistent. According to these authors, the CR of upper
incisors cannot yet be accurately determined.

Yoshida et al. (2001b) found that the CR of either two or
four upper incisors more or less coincide at 4.3 mm
apically to the palatal osseous plate, whereas the CR of
the 6 upper anterior teeth lies 0.8 mm more incisally.
These authors compared their study to those of Vanden
Bulcke et al. (1987) and Pedersen et al. (1991) by
measuring from the incisal edge of upper incisors. They
report that, during retraction, the CR of the two upper
central incisors seems to be located between 10.3 and
11.1 mm from the incisal edge, of the four upper incisors
between 8.1 and 12.3 mm and of the six upper anterior
teeth between 10.5 and 13.7 mm from the incisal edge
(Vanden Bulcke et al, 1987; Pedersen et al, 1991;
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PEUKA.

O1 Pedersen kar ouv. (1991) avagépouv 6u ta Kévipa
avtiotaons twv U0 Avw KEVIPIKMV TOMEWY KOl TwV TEC-
odpwv avw topéwv Bpiokovial nepinou 13 mm niow and
10 aykUMa v Gve KEVIPIKWV Topéwv O pia ypapun 3
mm pnpoaotd and tnv dnw emeaveida 1v kuvodoviwv. To
KEVTpO avtiotaons twv £§ dvw npooBiwv Bpioketar 6 mm
mo niow (E1k. 1).

©éon tou kévtpou avtigtaons Kkatd tnv UNEPWIA UETaKi-
vnon

01 Vanden Bulcke ka1 ouv. (1987) xpnoigonoimvias évav
petanMkéd vapOnka otov onoio euBubicav ta dévua e&é-
taoav 1o Kévipo avtiotaons twv npooBiwv dovudv katd
n &1dpkela s unepmias petakivnons og duo Enpd kpa-
via. To kévipo avtiotaons twv 600 KEVIPIKMV AVw TOPEWY
Bpioketan 3,5 mm nepinou akpoppizikd anod to eninebo
10U 00toU petadu twv topéwv (interproximal bone level)
WV 1e0odpwv dvw topéwv 5 mm kal twv €§ dvw npo-
oBiwv 7 mm (Vanden Bulcke ka1 ouv., 1987).

01 anéAutor autoi apiBuoi 6e pnopoulv va petapepbolv
oUUPWVa PE TOUS NPONYOUEVOUS CUYYPaQEis otnv K-
vikn npdaén. O1 Sragopés atnv avatopia tou dovuou, tou
00toU Ka1 010 nePIppPizio pnopouv va afnd§ouv tn Béon
ToU Kévipou avtiotaons n onoia emniéov 6ev apopd 6An
v kivnon tou dovuou adid pévo tnv apxikn. To ouotn-
ua pe tov petaniikd vapBnka otov onoio epBubizovial ta
66vua &e xpnoiponoigital otnv kabnpepiva kMvikh npdagn
onou ta 6évua ouvhBws cuvdéoviar pe petanfikd cuppa
Kol emtpénovial o€ kdnoio Babud o1 petakivhoels twv
Sovuwv.

O1 Pedersen ka1 ouv. (1991) kdvovtas petpnoeis o yvd-
Bous pn zoviwv avBpwnwyv petd and vekpoyia avagé-
pouv O 1o KEVIPO avtiotaons twv SUO0 KEVIPIKWV (vw
TOpéWV Kal Twv dvw npoaBiwv Bpioketa axedov otnv idia
B¢on (6,5 mm ndvw and ta aykuMa v KEVIPIKMY Avw
TOPEWV) EVM aUTO TwV TE0aAPWY AV TOMEWY MO KONTKA
(5 mm ndvw and ta aykUMa twv KEVIPIKWY Avw TOpEWV)
(Eik. 1).

01 Melsen ka1 ouv. (1990) Baoiopévor og éva Bewpnukod
poviéfo 10xupizovial 6u 10 KEVIPO avtiotaons twv G
dvw npooBinv Bpioketan oto péco tns andotaons
(halfway) peta&u tou péoou (midpoint) twv kévipwv avti-
oTaoNns Twv TE00APWY Avw TOPEWV Kal TOU KEVIPOU avti-
otacns tou kuvédovta. To kévipo avtiotaons twv Gvw
npoaBiwv diapépel and dropo oe dropo kan e€aptdtal
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Yoshida et al., 2001a). Thus, the exact location of the
centers of resistance is not known, especially in the case
of upper incisors and upper anterior teeth; all we know is
its approximate location.

