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RESUMO

O tratamento mais comum para a correcdo da madmxl@asse Il quando ndo ha uma
discrepancia esquelética severa, consiste naidétab dos molares superiores. Dentre as
estratégias utilizadas para este finrRendulumde Hilgers (PH), independe da colaboracao
do paciente para gerar resultados. Mesmo sendo rogagamente eficiente e eficaz,
apresenta alguns efeitos indesejados, como a agélin distal de molares superiores e a
projecdo dos incisivos superiores. Na tentativgom@@enir ou minimizar estes efeitos, um
parafuso distal para ativacdo foi incluido Rendulumoriginal, sendo o novo aparelho
denominadoPendulummodificado (PM). A literatura apresenta diversasudos clinicos
referentes ao PH e ao PM, porém, até a preserde glatece ndo existir um estudo que
compare os efeitos do PM aos do PH. O objetivoedgsabalho foi comparar os efeitos
dentérios do PM aos do PH, avaliando se a incldsaem parafuso distal produziria efeitos
gue justificassem seu uso. Foram analisadas telegrafias em norma lateral iniciais (T1), e
logo apds a distalizacdo dos molares superiore}, (@& 26 pacientes (12 homens e 14
mulheres, idade média 11.9 anos), provenientesésectinicas de ortodontia particulares
pertencentes a professores da Clinica do MestradOréodontia da Pontificia Universidade
Catodlica de Minas Gerais. Os critérios de inclufsam: (1) maloclusédo Classe Il segundo
Angle, definida por pelo menos uma relacdo molapkdmo terminal reto; (2) segundos
molares ndo erupcionados; (3) sem extracbes deeslgmérmanentes. A inclinacao,
movimentac&o horizontal e vertical dos primeirodares permanentes superiores e incisivos
centrais superiores foram medidas e comparadase emdr grupos. Os resultados
demonstraram que ambos os aparelhos distalizarameliearam distalmente o primeiro
molar superior, entretanto, ndo houveram difereegatisticamente significantes entre eles
(p<0.05). A projecdao do incisivo superior foi sign#ttvamente maior com o PM, no entanto,
ndo foram observadas diferencas estatisticas quasdgrupos foram comparados. N&o
houve extrusdo de molares superiores em nenhungrdpss. Este trabalho sugere que os
aparelhos PH e PM produzem efeitos dentéarios sisilapos distalizacdo de molares (T2),

apesar da diferenca design

Palavras-chave Cefalometria. Ortodontia. Ma-ocluséao.



ABSTRACT
Class Il malocclusion is a problem frequently emtteted in orthodontic practice. Treatment
for this condition, when there is no severe skélditscrepancy, is to move maxillary molars
distally. Among several strategies suggested amnditire, the Pendulum appliance introduced
by Hilgers (PH) is a noncompliance intraoral appdia used for molar distalization. It has
proven satisfactory clinical application, howevegiyes rise to the following appliance-
specific problem: distal tipping of molars crownsdancisors flaring. In an effort to prevent
molar tipping and anchorage loss, a distal savas incorporated into the standard Hilgers’
Pendulum, named the Modified Pendulum appliance)(AMe efficacy of both appliances,
PH and PM, has been clinically recognized and widdbcumented, but no study has
compared the dental effects generated by theseaapps. The aim of this study was to
compare the dental effects induced by PH and PM,tarevaluate if the incorporation of a
distal screw in the modified appliance was justifieventy-six patients (12 boys and 14 girls,
mean age 11.9 years) from the private offices ¢&c@ilty members of the Department of
Orthodontics of the Pontifical Catholic UniversafMinas Gerais were selected according to
the following criteria: (1) all were growing patisnwith Angle class Il malocclusion; (2) all
had not yet erupted second molars; (3) all weratde non extraction. Lateral cephalograms
were obtained at the start of treatment (T1) andraf super class | was achieved before
appliance removal (T2). The sample consisted of gwoups: group 1 (n=14) that wore the
standard Hilgers’ Pendulum (PH) and group 2 (n=ft¥jt wore Kinzinger’s modified
Pendulum appliancéPM).Crown tipping, sagittal and vertical changdsnwaxillary first
molars and central incisors were evaluated withShelentt test (x0.05). Results showed
that both appliances produced great amount ofldiateon and distal tipping of the maxillary
molars, but there was no statistical differenceveen them at T2 §9.05). Incisor flaring
was significantly greater in the PM group, howeves, significant differences were found
when both groups were compared. There was no ragteusion in either groups. The results
suggest that the treatment effects produced byvibetypes of Pendulum appliances were

similar in T2, in spite of their differences in dgs

Key words: Cephalometry. Orthodontics. Malocclusion.
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1 INTRODUCAO

