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MEPIAHWH

270 GpBpo auté yiverar avaAuTiKj napouciacn TG CUCKEUNG
Pendulum yia myv dnw perakivion twv npdrwv dvw youpiwy
Kai nepiypdgerai 1 dpdon mg. H ouokeur autrj napoucidlei To
nAgovékTnua Ot Oev anaitei 1) ouvepyaoia Tou acdevij kai eni-
TUyXGvel onpavriky Gnw petakivnon Twy npwTwyv aAAd kai Twy
Oeutepwy dvw pdvipwy yopgiwy. H enidpaori g eivar kupiwg
odovroparviaki) aAAd éyouv naparnendei kai éupeceg emndpa-
OEIG, OKEAETIKEG, KUPIwG oTn karakdpuen didoraor). H ouokeurj
Pendulum anoreAei éva aidnioro péoo emdoyrig yia myv dnw
HETakivnon Twv Gvw POVIHWY YouPiwy.

AEZEIY KAEIAIA: Zuokeur Pendulum, énw perakivion npdirwy
dvw yopuiwv, ouykAeioakij avwpaia Tééne Il.
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EIZAINCOIrH

To nio ouyvd fowg npdBAnua 1o onofo kakeftal va avrr
perwnioel o opdodoviikdg oMy kadnpepivy KAIVIKH
npdén eival N Gnw Perakivorn twv npwiwy avw pOVIHwyY
youpiwv. 2mv op8odovrikr BiBAioypagia avapépo-
vial noMof 1pdnor yia v eniteuén autol Tou anoteAé-
opatog onwg n xeron efwotoparnkol 1¢ou 1 KVt
OUCKeUWY Nou anaifolv dpwg T ouvepyacia tou acde-
vii [Haack kar Weinstein, 1958; Hersey xai ouv.,
1981: Ritto, 1995; Ceflin kar Ten Hoeve, 1983:
Proffit, 1980). To veyovdg autd odfynoce omy enivon-
on Sidpopwv akivniwy eVOOOTOPATIKWY OUCKEUWV Ol
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ABSTRACT

This paper describes in details the Pendulum appliance and its
use for the distal movement of first maxillary molars. This
appliance has the advantage that it does not require patient
compliance and achieves significant distal movement of
maxillary first as well as of second permanent molars. Its effect
is mainly dentoalveolar, but indirect effects, mostly skeletal,
have also been observed on the vertical dimension. The
Pendulum appliance is a reliable alternative for the distal
movement of first maxillary molars.

KEY WORDS: Pendulum appliance, distalization of maxillary
first molars, Class Il malocclusion.
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INTRODUCTION

The most common problem that the orthodontist
routinely faces in clinical practice is the distal
movement of first maxillary permanent molars. In
achieving this goal, a variety of means are reported
in the orthodontic literature, such as the use of extra-
oral forces or removable appliances that,
nevertheless, require patient compliance (Haack and
Weinstein, 1958; Hersey ef al., 1981; Rito, 1995;
Cetlin and Ten Hoeve, 1983: Proffit 1980). This fact
resulted in the infroduction of different fixed infraoral
appliances for the same purpose which, however,
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Eikéva 1. H ouokeun Pendulum é§w and tnv otopatikr koi-
Aétnta pe evepyonomnuéva gxatripia yia dnw petakivnon
Twv Gvw poVIHWY youpiwy.

Figure 1. The Pendulum appliance with the springs activated
for distal maxillary molar movement.

onoieg Spwg eiyav and epBiopnyaviki aGnoyn opioué:
veg napevépyeleg (Carano kai Testa, 1996; Gianelly
kal ouv., 1991: Wilson ka1 Wilson, 1984 Jones kai
White, 1992; locatelly kai ocuv., 1992; Reiner,
1992: Jeckel kar Rakosi, 1991).

‘Eva ané 1a olyypova péoa yia my dnw perakivnon twv
nowiwv avw POVIHwY yougiwy eival n  ouokKeun
Pendulum (Eikéveg 1 kal 2) n onoia nepiypaenke and
fov Hilgers 10 1992. To évopa g ouokeuriq
(Pendulum = exkpepég) npoépyerar and my kivnon
1aAdviwong v onoia ekreholv 10 eAamjpia and mv
péon YPAPUR G Unepwag éwg TOUG UNEPWIOUG OWANT
viokoug Twv OakuAiwy Twv youiwv. H cuokeury aum
Sewpeftal eEENEn piag nalidrepng ouckeurg Tou enr-
vonmy Mg yia Sielpuvon MG dvw yvadou kar tautd-
Xpovn o1po®n kal dnw Hetakivon Twy npwiwy dvw You-
piwv (Hilgers, 1991).

ENAEI=EIX KAI ANTENAEI=EIX

H epappoyrj mg ouokeurig Pendulum evdeikvurar ong
&g nepIntioeIg:

(a) EMeyn ywpou oro dvw odoviikd 1680 and eyyig
petakivnon Twv nEwiwy avw POVIHWY YOUPIwy.

(B) 2uykAeioiakd npoBAfjuara Tééng Il, 1ng kamyopiag
(Eikdveg 3 kar 4) f Tééng II, 2ng kamyopiag.