Finally, Matsui et al. (2000), in a photoelastic model, found
that the CR of the four upper incisors is located at the mid-
sagittal plane, 4 mm posterior to and 6 mm above the
labial alveolar crest of the upper central incisors. The
authors attributed this difference; with the other studies
to the use of the photoelastic material and to the 6-mm
space created between lateral incisor and canine.

There are many studies that are concerned with maxillary
incisor palatal movement. Below, we indicatively present
several studies, where different centers of resistance are
used.

Park et al. (2000) claim to have achieved translation of
anterior teeth with a lever arm system and lingual
brackets; however, they do not mention the CR of teeth,
although they design it.

Choy et al. (2002) invented the SDRS system for palatal
movement of upper anterior teeth. They, too, do not
mention the CR, although they design it.

Kim et al. (2004) use the C-lingual retractor for palatal
movement and intrusion of upper anterior teeth. For
determining the center of resistance they depend on the
study by Vanden Bulcke et al. (1986).

Guray and Orhan (1997) use an anterior headgear for
palatal movement of upper anterior teeth. They use the
study by Melsen et al. (1990) to determine the center of
resistance.

Gjessing (1992) invents the PG spring for palatal
movement of upper incisors. For the center of resistance
of upper anterior teeth he uses Pedersen’s definition.
These studies consist of a theoretical part including the
principles of the system proposed for palatal movement
of anterior teeth, experimental data and a clinical case
showing the action of the appliance. These systems
cannot be easily compared, but they have a sound
theoretical basis and their results, at least in the clinical
cases shown, are excellent. Most authors use forces or
forces and moments for retraction of maxillary incisors or
anterior teeth and select a CR. However, it is not possible
to decide whether the center of resistance has been
correctly determined or not. Nevertheless, the definitions
given by Pedersen et al. (1991) and Melsen et al. (1990)
are quite similar.

A review of the literature shows that most researchers do
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Eikéva 1. a) Opizovues kai kGBetes duvapels HiepxOUEVES ano 1O KEVIPO avTiotaons twv Avw KEVIPIKMY topéwv. b) Opizovues kai kGbetes duvd-
peis Hiepxopeves anod 10 KEVIPO avtiotaons Twv teoodpwy vw topéwv. ¢) Opizévues kan kaBetes duvapels diepxopeves anod o KEVIPO avtiota-
ons twv €& avw npooBiwv. (And: Pedersen kai ouv. (1991), katomiv abeias tou Oxford University Press.)

Figure 1. Horizontal and perpendicular forces passing through the center of resistance of upper central incisors. b) Horizontal and
perpendicular forces passing through the center of resistance of the four upper incisors. ¢) Horizontal and perpendicular forces passing
through the center of resistance of the six upper anterior teeth. (From: Pedersen et al. (1991), with permission of Oxford University Press.)
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and 1o PAKoS twv Pizav Kar us Kiiogls twv dvw npo-
oBiwv. ZOupwva pe Tous NPONyoUUEVOUS CUYYPUETS TO
Kévipo avtiotaons twv dvw npooBiwv oto opizévuo eni-
nedo Bpioketn 0.72 mm dnw tou aykudiou tou dvw
Kuvéoovta (Eik. 2).

O1 Bourauel ka1 Drescher (1994) xpnoiponoicwvias pia
tpononoinpévn aykudn T tou Burstone avagépouv 6u
otV UNEpM®Ia petakivnon twv dvw Topéwy ta NEpapat-
Kd ka1 kiivikd anoteféopata dev avuotoixolv o peydio
BaBuo. LUUPwva HE TOUS NPONYOUKEVOUS CUYYPUPEIS N
Béon tou kévipou avtiotaons twv Avw Topéwv Oev éxel
nAnpws anoca@nvicdei.

O1 Yoshida ka1 ouv. (2001b) Bpiokouv éu 10 Kévipo avti-
otaons v 600 Kal WV 1E00dpwV Avw TOHEWY oupmni-
ntouv Aiyo noAU ka1 Bpiokovial 4,3 mm akpoppizikd tou
unepwiou netdnou evd autd twv 6 npoaBiwv 0,8 mm mo
konukd. O1 nponyoUpevol cuyypageis npoondbnoav va
ouykpivouv us epyaocies twv Vanden Bulcke ka1 ouv.
(1987), Pedersen ka1 ouv. (1991) pe tn &ikn tous peTpw-
vtas and tnv konukn emM@Aaveia wv dvw topéwv. LUpPw-
va e autous katd tnv €Agn, 1o Kkévipo avtiotaons twv
bUo avw Kkevipikv Topéwv Paivetan va Bpioketan petagu
twv 10,3 ka1 11,1 mm, wwv t€codpwv dvw topéwy petagu
twv 8,1 ka1 twv 12,3 mm kai twv €6 dvw npooBiwv peta-
€U wwv 10,5 kan 13,7 mm and tnv Konukn EMEAveld Twv
avw topéwv (Vanden Bulcke kai ouv., 1987; Pedersen kan
ouv., 1991; Yoshida ka1 ouv., 2001a). Aev €ivan yvwotn
enopévws n akpiBns Béon twv Kévipwv avtiotaons, 16iws
TV v Topéwv Kal twv dvw npooBiwv affd n nepioxn
yUpw ano tnv onoia mBavov va evionizovial.