Estima-se que um terco dos pacientes que pro@iteartento ortodontico apresenta
malocluséo Classe Il de Angle (BURKHARDT; MCNAMARBACETTI, 2003). Inimeras
estratégias tem sido utilizadas para o tratamesgtaccondicao, incluindo extracbes dentarias,
forcas extra-orais, elasticos intermaxilares, dpagefuncionais, ancoragem esquelética e
distalizadores intraorais (MOSSAZ; BYLOFF; KILIARIB, 2007).

Entretanto, a grande maioria destes aparelhos depsan colaboracdo do paciente,
gue é reconhecida como chave para o sucesso dmémtio ortoddontico (ANGELIERI et al.,
2006). Essa dificuldade estimulou pesquisadores esertvolverem novas técnicas e
aparelhagens para a distalizacdo de molares seendlpdo paciente (HILGERS, 1992;
GHOSH; NANDA, 1996 KINZINGER et al., 2000; PATEL &k,2009 ).

Varios aparelhos, conhecidos como distalizadorteadrais, tem sido utilizados para
correcdo da Classe II. Introduzidos principalmeatepartir de 1990, eles podem ser
dentomucossuportados ou dentossuportados, e temm caracteristica principal a promocao
da distalizacdo dos molares superiores independanteoperacao do paciente (FUZIY et al.,
2006). Diversos dispositivos sao sugeridos naalitea, entre os quais se destacam o sistema
com imas repelentes, as molas de niquel titAnlones-jig o distal-jet o pendulume as suas
versdes modificadas (GIANELLY; VAITAS; THOMAS, 198B8ONDERMARK; KUROL,
1992; JONES; WHITE, 1992, HILGERS, 1992; MUSE et #093; CARANO; TESTA 1996;
BYLOFF et al.,1997; KINZINGER et al., 2000; FUZIY et al., 2006; MNSSAZ; BYLOFF,;
KILIARIDIS, 2007).

O modo de acao desses aparelhos gera efeitos seiosnds vezes indesejaveis, que
podem comprometer a sua eficiéncia clinica. Deedtes, pode-se citar a mesializacdo dos
pré-molares e molares deciduos quando preseni@jedo dos incisivos superiores e a
extrusdo, disto-inclinacdo excessiva e rotacdo @wBneiros molares superiores
(PAPADOPOULOS; MELKOS; ATHANASIOU, 2010). Estes #fs sao inevitaveis, pois
sdo consequéncia da reacdo a forca utilizada patstalizacdo dos primeiros molares
superiores, porém, apresentam uma consideravedbilatade de acordo com o aparelho
utilizado.

Entre os aparelhos usados para distalizar molguesindependem da cooperacéo do
paciente, esta pendulunde Hilgers (PH) (HILGERS, 1992).

Devido a popularizacdo deendulum varias pesquisas vem sendo realizadas para

avaliar os efeitos dentérios e esqueléticos genadiosste aparelho (GHOSH; NANDA 1996;
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BYLOFF et al.,, 1997; BUSSICK, MCNAMARA, 2000; JOSHP BUTCHART, 2000;
KINZINGER et al, 2000; CHAQUES-ASENSI; KALRA, 2001; KINZINGER; WERBEIN;
DIEDRICH, 2005; FUZIY et al.,, 2006; KINZINGER; DIERICH, 2007; MOSSAZ,
BYLOFF; KILIARIDIS, 2007; PATEL et al., 2009).

Entre os efeitos adversos descritos na literatst&@oea perda de ancoragem anterior,
observada através da inclinacdo mesial dos préreso&aincisivos, e a excessiva inclinacdo
distal da coroa dos primeiros molares.