EAAHNIKH OPOOAONTIKH EMIOEQPHZH 2002 ¢ TOMOZ 5

50

Eikéva 2. H ouokeurj Pendulum tonoBetnuévn oto otdua.
Tornof€tnon twv eAatnpiwv oToug owANVIoKoug Twv you-
piwv.

Figure 2. Intraoral view of the Pendulum. Spring engagement
in the molar sheaths.

presented cerfain biomechanical side effects (Carano
and Testa, 1996; Gianelly ef al., 1991; Wilson and
Wilson, 1984; Jones and White, 1992; locatelly et
al., 1992; Reiner, 1992: Jeckel and Rakosi, 1991).
One of the modern means for the distal movement of
first upper permanent molars is the Pendulum
appliance (Figures 1 and 2], which was first
described by Hilgers in 1992. The name of this
appliance is derived from the swinging movement that
is performed by the springs from the mid-palatal line
fo the palatal sheaths of molar bands. This appliance
is considered an improvement on an older appliance
infroduced by Hilgers for maxillary expansion and
simullaneous rotation and  distal movement of first
upper molars (Hilgers, 1991).

INDICATIONS AND
CONTRAINDICATIONS

The use of the Pendulum appliance is indicated in the
following cases:

(a) Lack of space in the upper dental arch due to
mesial movement of first upper molars.

(b) Class Il, division 1 malocclusions (Figures 3 and 4)
or Class II, division 2 malocclusions.

(c) Patients who are non-compliant with the use of
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Eikéveg 3 kar 4. ZuykAeioiakry avwpadia TaEng I, 1ng katnyopiag pe évseiln yia epappoyr tng ovokeurig Pendulum.

Figures 3 and 4. Case of Class ll, division 1 malocclusion with indication for Pendulum use.

[y} TpdBAnpa omv ouvepyacia tou acdevr| yia mv
epappoyr] efwortoparnkol 1ééou.

Kipia aviévdeidn epappoyiic ng ouokeuig Pendulum
anoteAel n 1éon yia npéodia avewypévn OAén 1 n
Unapén auénuévou katw npdodiou GPoug Tou NEOCLY:
nou pe onio8ia orpoef MG kaw ywadou (Hilgers,
1992). H epappoyr g ouokeurig Pendulum avievder-
kvutal eniong, oUppwva e OPICPEVOUG EPEUVNTEG, STav
undpyel éviovn 148 I okehenkrig amoloyiag (Byloff
kai ouv., 1997: Gosh kai Nanda, 1996).

MEPITPAP®PH THX >XYZKEYHX

H ouokeur Pendulum (Eikéveg 1 kai 2) anoreAeiiarl and
éva nadnrkd kal and éva evepynrkd Tprua.

To nadnmkd 1ipa G cuokeurg anoteAeial and pia 1po-
nonoinuévn nAdka Nance n onoia ompigtal croug npwr
ToUG MpoyOpeIoug Mg Gvw ywadou (Eikdveg 1, 2 kar 5).
¥m ouokeur] Pendulum n akpuAiki nAdka viverar oo 1o
Suvatd peyaAltepn €0l Gote va epnodiCeral o 1pauparn
OHOG Twv PHAAGKWY I0TWV TG UNEPWAS KaTd TV peTakivn-
on 1wv dvw youpiwv. [1pénel va anéyel nepinou 5 IA.
and 1a dévia yia va anogelyel 10 ayyeiakd Oikiuo nou
Bpioketal kovid ce autd kal va enmpénel tov kadapioud
toug (Eikéva 5). H ompikikr] povada pnopel va evioyu-
Sel eminMéov pe npoodrikn aykiotpwy oroug Seliepoug
veoyINoUg yopgioug 1 npoydupious (Hilgers, 1992).
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headgear (extra-oral forces).

The main contraindication of Pendulum application is
a tendency for anferior open bite or the presence of
increased lower anterior facial height with tendency
for posterior mandibular rofation (Hilgers, 1992). In
the view of several authors, this appliance should not
be used in cases of severe skelefal Class Il (Byloff ef

al., 1997: Gosh and Nanda, 1996).

DESCRIPTION OF THE
APPLIANCE

The Pendulum (Figures 1 and 2) includes a passive
and an active component.

The passive component of the appliance is a
modified Nance bution cemented onto first upper
premolars (Figures 1, 2 and 5). In the Pendulum, the
acrylic plate is consfructed so as to cover the largest
possible area in order to avoid frauma of the soft
palatal fissues during upper molar movement. It
should have a 5-mm clearance from the teeth so as
fo avoid the adjacent vascular network and allow for
footh cleaning (Figure 5).

The anchorage unit can be further reinforced with the
addition of brackets on the second primary molars or
premolars (Hilgers, 1992).
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Eikéva 5. Epappoyry tng ouokeuri¢ Pendulum yia tnv dnw
peTakivnon twy npwtwv dvw youpiwv. Evepyonoinon twv
eAatnpiwv pe ywvia nepinouv 45°.

Figure 5. Application of the Pendulum for distal molar
movement. Spring activation at a 45° angle.