TéAos, o1 Matsui ka1 ouv. (2000) o€ éva QwtoeNaotkd
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Eikéva 2. To kévipo avtiotaons twv vw npooBinv cUIewva e Tous
Melsen kan ouv. (1990). (And: Melsen kar ouv. (1990), katdmv adei-
as tou ] Clin Orthod.)

Figure 2. The center of resistance of maxillary anterior teeth

according to Melsen et al. (1990). (From: Melsen ka1 ouv. (1990),
with permission of ] Clin Orthod.)
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not consider a definitive; center of resistance in their
experimental studies, but rather the center of resistance
during palatal movement or intrusion without referring
to other types of tooth movement (occlusal movement
etc.) (Dermaut and Vanden Bulcke, 1986; Vanden Bulcke
et al.,, 1986; Vanden Bulcke et al., 1987; Yoshida et al.,
2001b). In the conclusion section of the studies they refer
to the location of the center of resistance during palatal
movement or intrusion, always taking only one
dimension into account.

Even researchers who investigated CR location during
palatal movement or intrusion, such as Pedersen et al.
(1991) did in the same skull and, Vanden Bulcke et al.
(1986) and Vanden Bulcke et al. (1987) in two separate
studies with similar methodology, do not report that the
two centers coincide.

The center of resistance may differ depending on the
direction of the applied force. The CR of a single-rooted
tooth is different during palatal movement and intrusion
(Nagerl et al., 1991). In certain segmented arch
techniques, such as the three-piece intrusion arch, the
force, although mainly intrusive, also has a palatal
component that may change the theoretical center of
resistance. The segmented arch technique for upper
incisor intrusion offers many advantages and is often the
only effective method in clinical practice. However,
practical results may vary somewhat from their
theoretical background.

2. Location of the center of resistance of other groups of
teeth

Some authors determine centers of resistance based on
clinical observations and not on experimental or
laboratory data; therefore, their findings must be
examined critically (Papadopoulos and Christou, 2000).
The CR of upper incisors and first molars connected
through a segmented arch lies at the point of dissection
of the mid-sagittal plane and a plane parallel to the
frontal plane passing through the mesiobuccal roots of
maxillary first molars (Stoeckli and Teuscher, 1985).
Finally, the center of resistance of the upper arch with full
fixed appliances lies at the point of dissection of the mid-
sagittal plane and a plane parallel to the frontal plane,
passing through the roots of the two premolars and is
perpendicular to the occlusal plane (Stoeckli and
Teuscher, 1985).
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poviéno Bpnkav 6u 1o KEVIPo avtiotaons twv TE00ApwY
avw topéwv tonoBeteiton oto péoo oBemaio eninedo 4
mm niow ka1 6 mm ndvw and n xe1fikh Qatviakh akpo-
Ao@ia Twv KEVIPIKWV avw topéwv. O1 ouyypa@eis anédw-
oav tn diagopd pe us dnfes penétes otn xphon Pwioe-
AacukoU ufikou ka1 ato Sidotnpa wv 6 mm nou unnp-
xe peta&u tou nAayiou dvw topéa Kal tou Kuvddovta.
Yndpxouv nofnés epyacies yia tnv unepmia pPetakivnon
v avw topéwv. Evdeikukd avapépoupe pepikés o1 onoi-
€S Xpno1onolouv S1apopeTIkA KEVipa avtiotaons.

O1 Park ka1 ouv. (2000) 10xupizovial du enétuxav napdn-
AnAn petakivnon twv npooBinv dovuwy pe éva clotnua
lever-arm ko yAwooikd aykuiia xwpis va avagépouv 1o
Kévipo avtiotaons twv dovuwv napd pévo to oxediaocav.
O1 Choy ka1 ouv. (2002) emvoouv éva cuotnpa (SDRS) yia
NV ungpwia petakivnon twv avw npoaBiwv, dev avagé-
pouv Guws oUte autoi 1o kévipo avtiotaons adnd povo 1o
oxebidzouv.