A fim de contornar os efeitos colaterais, algumteracdes foram feitas ao aparelho
original de Hilgers. A adicdo de uma dobra de galizacdo nas molas de titdnio molibdénio
para contornar os efeitos da inclinagéo indeseajiadamolares (BYLOFF; DARENDELIER,
1997); o uso de dobrdee-in para se minimizar a rotacdo mesial dos molares (B;
DARENDELIER, 1997; KINZINGER et al., 2000); a ingmracdo de um parafuso distal,
com o objetivo de se deslocar posteriormente oraet¢ rotacdo das molas de titanio
molibdénio, posicionando-o distalmente ao centraedgsténcia do molar (KINZINGER et
al., 2000). Segundo os autores, a ativacdo doysraiagital gera um deslocamento dorsal do
centro de rotacdo horizontal das molas deslocande-acordo com a distalizacdo dos
molares, resultando em uma modificacdo do arcauabadente € movimentado. O resultado
€ uma distalizacdo linear do molar, sem tendéneiecrdzamento da mordida no plano
transversal. As molas ndo necessitam de reativag@oral durante o tratamento e, no plano
sagital, os molares apresentam uma distalizac@&orge.

Apesar dos inameros estudos feitos nos ultimos @uise os efeitos desses
aparelhos, ndo ha um estudo comparativo entre aldédrito por Hilgers em 1992, e o
pendulum modificado (PM) descrito por Kinzinger @000. Assim sendo, 0 objetivo deste
estudo foi comparar os efeitos dentarios entrepasethos PM e PH avaliando se a inclusédo

de um parafuso distal produzira efeitos que jugtéim seu uso.
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2 OBJETIVOS

2.1 Objetivo geral

Comparar as mudancas dentarias ocasionadas petoHMH avaliando se a inclusao

de um parafuso distal produzira efeitos que jugtéim seu uso.

2.2 Objetivos especificos

a) avaliar a quantidade de distalizacao dos primemolares superiores;
b) quantificar a projecdo dos incisivos superiores;
c) dimensionar a inclinacdo dos primeiros molares rsoi@s e incisivos superiores;

d) estimar a extrusao de primeiros molares superemesisivos superiores.
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3 MATERIAL E METODOS

A amostra deste estudo consistiu de 26 pacienisné@ninos e 14 meninas, idade
meédia 11.9 anos), provenientes de trés clinica®rtmlontia particulares pertencentes a
professores da Clinica do Mestrado em Ortodonti@ alatificia Universidade Catdlica de
Minas Gerais (PUC Minas). Todos os pacientes fot@tados de acordo com o mesmo
protocolo em relacdo a ativagdo e acompanhamenfoadente. A confecgdo de todos os
aparelhos foi realizada em um mesmo laboratérioa Barem incluidos neste estudo, os
pacientes deveriam apresentar os seguintes csit¢tipmalocluséo Classe Il segundo Angle,
definida uma relacdo molar de plano terminal reto au bilateral; (2) segundos molares
permanentes ndo erupcionados; (3) sem extracodsrdes permanentes. Este trabalho for
aprovado pelo Comité de Etica da Pontificia Unidarde Catélica de Minas Gerais (CAAE-
0240.0.213.000-11).

Neste estudo, dois tipos deendulumforam utilizados: oPendulumde Hilgers,
denominado PH (HILGERS, 1992) e ®&endulum Modificado, denominado PM
(KINZINGER et al., 2000). Os pacientes foram didas em dois grupos: (1) pacientes que
utilizaram o PH (n=14), idade média 11,56 anos83Pe (2) pacientes que utilizaram o PM
(n=12), idade média 11,65 anos (+1,03). Ambos aaedipos consistiam de um botdo de
acrilico de Nance que foi estabilizado por quaitns,fos quais eram colados nas superficies
oclusais dos primeiros e segundos pré-molares JnptiBneiro pré-molar e segundo molar
deciduo (n=2), ou primeiros e segundos molaresddesi (n=6) (FIG. 1). Em todos os
aparelhos uma mola calibre 0.032" de titanio m@ibd (GAC, Central Islip, NY, USA) era
inserida em um tubo de barra palatina (0.036”) erge soldado nas bandas dos primeiros
molares superiores (FIG. 2). As molas eram ativeda$0° em relacdo a sua posicao passiva
inicial (FIG. 3) para exercerem uma forca entre.2{2. No Pendulumde Hilgers (PH) as
molas foram ajustadas durante o tratamento senygr@ecessario para o controle da rotacéao
e da dimensao transversa dos molares enquanto ssaaneeram distalizados. As molas do
PendulumModificado (PM) foram ajustadas uma Unica vez @udobra de verticalizacédo e
toe-innos molares, antes da colocacao do aparelhofipame ativacdo e controle rotacional,
transversal e de inclinacdo dos molares. O paratsativado ¥4 de volta a cada cinco dias
pelo paciente.