H cuokeun nepihapBaver dlo ehammpia 1a onoia evow
patdvovial oto oniodio Tufipa NG akpuAikig NAGKag
oxeddv napdMnAa npog m péon unepwia pagn (Eikd
veg 1 kar 5). To erel8epo dkpo Twv eAampiwv autdv
epappdel otoug CwAnviokoug Twv yopgiwy (Eikdva 6)
efaokaviag €rol TIg anapaiiieg SUVAEIS yia TV anw
HeTakivnon 1wy youPiwy.

Ta ehamjpia tou pnyavriparog  karackeudlovial and
olppa TMA, eneidr] autd 1o olppa éxel xapnAd Adyo
opriounapapdeewong kar peydAn eiaoctikémra oe
oxéon pe 1a olppara and avolgidwio xdAuBa enimpéno-
VIag HeyaAeG evepyonoIfoeIG pe PIKPEG QUVALEIS.

Ta ehamjpia anorerolviar and éva opildviio Apa 1o
onofo elcépyeral oTouG UNEPWIOUG OWANVIOKOUG Twv
SakuAiwv Twv youpiwy, pia piker opiddviia aykiAn npo-
OapHOYNG, HIa KAEIOT] eAIKOEIOH aykUAN kadwg kal pida
aykUAn ocuykpdmmong Tou ehatmpiou o1o akpuAikd (Eiké
veg 5 kai 6). Yipgwva pe tov Hilgers (1992) 1a eharrr
pla neénel va eivar onoBempéva 6oo 1o duvard nio
KOVIG OTo KEVIPO NG Unepwiag nAdkag, v n dlapdp-
PWON TwV AYKUAWY Toug Yiveral 6oo 10 duvatd nio Kovid
o10 Gnw TPAPa NG unepwiag nAdKag €rol Wote va enr
1pénetal ) Gvern npdoBaon oto akpuAikd yia kadapid
mra. H onodémon twv ehampiwv doo 10 duvard mio
KOVIG 01O KEVIPO TNG Unepwiag NAAKAg yiverar 1ol WoTte:
- va auénBei, kard 1o duvard, n akriva dpdong 1oug,
- va eninpéneral n e0koAn elcoddG ToUG ooV UNEPWIO
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Eikéva 6. Apdon petd and 3 eBdopddeg. Enavevepyornoinon.

Figure 6. Appliance effect after 3 weeks. Reactivation.

The appliance includes two springs incorporated in
the posterior part of the acrylic plate almost parallel to
the mid-palatal suture (Figures 1 and 5). The free ends
of these springs are engaged in the molar sheaths
(Figure 6], thus applying the forces necessary for distal
molar movement.
Appliance springs are constructed with TMA  wire,
because this wire is characterized by low load-
deflection ratio and great elasficity in comparison fo
stainless steel wires, thus allowing for long activation
with low forces.
The springs consist of a horizonfal part engaged in the
palatal sheaths of molar bands, a small horizontal
adjustment loop, a closed spiral loop and a loop for
the retention of the spring within the acrylic (Figures 5
and 6). According fo Hilgers {1992), springs should
be positioned as close as possible to the center of the
acrylic plate, whereas loop formation is performed as
near as possible fo the distal part of the acrylic plate
in order fo allow easy access to the acrylic so as to
facilitate cleaning. The springs should be as close as
possible fo the center of the acrylic plate so as fo:
- increase their range of acfion fo the maximum;
- allow for their easy engagement in the palatal
sheath of molar bands, and
- reduce forces o an acceptable level.
Spring activation is most efficiently performed before
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L JIAHPONOYAQY kar awv: H auokeuri Pendulum yia Ty dne perakivion Tev npérev dve yopgiav

OWANVIoKO Twv OAKIUAIWY TwV Youpiwy, Kal

- va pelw8olv or duvapelg og éva anodektd eninedo.
H evepyonoinon twv ehampiwv yiveral nio anotreAeopa-
1k npiv n ouokeur] tono8emdel oto orépa. Eav anar
Teftal onpavikr anw perakivnon twv dvw youpiwv 1a
ehamjpia 8a npénel va evepyonoindolv ol wote va
eival napdMnha omv péon unepwia papr 1 k&ddera
OT0 OWPa NG CUCKeurG. H kauyn aut twv ehampiwv
npokaAel evepyonoion 60° perd mv eicodd Toug
OToUG  UNEPWIOUG  CWANVIoKoUG. 2Z0ppuwva  pe  Tov
Hilgers (1992) kard mv tono8émon 1wv ehampiwy
OTOV UNEPWIO CWANVIOKO Twv OAKTUAIWY Twv YOUPIwY
xéveral 1o éva 1pi1o NG evepyonoinong, kai n evano-
pévouoa nieon yiverar e0koAa avekr and tov aodevr).
AviiBeta o Byloff kai Darendeliler {1995) evepyonor
olv kard 45° (Eikéva 5] pe anoréheopa va ypeidlovial
NePICOOTEPEG EVEPYOMOINOEIG KaTd TV OIdpKeld NG
Sepaneiag. EmnAéov n 1éon 1wy yopgiwy va petakivi-
8olv npog 1a dnw eéaptérarl kar and mv ywvia €106
dou Tou eAatmpiou OToV UNEPWIO CWANVIOKO.