O1 Kim ka1 ouv. (2004) xpnaoiponoiotv tov C-lingual
retractor yia tnv unspwia petakivnon kar epuBubion wwv
avw npooBiwv. Na tov opioud tou Kévipou avtiotaons
twv dvw npooBiwv atnpizovian atn penétn twv Vanden
Bulcke ka1 ouv. (1986).

01 Guray ka1 Orhan (1997) xpnoiponololv e§waotopatkd
1660 (anterior headgear) y1a tnv ungp®ia petakivnon twv
avw npooBiwv. NMa va opicouv 10 kévipo avtiotaons twv
advw npooBiwv emAiéyouv v epyacia tns Melsen ka
ouv. (1990).

O Gjessing (1992) emvoei to eAathpio PG yia tnv unepw-
10 petakivnon twv dvw topéwv. Na 1o kévipo avtiotacns
v dvw npooBiwv xpnolyonolei tov opioud tou
Pedersen.

Lus epyaocies autés avapépovial ato Bewpnukd péPos o1
apxés flgltoupyias ToU OUCTAPATOS MOU MPOTEIVETal yia
vV unepWIa petakivnon twv avw npooBiwv, HePIKES
Qopés kanola nepapaukd dedopéva kar téfos napouaid-
zetan éva kvikd nepiotaukd oto onoio deixvetar n Ael-
toupyia tou pnxavhpatos. Ta cuothpata autd eival
buokofo va ouykpiBoUv petafl tous éxouv Opws Mia
owoth Bewpnukn Bdon kai ta anoteféopata toufdaxiotov
ota kMvikd neprotaukd sivan e§mpeukd. O1 nePIoadTEPOI
ouUYYpaQeis xpnolponoloUv duvdpels h o duvdapels kai
ponés yia tnv £A€n twv avw topéwv N wv avw npoabiwv,
emnéyouv éva KEVIPO avtiotaons Xwpis OPwSs va UNApxel
Suvatétnta va kpivoupe noios ival 0 cwatds opiIopds h
av undpxel owatds. O1 opiopoi Opws twv Pedersen kai
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CONCLUSIONS

The center of resistance of single-rooted teeth is located
between 33% and 42% of the root length when
measured from the alveolar crest.

The center of resistance of a group of teeth varies
according to the number of teeth. Most research studies
concern maxillary incisors and maxillary anterior teeth.
However, there are serious objections about CR location
during palatal movement and intrusion, which may
challenge the clinical orthodontist. Furthermore, our
knowledge concerning the factors affecting the location
of the CR of tooth groups is very limited; this may be due
to the fact that these factors are not easily measured in
groups of teeth; e.g., what root length or what alveolar
plate height should be measured when intrusion of the
four upper incisors is attempted? Perhaps mathematical
models will resolve this issue in the future. However, an
orthodontist treats patients rather than centers of
resistance. If a method is successfully tested in the clinical
practice, a clinician may use it.
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ouv. (1991) ka1 twv Melsen kar ouv. (1990) Bpiokovtal
nonU kovtd o évas pe tov dnno.

Ané v avaokonnon wns BiBioypagias yiveta pavepod
Ou 01 NEPICOATEPOT EPEUVNTES TS NEIPAPATIKES TOUS EQYA-
oies bev efetdzouv éva eviaio kévipo aviotaons twv
Sovumv afid to kévipo avtiotaons Katd v unepwia
petakivnon h tnv euBubion xwpis va ava@épovial ot
annes pop@és petakivnons twv dovuwv (Haonukh petaki-
vnon, k.A.n.) (Dermaut ko Vanden Bulcke, 1986; Vanden
Bulcke ka1 ouv., 1986; Vanden Bulcke ka1 ouv., 1987;
Yoshida ka1 ouv., 2001b). Zta ocupnepdopatd tous Kavouv
avagopd otn Béon tou Kévipou avtiotaons Katd tnv une-
pwia petakivnon n v guBuBion ndaviote Opws o€ pia
Sidotaon.

Akopa ka1 o1 Epeuvniés nou e€€tacav 1o KEVIPO avtiowa-
ons KAtd tnv unep@Ia petakivnon kal tnv euBubion énws
o1 Pedersen ka1 ouv. (1991) oto 1610 kpavio ka1 o1 Vanden
Bulcke ka1 ouv. (1986) ka1 Vanden Bulcke ka1 ouv. (1987)
o 6Uo xwpiotés epyacies pe napduoia pebodonoyia dev
avagépouv 6u ta duo Kkévipa cupnintouv.