A Unica diferenca estrutural entre Rendulumde Hilgers (PH) e dPendulum

Modificado (PM) era a presenca de um parafuso dearesédo colocado sagitalmente,
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dividindo o botdo de acrilico de Nance. Enquanfmage anterior fornecia a ancoragem, a
parte posterior acomodava as molas de titanio méfilo (FIG. 1).

Figura 1: a. Pendulumde Hilgers (PH) eh. PendulumModificado (PM)
Fonte: Fotos da autora

Figura 2: Mola de titAnio molibdénio inserida no tubo dosn@iros molares
Fonte: Fotos da autora

Figura 3:Ativacéo das molas do aparelho em 60°
Fonte: Fotos da autora

Em ambos os grupos, PH e PM, as telerradiograffasi@ma lateral foram obtidas
antes do tratamento como parte da documentacamlificl); e quando a distalizagao

desejada dos molares era alcancada (relacdo de Slgmse I), antes da remocédo dos
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aparelhos (T2). A média de tempo entre a épocanstelacdo do aparelho até a tomada
radiogréfica pogendulum(T2) é de 4,29 meses (+1,44) meses para 0 PH & mekes
(x1,36) para o PM. Diferencas entre os génerosfar@amn consideradas uma variavel devido
a curta duracéo do tratamento comemdulum

Todas as radiografias foram tragadas manualmenteippomesmo examinador em
papel de acetato (StraightLine Acetate Tracing Ra@&H® WireCompany). Quando
imagens duplas dos molares eram visiveis, a imagam distal da radiografia que era
considerada para a realizacdo das medidas. Todgmmiss cefalométricos e as linhas
anatdbmicas foram conferidos por outros dois examores. Em caso de discordancia, as
estruturas em questdo foram retracadas até queesssim satisfatorias para todos os trés
investigadores. Na telerradiografia T1, uma cocadeaiX foi construida a 7° da linheella-
nasio (BURSTONE et al., 1970), e uma coordenad#foi construida passando pelo ponto
sella e perpendicular ao eixX (FIG. 4). Os tracados foram entdo scanneados (Epso
Perfection 1240U Version 1.00E, Copyright © 2001IKSE EPSON CORPORATION), em
uma resolucdo de 300dpi, e transferidos parsofoware Dolphin Imaging 11.0(Dolphin
Imaging & Management Solutions, Chatsworth, Catifé),onde todas as telerradiografias iniciais
(T1) e finais (T2) utilizadas neste trabalho foreatibradas a fim de eliminar as diferencas
proporcionais entre as imagens realizadas em teraposntros radiograficos diferentes.
Através destesoftware medidas lineares e angulares foram realizadas @aninimo de
distorcdo e alteracdo possivel, além da méaximaigé@cproporcionada pelo programa
(ERKAN et al., 2011).

O centroide foi o ponto escolhido para referencraslares (GHOSH;NANDA,

1996). Este € localizado no ponto médio entre amnwnvexidade distal e mesial da coroa
destes dentes, como visto na telerradiografia. Padeonizar a sua localizagéo, os primeiros
molares foram tracados com a ajuda de um mesmdatn(pécnica de SteinedOMAG),
tendo como referéncia a porcdo mais distal da imag primeiro molar superior localizada
mais distalmente na radiografia e a sua raiz dibtil determinado que a distancia entre a
maior convexidade mesial e distal da coroa do nadaemplate era de 12 mm. Sendo assim,
com uma régua padronizad&iflent Desetec-MOD 7130), o centréide era marcado em 6

mm.
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Os pontos cefalométricos utilizados foram (FIG. 4):

a) Sella(S): localizado no centro da sela turcica.

b) Nasio(N): ponto mais anterior da sutura fronto-nasal

c) Centréide do 1° Molar permanente superidvic): localizado no ponto médio
entre a maior convexidade distal e mesial da cdestes dentes.

d) Furca do 1° Molar permanente superi@¥r): usado para determinar o longo eixo
do 1° molar superior, esta localizado entre agsailistal e mesial deste dente, na
area da furca.

e) Incisivo Central Superiofls): localizado na incisal da coroa do incisivantcal
superior.

f) Apice da raiz do Incisivo Central Superiflsr): usado para determinar o longo
eixo do incisivo central, estad localizado no apit raiz do incisivo central

superior

Figura 4: Pontos cefalométricos: S, N, Mr, Mc, Is, Isr; Sistede coordenadas: X e Y.