H ouokeuri Tonodeteital o1o otdua evepyonoinuév kal
ouykoMeftal ota dévna omjpiéng. Metd 1o €hog g
ouykdbMnong 1a eiarjpia tonodetolvial oTov UnepWIo
owAnvioko, pe My Bor8eia piag névoag kal oradepor
noiolvial pe ehaorikr fj cuppdnvn npdodeon (Eikdva
2). To péyedog twv duvapewv nou efaokolvial oToug
yoppioug eivar 200-250 g. nepinou. H didpkeia
Sepaneiag pe m ouckeur] eivar nepinou 4-6 priveg.

ENEPIrOIrNnoiHx=H
THX ZY>ZKEYHZX

H ouokeurj Pendulum tono8ereitar oro orépa tou ac8e-
vi] evepyonoinuévn. Katd my enaveééiaon tou ao8evolg
1a ehampia anoonolvial and Tov UnepWIo CwAnvioko
kal eMéyxeral n nieon toug. Edv anarefiar enavevepyo-
nofnon aum yiverar pe perakivnon tou ehampiou npog
N péon ypappr]. 2uxva xpeideal evepyonoinon, OnAa-
Srj dvolypa, MG aykUANG NPOCAPHOYHG WOTE VA avTIp-
ponioBel n NPog 1 péon yPappr perakivion Twv you-
Piwv nou odnyel ce oraupoeldr olykieion (Eikdva O).

TPOINOINOIHZEIX
THX >Y>KEYHX

Eav xpeialerar eninAéov dielpuvon Tou dvw odoviikol
16€ou pnopei va evowpatwdel pia eéeAikipa omy akpu-
Ak nAGka. H ekdoyr| aut| Mg oucokeurig ovopdderal
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S.SIDROPOULOU ef ol The use of the Pendulum appliance for distal movement of first maxillary molars

the appliance is placed in the mouth. If significant
distal molar movement is desired, activated springs
should be parallel to the mid-palatal suture or
perpendicular fo the body of the appliance. Spring
bending results in o 60° activation following their
engagement in the palafal sheaths. According to
Hilgers {1992), one third of the activation is lost upon
spring engagement in the palatal sheaths of molar
bands and residual pressure is well tolerated by the
patient. On the other hand, Byloff and Darendeliler
(1995) apply a 45° activation (Figure 5); thus, further
activation is required during treatment. Besides, the
distal molar movement also depends on the spring
angle of entry into the palatal sheath.

The appliance is acfivated before it is placed in the
mouth and is cemented onto the anchorage teeth.
Following cementation, the springs are engaged in
the palatal sheaths with pliers and ligated with an
elastic module or a steel ligature (Figure 2).

The magnitude of the force applied on the molars is
nearly 200-250 g. Treatment time with this appliance
is approximately 4-6 months.

APPLIANCE ACTIVATION

The Pendulum is positioned in the patient’s mouth in an
activated state. At patient recall, the springs are
removed from the polatal sheaths to check on their
residual activation. Moving the spring towards the
midline reactivates the appliance. Often, the
adjustment loop does require activation, i.e., it is
opened to compensate for molar movement fowards
the midline that may lead to cross-bite (Figure 6).

APPLIANCE MODIFICATIONS

If additional expansion of the upper dental arch is
required, an expansion screw may be incorporated in
the appliance. This version of the appliance is known
as 'PendX'. One week following appliance
positioning, the expansion screw is acfivated one
quarter of a furn every three days in order to achieve
slow, stable expansion.

Scuzzo et al. [1999) suggest that the horizontal loop
of the appliance springs should be reversed to allow
for translafion of first upper molars. This version of the
appliance is known as "M-Pendulum”.
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1 JIAHPOMOYAQY ko awv: H auokeuri Pendulum yia Ty dne perakivion Tev npérev dve yopgiav

«PendX». H e&ehikipa evepyonoieitar éva #apio mg
ompo@ric k&Oe T1peig pépeg, pia eBOopdda perd v
Tono8émon Tou PnxavAparog €1l Wote va NMEoKaAe(al
pia apyn oradepr| diedpuvon.

Oi Scuzzo kai ouv. [1999) nporeivouv My aviicipogn
NG opildviiag aykiANG Twv eAampiwy MG CUCKEUAG
€101 WoTe va enITEénel TV NApaMNAn petakivnon Twv
npwiwv dvw yopiwv. H ekdoyxi aum g ouokeurg
ovopaeral «M-Pendulum».

la va auéndel n ompikiky Ikavoia MG CUCKeUAG Ol
Cosh kai Nanda [1996] cuviciodv va nepihapBévovial
oty ompién ol KuvOOOVIEG Kal Of TopelG kadwg kal va yive:
1al nAjeng k&dAuyn Mg unepwag and my akPUAIKY nAGka.
O1 Wong kar ouv. [1999) ypnoiponoiody anhd dykr
o1pa yia mv ompién oToug NPoYSUPIoUS Tou NadnTikol
HEPOUG NG OUCKEUNG.

APASH THX XY>KEYHZX

H ouokeurj Pendulum emdpd ora déviia kar oma 1pia
enineda 1ou xwpou kadwg Kal ong PATVIaKEG ano@l-
oelG. Avapépovial eniong Kal OKEAETIKEG eMIOPACEIG

and myv xprjon mg.