To kévipo avtiotaons twv dovuwv pnopei va Sapépe
avanoya pe tn S1ietBuvon tns epappozdépevns Suvapns.
To kévipo avtiotaons n.x. evos povéppizou dovuou dia-
QEPEl OTNV UMEPWIA petakivnon kar otnv euBubion
(Nagerl ka1 ouv., 1991). Ze Op1OPEVES TUNUATIKES TEXVIKES
onws 1 TUNPaukd 1o TPV Tepaxiwv (three-piece
intrusion arch) n dUvapn, av ka1 givar kupiws epuBubions,
€x€1 Ka1 pia ungpia ouviotoa n onoia dpws iows anfd-
zg1 10 Bewpnukd kévipo avtiotaons. H tunpaukn texvikh
yia tnv euBUbion twv dvw topéwv éxel noANd nlsovektn-
pata ka1 noAnés gopés atnv kaBnuepivh kMvikh npdaén
givar n povn anotefeopaukh. Mapodna autd, ta npakukd
anoteféopata pnopei va Sagépouv Aiyo n noAd and ta
Bswpnukd.

2. ©¢0n ou kévipou avtigtaons dAfwv opadwv dovudv

Opiopévor ouyypaeis opizouv kévipa avtiataons otnpizo-
pevol o€ KAVIKES Napatnpnaogls kal Oxi o€ nepapauxd n
epyaotnpiakd Sedopéva Kal eNOpéVwSs ta EUPNUATA TOUS
npénel va egetdzovian pe peyann npocoxn (Papadopoulos
kan Christou, 2000). To kévipo avtiotaons Twv Avw TOpéwY
KOl TV NP@IWV YOUQiwv o1 onoiol ouvbéovtal He éva Tun-
pauké t6go Bpioketan oto onpeio topns tou péoou oBedi-
aiou emnébou ka1 evos emnédou napdAAnAou e 10 Petw-
maio nou nepvda and us gyyus NAPEIAKES PizZES TV NPOIWV
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avw povipwv yopiwv (Stoeckli kan Teuscher, 1985).
TéRos 10 Kévipo avtiotaons tou dvw odovukou gpayuou
o onofos ouvdéetal pe akivnies opBodoviikés OUOKEUES
Bpioketan oto onpeio topns tou péoou oBeMaiou emné-
bou ka1 evos emnédou napdnAniou e to petwmaio Ko
Siépxetan petall twv pizaov wv dU0 npoyouiwv Kai
givar kdBstn oto ouykieiolakd eninebo (Stoeckli ko
Teuscher, 1985).

LYMMNEPAZMATA

To kévipo avtiotaons wwv povéppizwv dovudv Bpioketal
avapeoa oto 33-42% tou PAKOUS NS pizas 6tav n pétpn-
on yiveton and tn gawiakn akpoloia.

To kévtpo avtiotaons pias opddas dovuwmv dapéper avd-
doya pe tov ap1Buéd wwv dovuwv. O1 NEPICOOTEPES EPEU-
VES €XOUV Yivel yia tous dvw topeis kal tous vw npoobi-
ous. Mapéa autd, undpxouv coBapés diapuwvies yia 10
KEVIPO avtiotaons 1000 KATA TNV UNEPWI PETakivnon
600 Ko katd v euBubion o1 onoies mBavov va npoBin-
patizouv tov kfvikd opBodovukd. Emniéov o1 yvawoels
pas yia tous napdyovies nou ennpedzouv tn Béon tou
Kévipou avtiotaons opddwv dovuwv givan noAU nepiopi-
opéves iows engidn o1 napayovies autoi givan Suokono va
petpnBoUv og opddes dovuwv (n.x. No1o UYos tns pizas
Ba npéna va petpnBei 1 nolo UYos gatviakou netdfou
otav emxeipeitan euBUBION WV TECOAPWY AVW TOPEWV).
Tows ta pabnpatkd poviéda pnopécouv oto péAnov va
npooeyyioouv nepiocotEPO autous tous napdyovies. O
opBodovukds Opws bev Bepanele kévipa avtiotaons
Oepanevel aoBeveis. Eav pia péBodos éxer dokipaotei k-
VIKG pe emuxia Ba npénel va tn Xxpnoiponoiei.

AieuBuvon yia avatuna:
Iwdvvns . MNanayewpyiou
B¢eooanias 27

15772 Zwypdagpou

E-mail: papagir@otenet.gr
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