Fonte: Criado pela autora atravésstétwarePaint (Windows 2007)

Para se obter medidas lineares em relacdo as ceol@® foram tracados planos
perpendiculares & eY (FIG. 5):



17

a) Planos perpendiculares<a
« Is-X: E a distancia medida entre o ponto de refgsédo incisivo central
superior (Is) até o eixA.
« Mec-X: E a distancia medida entre o ponto de referénwigrigneiro molar

permanente superior (Mc) até o eixo

b) Planos perpendicularesya
« Is-Y: E a distancia medida entre o ponto de refgsédo incisivo central
superior (Is) até o eixy.
« Mec-Y: E a distancia medida entre o ponto de refeigddo primeiro molar

permanente superior (Mc) até o eixo

Figura 5: Planos perpendiculares a X e Y: medidas lineares.

Fonte: Criado pela autora atravéssoétwarePaint (Windows 2007)

Para se obter medidas angulares em relacdo a ocadad foram tracados as linhas
gue representam o longo eixo do primeiro molar sape do incisivo central superior, e as
mesmas foram prolongadas &€¢ aonde o angulo formado distalmente foi medidana@o

representado abaixo (FIG. 6):
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a) Longo eixo do Incisivo Central superior (Is-Isr)nha passando por Is-Isr.
b) Longo eixo do 1° Molar permanente superior (Mc-Mrnha passando por Mc-
Mr.

Figura 6: Longo eixo do incisivo central superior e primainolar permanente superior a X: medidas angulares.

Fonte: Criado pela autora atravéssdftwarePaint (Windows 2007)

Os resultados angulares e lineares obtidos em rEinfcomparados aos em T2, em
cada paciente de cada grupo de aparelhos. Vergo##nqualquer intrusdo ou extrusao dos
incisivos centrais superiores e primeiros molatggesores eram medidas através dos planos
referentes a cada dente e perpendiculadésHorizontalmente, a quantidade de distalizacao
dos molares e projecédo de incisivos, foi avaliadacbrdo com linhas perpendiculare¥ a
saindo do ponto de referéncia dos dentes estudadpsntidade de inclinacdo dos incisivos
e molares foi determinada pela medida dos anguitbe @ planoX e o longo eixo destes
dentes.

Através dosoftware GraphPad Prism (GraphPad Software, San Diegofo@Gai,
USA) foi feita a analise estatistica dos resultaglosdos. O testé de Student pareado foi
utilizado para avaliar as diferencas em cada medidsr ou angular, entre T1 e T2. O tdste
de Student ndo pareado foi utilizado para anadisdiferenca T2-T1 entre os aparelhos PH e
PM, a fim de comparar os efeitos dentarios prodigzjgtlos mesmos.
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Dois meses ap0s a medida da ultima telerradiograflaradiografias selecionadas
aleatoriamente foram tragcadas manualmente e medidaamente através dsoftware

Dolphinimaging 11.0,pela mesma examinadora (F.A.A.). O erro de medM&) foi

calculado de acordo com a férmula de Dahlberg: ME/2n, aondel é a diferenca entre as

medidas obtidas @ a quantidade de medidas duplicadas (HOUSTON,1983grro de
medida obtido ndo foi maior que 0.3 mm para mediddsnétricas, e 0.2° para medidas

angulares avaliadas neste estudo.
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ARTIGO

Artigo a ser submetido ao periddico “American Jaliof Orthodontics and Dentofacial
Orthopedics”

“Comparison of dental effects of two different pahan appliances: Hilgers’ Standard
Pendulum and Kinzinger's Modified Pendulum.”

ABSTRACT

Introduction: The aims of this study were to compare the deetff@cts induced by the
standard Hilgers’ Pendulum (PH) and the ModifieddRéum appliance, and to evaluate if the
incorporation of a distal screw in the modified kgpce is justified.Methods: Twenty-six
patients (12 boys and 14 girls, mean age 11.9 yean® selected according to the following
criteria: (1) all were growing patients with Angbéass Il malocclusion; (2) all had not yet
erupted second molar; (3) all were treated noraettm. Lateral cephalograms were obtained
at the start of treatment (T1) and after a supesscl was achieved (T2). Sample consisted of
two groups: (1) PH group (n=14) and (2) PM groupl@®). Linear and angular measurements
were recorded to monitor crown tipping, sagittad &ertical changes of maxillary molars and
incisors. Mean differences between T1 and T2 dath differences in therapeutic effects
between the two groups were analyzed with the ®tutdest (p<0.05). Results and
conclusion: Both appliances showed great amount of distatimatiPH=3.37mm;
PM=3.00mm, p< 0.0001) and distal tipping (PH=13.29°; PM= 11.7p% 0.0001) of the
maxillary molars, but there was no statisticaletéince between them in T2(p05). Incisor
flaring was significantly greater in the PM groug55°, p< 0.0052), however, no significant
differences when both groups were compared. Thdtsesuggest that the treatment effects
produced by the two types of pendulum applianceeseveimilar in T2, in spite of their
differences in design.