OAONTOO®ATNIAKH APAZH

Enidpaon oroug youpioug: O1 Byloff kar Darendeliler
(1997) avagépouv o1 n napampolpevn dnw peraki-
vnon 1wv npwiwy dvw pévipwy Yopeiwy eivar kard péoco
6po 3,39 yA., o Ghosh kai Nanda (1996) 3,37
xIA., o1 Byloff kai ouv. (1997) 4,14 yi\. (Eik. 7), evid
ol Bussick kai McNamara (2000) 5,7 xih. H peraxi-
vnon aut Sev eival napdAMnAn aMd yiverar pe kanoia
anékhion (8,36%14,50°). O Byloff kai cuv. (1997)
loxupiCoviar on n andkAion auty pnopei va ehamwdel
edv yivouv kdpyeig avépdwong ota ehatipia ald o
xpovog Sepaneiag pe m ouokeury Pendulum auéaveral
katd 64, 1% evi napampeital kal pia pikpr| enimAéov
anwAeia ompiéng omv nepioxr] Twv dvw Topéwv. Av Kal
ol Hilgers (1992) kai Cobo kar ouv. (1999) cuvr-
oolv n anw perakivion Twv nPwiwy dvw youpiwy va
yiveral npiv mv avatoAn Twv OeuTEpwy Gvw YOoupiwy, ol
Chosh kai Nanda (1996) kai Byloff kai Darendeliler
(1997) édeikav om 10 o1GdI0 avarolig Twv Oeutépwy
youpiwy Sev ennpedlel 10 nood MG dnw perakivnong
WV NEWIWY Avw HOVIPWY YOUPIwY. 2ZUUwva [E TOUG
Gosh kai Nanda (1996 olre aur n ompikikr pové-
da ennpedleral onpaviikd and 1o o1ddIo avatoAig Twv
SelTepwv YouPiwv.
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To increase the anchorage capacity of the appliance,
Gosh and Nanda (1996) recommend the inclusion of
canines and incisors in the anchorage unit and the
complete coverage of the palate with the acrylic plafe.
Wong et al. [1999) use simple brackets for anchoring
the passive part of the appliance on the premolars.

EFFECTS OF THE PENDULUM
APPLIANCE

The Pendulum acts on the teeth and the alveolar
processes on all three planes of space. Skeletal effects
have also been reported due to its use.

DENTOALVEOLAR EFFECT

Molar effect: Byloff and Darendeliler (1997) report
that the distal movement of first maxillary molars
observed is, on average, 3.39 mm, Ghosh and
Nanda (1996) report 3.37 mm, Byloff et al. (1997)
4.14 mm (Fig. 7), whereas Bussick and McNamara
(2000) report 5.7 mm of molar movement. The type
of movement observed is not franslation, but a certain
degree of fipping (8.36°14.50°). Byloff et al.
(1997) claim that this tipping may be reduced by
uprighting spring bends; nevertheless, treatment time
with the Pendulum is increased by 64.1% while a
small additional anchorage loss at the upper incisor
region is also observed. Hilgers (1992) and Cobo et
al. (1999) propose that distal molar movement should
be performed before eruption of second upper
molars; nevertheless, Ghosh and Nanda (1996 as
well as Byloff and Darendeliler {1997) have showed
that the eruption stage of second molars has no effect
on the magnitude of first upper molar distal movement.
According to Ghosh and Nanda (1996), the eruption
stage of second molars does not have any significant
effect on the anchorage unit either.

Hilgers (1992) reports that the effectiveness of distal
molar movement is significantly enhanced if the Pend-
X appliance version is used, that is, if active
expansion is performed simultaneously. On  the
confrary, the anchorage unit does not seem to be
affected. Byloff et al. (1997, using a sample of 20
Class Il patients, 8 individuals freated with the Pend-X
appliance and the remaining 12 with the standard
Pendulum appliance, observed no difference in the
anchorage unit.
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L JIAHPONOYAQY kar awv: H auokeuri Pendulum yia Ty dne perakivion Tev npérev dve yopgiav
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Eikéva 7. EniSpaon tng ouokeurs Pendulum otoug yoppi-
oug (Byloff kai Darendeliler, 1997; Ghosh kai Nanda, 1996;
Byloff kai ouv., 1997).

Figure 7. Pendulum effect on the molars (Byloff and
Darendeliler, 1997, Ghosh and Nanda, 1996; Byloff et al.,
1997).