Key-words: Class Il malocclusion- Lateral cephalogram- pémeiu— modified pendulum.

INTRODUCTION

Crowding and loss of space in the maxilla causedniegially drifted molars and
class Il malocclusions are problems frequently entered in the orthodontic practice. The
Class Il malocclusion is not a single problem. Wipdamning treatment, the clinician must
consider facial and dentoalveolar growth patteansh spaces, and the facial profile.

The traditional approaches to distalize maxillamlans include extra oral tractibf®
Wilson distalizing archés removable spring applianéesand intermaxillary elastic with

sliding jigS". However, these methods require patient complitmeehieve success.
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Several treatment strategies substantiated bycalirstudies and documented case
reports have been proposed to minimize the neepdtent compliance to achieve favorable
clinical results. These techniques include, repgllimagnets’, distal jet appliance$,
compressed superelastic and / or stainless stgalprmgs associated with different kinds of
fixed and Nance type of applianée$

Another popular method of maxillary molar distatina that requires less
cooperation is the pendulum appliance system intred by Hilgers' in 1992. The standard
pendulum appliance consists of a palatal Nance ocoemt with occlusal rests bonded to the
first premolars and to the second premolars or reeateciduous molars. The distalizing
mechanism consists of titanium molybdenum helidosgaings that are inserted in the palatal
sheaths of the molar bantfsHilgers' stated that approximately 5 mm of molar distalaat
occurs in a 3 to 4 months period. He also repoatedindesirable but very small anterior
anchorage loss expressed by mesial movement opréraolars and flaring of the upper
incisors. Other potential consequences of the dandappliances are palatal movements of
the first molars and the excessive distal tippihtheir crowns.

The introduction of an uprighting bend to countetaese side effects**did result
in reduced distal crown tipping of the first molaksowever, the treatment time increased
significantly because the distalization procedur@svdone in two phases: first, the distal
crown tipping and second, the root uprighting. $hely also showed more anchorage loss on
the maxillary incisors and premolars when compé#oetie standard pendulum appliance.

Kizinger!**>*®in an effort to prevent molar tipping, incorpochtedistal screw>*°
into the Nance acrylic plate associated with anigiting'® and a toe in beritlactivated
directly on insertion of the appliance. The autheported that the activation of the distal
screw displaced the center of rotation of the titammolybdenum springs distally, which
associated with the uprighting and toe-in bends/gared the undesirable distal tipping,
mesial rotation and palatal movements of the mblarfhere was also little anterior
anchorage loss.

The purposes of this cephalometric study was topesenthe dental effects produced
by the standard Hilgers’ Pendulum (PH) and the MlediPendulum appliance (PM), and to

evaluate if the incorporation of a distal screwthia modified appliance was justified.
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MATERIAL AND METHODS

Twenty-six patients, 12 boys and 14 girls, frone tbrivate offices of 3 faculty
members of the Department of Orthodontics of thatical Catholic University of Minas
Gerais were selected according to the followingeda: (1) all were growing patients with
Angle class Il malocclusion, defined by at leastead to end molar relationship; (2) all had
not yet erupted second molars; (3) all were treatedextractionThis study was approved by
the Ethics Committee of the Pontifical Catholic Wity of Minas Gerais.

The sample consisted of 2 groups: (1) consisteldi atients (5 boys and 9 girls)
with a mean age of 11.56 years (+0.89 years) tla¢ the standard Hilgers Pendulum (PH);
and (2) 12 of patients (6 boys and 6 girls) witlme@an age of 11.65 years (x1.03 years) that
wore the Modified Pendulum appliaric§PM). The mean treatment time period between
appliance installation and the post pendulum radjolg (T2) was 4.29 (PH) (x 1.44) and 4.16
(PM) (£ 1.36) months (Table ). The differentialogith rate between genders was not
considered as a variable due to the short treattimeat

The Pendulum appliances were the only interventiotil a super class | molar

relationship was achieved and all of them were nigdihe same technician.

Table I. Mean and standard deviation for ages and for duratf Pendulum intervention
Mean age at T1 Mean age at T2 Mean treatment time

Total sample (n=26)
Group 1 (PH) =14 1156y 389y) 12.15y (£ 0.96 y) 4.29 mo (= 1.44 mo)
Group 2 (PM) =12 11.65y (£ 1.03 y) 12.15y (x3y) 4.16 mo (= 1.36 mo)

Both appliances consisted of a palatal Nance coeoanchored to the first and
second premolars (n=18), first premolar and secmwiluous molar (n=2) or first and second
deciduous molars (n=6), with bonded wires. Thevacsiprings were constructed with 0.032”
titanium-molybdenum wire (GAC, Central Islip, NYS4) and inserted in the 0.036” palatal
sheaths of the first molar bands. The springs veetevated 60° on the sagittal plane to
produce a force of approximately 2 to 2.5 N peegieig 1). Adjustments of the springs were
made during treatment, as needed, to control ootatind palatal movements of the first
molars in the group 1 patients (PH). The groupt®pts (PM) were instructed to activate the
distal screw % of a full turn every 5 days and #ipeings were adjusted with the vertical

uprighting and toe-in bends only once before th@iapce was inserted.
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The only difference between the appliances wastaldscrew incorporated into the
Nance acrylic plate of the Modified Pendulum thiaided it in 2 parts: one, anterior, utilized

for anchorage and another posterior containinditheium molybdenum springs (Fig 2).

Fig 2.a.PH and; b.PM

Cephalometric Measurements

The lateral cephalograms were obtained at the stareatment (T1) as part of the
patient’s initial records and after a super class$ achieved before appliance removal (T2).

Steps were taken to minimize errors of tracing aneéasurements that could
confound the results. To secure the proper locatfdhe cephalometric landmarks one author
(FAA) traced all cephalograms that were later wedifoy 2 other examiners (IA and HRL).
Any disagreements were resolved by retracing thénteark or the anatomical structure to the
satisfaction of both examiners. In case of doublage of the upper first molars, the most
distal one was traced.

It has been documented that the cephalometric pegila S) andnasion(N) are
affected by growth. Apposition in the glabella wgimoves point N forward and might
displace it upward or downward. The eccentric reaiod of sella turcica results in a
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displacement of point S backward, and either upwarddownward. To minimize these
sources of errors, the S-N line defined on the fateral cephalogram (T1) was transferred to
the second one (T2) with the tracing registerethercranial basé®

The lateral cephalometric radiographs of the pédiat T1 and T2 were traced and 6
landmarks and 6 reference lines were located oh ®acing. The landmarks were Se{lg),

N (Nasior), Is (Incisal edge)/sr (Incisor root apex)Mr (Molar furcation) andMc (Molar
centroid)(Fig 3).

Centroid point was constructed for the crown of riexillary molar as the midpoint
between the greatest mesial and distal convexitii@fnaxillary first molar crown, as seen on
the lateral cephalograms.

The following reference lines were traced: (1N 3ine formed by connecting the
points S and N; (2) coordinate X axis, line constied through sella drawn at 7 ° to the S-N

line?®, (3) coordinate Y axis, line passing through spéapendicular to the X axis. (Fig 3).

Fig 3:Landmarks and reference lin&; sellg N, nasion Mr, molar furcation Mc, molar
centroid Isr, incisor root apexls,incisal edge X, X axis Y, Y axis

Linear and angular parameters were measured (Fid-idgar measurements (in
millimeters): (1) Is — X, distance from Is to theaXis measured perpendicularly to the X axis,
used to assess the vertical position of the uppasar; (2) Is —Y , distance from Is to the Y
axis, measured perpendicularly to the Y axis usedstess the anterior-posterior position of
the upper incisors; (3) Mc-X, distance from Mc e X axis, measured perpendicularly to the
X axis, used to evaluate the vertical positionhef tfirst molar; and (4) Mc -Y, distance from
Mc to the Y axis, measured perpendicularly to thexys, used to evaluated the anterior
posterior position of the upper first molar .