O Hilgers (1992] avagéper o1 n anoreAeopankoma
NG Gnw perakivnong twv youpiwy auéaverar kard noAd
e&v xpnolponoindei n exdoxr} PendX mg ouokeurg
Pendulum npayparonoidviag dnhadi cuyxpdvws Kal
evepyr] dielpuvon. AviiBera n ompikrikr] povada Oev
paiveral va ennpedlar kaddhou. O Byloff kar ouv.
(1997) dianiotvouv én Sev undpyel diapopd om ot
pIKTIKI) povdda. Autol ypnoiponoincav éva Seiypa 20
ardpwy pe ouykAeioiakd npoBAjpara Tééng Il ex twv
onofwv o 8 8epanelinkav pe m ouokeur] PendX evd
ol undroinor 12 pe mv kavovikr ouokeurj Pendulum.
O delrepol Gvw youiol perakivolvial pe andkAion
npog 1a anw Aiydtepo and o1 o NPwiol aAG eninAé-
ov kai napeiakd. O Ghosh kar Nanda (19906) eferé-
(oviag éva Seiypa 31 aoBevav pe Taén Il napampoiv
o1 ol Oeltepol Gvw Yopgiol Perakivolvial Npog 1a anw
katd péoco 6po 2,2/ xIA. eviy 10 anotélecpa NG Opd-
ONG G OUCKEURG OTOUG TPITOUG Youdioug rfrav noAd
pikpd (Eikéva 7).

Exiég and mv dnw perakivnon twv npwiwy Gvw youeiwy
n ouokeurj Pendulum pnopel va npokalécer ennAéov
uikprp epBi8ion toug. Or Byloff kai Darendeliler
(1997]) xpnoiponoiwviag éva Seiypa 13 arduwy napa-
mpouv én ol npwrol dvw pévipol yopgior epbudifovial
katd péco épo 1,17 xiA. ce oxéon pe 10 cuykAeiolakd
eninedo  (Eixéva 7). O Bussick kar McNamara
(2000) oe éva noAl peyalirepo defypa anoreholpevo
and 101 aodeveig Bpiokouv euBudion fon pe O,/ xIA.
H epBidion 1wv npwiwv Gvw yopgiwy cuvoéeral age:
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Eikéva 8. Enidpaon tng ouvokeur¢ Pendulum otn otnpiktikr
povdda (Byloff xai Darendeliler, 1997; Ghosh kai Nanda,
1996, Byloff kai ouv., 1997).

Figure 8. Pendulum effect on the anchorage unit (Byloff and
Darendeliler, 1997, Ghosh and Nanda, 1996; Byloff et al.,
1997).

Second maxillary molars are moved with lesser distal
fipping than first molars, but they are also tipped
buccally. Ghosh and Nanda (1996], examining a
sample of 31 Class Il patients, observe that second
upper molars are moved distally over an average of
2.27 mm, whereas the effect of the appliance on
third molars was minimal (Figure 7).

The Pendulum, besides distal molar movement, may
further cause mild molar intrusion. Byloff and
Darendeliler {1997), in a sample of 13 individuals,
observe that first maxillary permanent molars are
infruded at an average of 1.17 mm in reference to the
occlusal plane (Figure 7). Bussick and McNamara
(2000), in a sample of 101 patients, observed 0.7 mm
of molar infrusion. First upper molar infrusion is affributed
fo inhibition of the vertical growth of the alveolar
processes due to the fixed appliance and fo the infrusive
forces exercised by the tongue on the appliance.

The Pendulum also causes buccal tipping of maxillary
molars. According to Ghosh and Nanda (1996), this
buccal fipping is greater on second than first molars,
as well as on the mesiobuccal rather than the
distobuccal cusps. The mesiobuccal rotation of first
molars has positive treatment effects, because it favors
good intercuspation between upper and lower molars
and creafes additional space because of the molar
anafomy.

Effect on the anchorage unit: The Pendulum also acts
on the anchorage unit. Ghosh and Nanda (1996),
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1 JIAHPOMOYAQY ko awv: H auokeuri Pendulum yia Ty dne perakivion Tev npérev dve yopgiav

V&G eV e Ty avaotor] G karakdpueng aténong twv
Paviakwy anopioewy and v otadepr] cuokeur] ape:
épou pe 11 duvapelg euBidiong nou efackel n yAdo-
oa o1o Pnyxavnua.

H ouokeur; Pendulum npokalei emnMéov napeiakr
andékAion Twv Gvw yoppiwy. Xipgwva pe 1oug Ghosh
kal Nanda (1996) n andkhion aur eival peyahirepn
ooug Oeltepoug and o1 OToug NPWIOUG YOPPIOUG
kadwg kar ora eyyig napeiakd eupara and én ora anw
napeiakd. H eyl napeiakr orpoer] twv npwiwv dvw
pOVIHWY youiwv éxel Oetikd anoteAéopata om Sepa-
nefa yiar euvoel apevdg pev v ouvyopewon peradl
wv Avw Kal Katw yopgiwy, aperépou Ot efoikovopel
eninAéov Xwpo Adyw NG avatopiag Tou yopgiou.
Enidpaon om ompiknki povada: Enidpaon mg
OUCKEURG napampeital eniong om ompikikr povada.
O1 Ghosh kai Nanda (1996, Byloff kai Darendeliler
(1997) kar Bussick kar McNamara (2000) avagé-
pouv &1 or npoyopelol petakivolvial Npog 1a eyyig
(1,63 xiA- 2,55 xiIA.) pe andkhion, eviy napampeial
ouyxpdvwe pia piken unepékpuor] toug. Or dvw Topeig
napoucidlouv eniong pia ik XeIAIK - andkAion
(Ghosh kar Nanda, 1996) (Eikéva 8).

IKEAETIKH APAXZH

210 obeAiaio eninedo dev napampeital onpavikr eni-
Spaon g ouckeurig. Aviideta oto karakdpuPo enine-
So or andyeig diforaviar. O Hilgers (1992) enionuaf-
vel v 1éon yia avewypévn Orén oo npdodio urua 1ou
16¢ou katd v dnw perakivnon Twv yopgiwy. H 1éon
autr diopdwverar ouvidwg autdpata otoug aodeveig
He Bpayl 1no npoownou evw avridera eival npdBAnua
otoug aoBevelg pe 10No enipfikoug npoownou, 1I8iwG ot
autolg e avwpaAn karénoor).

O1 Bussick kar McNamara {2000) napampolv pia
aténon tou k&t npdodiou UPoUG ToU NPOCWNOU HETd
n Sepaneia pe m ouckeur fon pe 2,2 xiIA. AviiBera
Spwg and 1ov nponyolpevo ouyypagéa ioxupilovial
o1 n aténon aur Tou katw npdodiou UPous Tou NPo-
ownou efval idla oe dSAoug ToUG KaATaKSPUPOUG TUNOUG
ToU NPOCWNOU.

O1 Ghosh kai Nanda (19906) petd 10 hog ng Sepa-
nefag pe m ouokeur] Pendulum Bpiokouv pikpr aténon
Tou kédrw npdodiou Gyoug Tou npoownou (2,79 xiA.),
piker aténon g ywviag tou eninédou g kédiw yvadou
katd 1,09° kal peiwon Mg karakdpuepng enikdAuyng
katd 1,39 yiA. katé péoo Spo.

AviiBeta o1 Byloff kai Darendeliler (1997) Sev Bpf-
oKouv Kdnola onpavrikr enidpacnh MG CUCKEURG OTO
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Byloff and Darendeliler (1997) and Bussick and
McNamara (2000) report that premolars  move
mesially {1.63 mm — 2.55 mm) with tipping, while
small extrusion is also observed. Maxillary incisors

also show small labial fipping (Ghosh and Nanda,
1996 (Figure 8).

SKELETAL EFFECT

No significant appliance effect is observed on the
sagiffal plane. On the confrary, there are conflicting
views concerning its effect on the verfical plane.
Hilgers (1992) stresses the tendency for open bite in
the anterior dental arch during distal molar movement.
This open bite tendency is usually spontaneously
corrected in shortfaced patients, whereas problems
arise with longfaced patients, especially those with
abnormal swallowing patterns.

Bussick and McNamara (2000) observed a 2.2 mm
increase of lower anterior facial height following
freatment with this appliance. These authors, in
contrast to Hilgers, claim that the increase is similar for
all vertical facial types.

Ghosh and Nanda (1996), after treatment with the
Pendulum, observe the following:

- small increase in lower anterior facial height (2.79),
- small increase in the mandibular plane angle by
1.09°, and

- overbite decrease by an average 1.39 mm.

On the contrary, Byloff and Darendeliler (1997) found
no significant appliance effect on the vertical plane,
maybe because of first upper molar intrusion, which
counterbalances any possible opening of the bite
following the distal movement and fipping of the
molars. Nevertheless, these authors note that it is
difficult to direct the verfical component of the force of
the Pendulum appliance.

Conlflicting views concerning appliance effects on the
vertical plane are possibly due to, on the one hand,
different measurements used by different authors and,
on the other hand, the degree of molar intrusion
during treatment, which directly depends on the type
of appliance acfivation. However, any increase of
lower anterior facial height observed is small, ranging
between 2-3 mm. Nevertheless, in certain individuals
with excessive lower anterior facial height even this
small increase is undesirable. In these cases,
alternative therapeutic means should be used as
reporfed in Pendulum appliance contraindications.
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Eikéva 9. Apdon petd and 12 eBouadeg. OAokAripwon tng
dnw petakivnong twy npwtwv kai SeUTEPWY Avw HOVIHWY
you@iwv.

Figure 9. Appliance effect after 12 weeks. Completion of
distal movement of first and second maxillary permanent
molars.

katakdpupo eninedo nmdavédv Adyw g epbidiong twv
npwiwv dvw yopgiwv n onoia avipponel 10 mdavd
avolypa g oféng Adyw g dnw perakivnong kar and-
KAIong Twv dvw youdpiwv. [lapdia autd ol nponyolpe:
VoI ouyypagei avagpépouv Ot Oev eival eUkoAo va
KkateuBUvoupe TIG KATAKOPUPEG CUVIOTWOES Twv OUVANE-
wv om ouokeur] Pendulum.

O dlagoperikég andyelg yia m Opdon NG CUCKEUAG
o1o Karakopupo eninedo Midavwg ogeilovial apevog
Hev OTIG OIaPOPETIKEG PETPRCEIG MOU XPNOIHONOoIoUVIal
and 1oug cuyypageic aerépou Oe oty epbidion fj un
Twv yopiwv katd m didpkeia Mg Sepaneiag yeyovog
nou efapraral dueca and 10 nNwg evepyonoleal n
ouokeur]. [apdha autéd n napampolpevn adénor tou
ké1w npdodiou Uyoug Tou npoownou, drav aut ava-
épetal, eival pikpr petadl 2-3 xIA. 2e opliopéva dropa
OPWG pe NOAU peydho kdiw npdodio lyog 1ou Npoour
nou akdua kar aum n aténon Sev eivar enBuunti. 2e
auté 1a aropa 8a npénel va eniAéyeral éva GhMo Bepa-
neunkd péoco kar &1 n ouokeur] Pendulum énwg avo
éperal ong avievoei€eig MG CUoKEURG.

SYTKPATHXZH TOON TOMDICON
META THN AINO METAKINHXEZH

Metd 10 hog MG dnw perakivnong Twv youpiwy (Eikd-
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U

Eikdva 10. MetaBoAés andé tn S6pdon tng OUOKELNS
Pendulum apéowg petd tnv agaipgor} tng.

Figure 10. Changes due to the Pendulum appliance directly
after its removal.

MOLAR RETENTION
FOLLOWING DISTAL
MOVEMENT

Following distal molar movement (Figures @ and 10),
molar refention and stabilization is performed with o
TPA or a Nance acrylic plafe anchored on first
permanent molars (Figure 11). Refention may be
reinforced with fixed appliances and  confinuous
archwire with omega loops mesial to the molars on
the upper dentfal arch or with a passive utility arch.
Treatment is completed with fixed orthodontic
appliances (Figure 12) to obfain full occlusal
relationships (Figure 13).

CONCLUSIONS

Distal movement of first maxillary permanent molars
with the Pendulum appliance is achieved in a short
fime. The presence of second maxillary molars in the
dental arch creates no problem during this movement,
since second molars also move distally. When the
Pendulum is used, patient cooperation is not required.
The effect of the appliance is mainly dentoalveolar,
but skeletal effects on the vertical plane may also be
achieved. The mild, confinuous forces exercised by
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Eiéva 11. Zuykpdtnon twv yoppiwy e urepwio té&o evw yive-
Tar €N Twv Seutépwy nMpoyoppiwy LE EAAOTIKEG aAUOIOEG.

Figure 11. Molar retention with a TPA, simultaneous to
premolar retraction with elastic chains.

Eixéva 12. Epappoyn akiviitwv 0pOoSovIIKWY GUOKEVWV.

Figure 12. Fixed orthodontic appliances.

veg @ kai 10), n ouykpdmon kai oradeponoinor toug
yivetal pe epappoyr] unepwiou 16E0U 1 e AKPUAIKA
nhdka Nance nou ompileral otoug NPWIoUG PAVIPOUG
yoppioug (Eikéva 11). H ouykpdmon pnopel va evr-
oxu8el pe Tonodémon oro dvw odoviikd 1&éo akiviiwy
HNXQVIOHWY kal ouvexolG olUpPatog pe aykUAeG wpéya
eyyig Twv Gvw yoppiwv rj nadnmkol 16éou utility. H
Sepaneia ohokAnpuwveral pe epappoyr akivniwy opdo-
Sovrikwv cuckeuwv (Eikdva. 12) yia m nAjpn anoka-
1G0Ta0n Twv ouykAeiolakwv oxéoewv (Eikdva 13).
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the two springs of the appliance achieve distal molar
movement without significant negative effects on the
anchorage unit. Following removal of the appliance,
maximum anchorage of first upper molars is necessary
during refraction of the canines and incisors for
freatment completion.

The Pendulum appliance is a reliable alternative in
clinical practice for distal movement of first maxillary
permanent molars.
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Eikéva 13. Anokatdotaon oxéong Tdéng | atoug yoppioug
kar 816pOwan tng ouykAgioiakrg avwpadiag Taéng Il, 1ng
katnyopiag petd tnv odokArjpwon tng Oepaneiag.

Figure 13. Class | molar relationship and correction of Class I,
division 1 malocclusion following treatment completion.

SYMITEPAZMATA

H dnw perakivnon twv npwiwy avw povidwy youpiwy pe
mv epappoy] g ouckeurig Pendulum enmuyyaverar oe
olviopo ypovikd didomua xwpig va epnodieral and
mv Unapén orov epaypd Twv Seltepwyv dvw youpiwy, ol
onoiol enfong perakivolvial npog 1a dnw. [a mv eni-
reuén 1ou anoteMéoparog Sev anarefial n evepydg
ouvepyaoia 1ou aoevr.

H enidpaon mng ouckeur|g eival kupiwg odoviikr aAd
Hnopel va éxel kal OkeAeTkd anoteAéopara ofo katakd-
pupo eninedo. O1 eAaPpES kal cuvexeiG Quvapelg nou
eéaokolvial and 1a Slo eAarpia TG CUCKEUNG ENITUY-
xavouv v Gnw Perakivnon Twv youpiny xwpig va enr
Baplvouv onuavikd mv ompikiikr povada. Merd mv
apaipeon MG cuckeurg eival anapalfinm n ompién Twv
npwiwv avw pévigwy yopeiny kadwg da éAkovial 1a
undroina dévria yia v ohokAipwon mg opdodovrr
kig 8epaneiag. H ouokeurj Pendulum anorelel éva
adiénioro epyakeio enhoyrig omv kAivikig npaén yia my
anw etakivnon twv npwiwv dvw POVIHWY YOUPIwv.
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