Angular measurements (in degreeg)isisr.X, the inner angle formed by the long
axis of the upper incisors (Is-Isr) and the X ax®y; Mc-Mr.X, the inner angle formed by the
long axis the first molar (Mc —Mr) and the X axighe angular measurements were used to
evaluate the amount of tipping of the first molansl the incisors.
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Fig 4.Linear and angular measurements.

All tracings were digitized Scanner Epson Perfection 1240Wersion 1.00E,
Copyright © 2001, SEIKO EPSON CORPORATION) and gmetl with Dolphin Imaging
11.0 software(Dolphin Imaging & Management Solutions, Chatswpi€alifornia, USA).
The software also corrected the image magnificaactors*.

Data analysis

Means and standard deviations were calculatedlfga@ables. The paired student T
test was used to compare before and after treatmer#surements. To compare the
differences between the 2 groups and the treattmaat an independent T test was utilized.
The statistical analysis were made with the Grapgh®&sm (GraphPad Software, San Diego,
California, USA). The level of significance in teudy was at §0.05.

RESULTS

Comparison of the mean treatment time between gralpand 2 revealed no
statistically significant differences (table 1).

The mean treatment changes and standard deviarensummarized in table Il for
group 1 (PH) and table Il for group 2 (PM). Conipans between the two groups are on
table IV.

To verify the error of measurement 10 randomly el lateral cephalograms were
traced and measured twice eight weeks apart bgdahee examiner. The measurement error

was calculated with Dahlberg’s formula: ME##/2n*®*°The overall measurement error of

the various measurements was no greater than 0f8mthe linear measurements and 0.2°

for the angular measurements.
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Maxillary first molar positional changes

The mean distance Mc-Y decreased significantlyathtgroups indicating that the
first molars were displaced posteriorly. The medfednces AT2-T1) were -3.37mm =+
1.53mm and -3.00 mm = 1.71mm for group 1 and 2aesgely (tables Il and 111).

The angle Mc-Mr.X decreased -13.29° + 4.68° and74.% 5.33 for group 1 and 2
respectively. These mean differences indicatedyaifgiant distal tipping of the upper first
molars.

The decrease of -0.42mm £ 2.15mm (group 1) andBrdmM + 4.59mm (group 2) for
the measurement Mc-X revealed a slight but notifsegmt intrusion of the upper first molars
in both groups (tables Il and 111).

Comparison of linear measurements Mc-Y and Mc-X| @iie angular measurement
Mc-Mr.X between the two groups revealed no sigaificdifference. This indicates that both
Pendulum appliances (PH and PM) efficiently digtdi the upper first molar but also caused

similar distal crown tipping (table V).

Maxillary incisor positional changes

The only statistically significant difference wdsetangular measurement Is-Ir.X in
group 2 that increased 3.55°+ 3.54° indicatinghglitaring of the upper incisor. The amount
of 1.60°+4.70° found in group 1 was not statisticaignificant. When the two groups were
compared there was no statistically significanfedédnce (tables 11, 11l and IV).

Treatment changes between T1 and T2 in each grmuadig@mparisons between them
were not statistically significant for the lineaeasurements Is-Y and Is-X (tables II, 1l and
V).

Table II- Treatment changes for group 1 (PH- Standard kilgeendulum)

T1 T2 Mean differencdT2-T1) p value
Mc-Y (mm) 32.58 +4.28 29.20 + 4.50 -3.37 £1.53 <0.0001*
Mc-X (mm) 59.84 + 3.16 59.42 + 2.68 -0.42 +2.15 NS
Is-Y (mm) 68.16 + 4.28 68.61 + 4.61 0.44 £2.02 NS
Is-X (mm) 72.56 + 3.90 73.54 + 4.09 0.97 £ 2.67 NS
Mc-Mr.X (°) 75.79 £ 6.03 62.50 £5.75 -13.29 + 4.68 p<0.0001*
Is-Ir.X (°) 105.60 + 8.47 107.20 + 9.39 1.60 £4.70 NS

* Statistically significant at 90.05;NS, not statistically significant
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Table IlI- Treatment changes for group 2 (PM- Modified Peuh)l

T1 T2 Mean differencdT2-T1) p value
Mc-Y (mm) 29.86 + 4.34 26.86 + 4.34 -3.00+1.71 <p.0001*
Mc-X (mm) 55.73 £ 6.09 55.73+5.39 -0.43 £ 4.59 NS
Is-Y (mm) 63.93 +6.42 64.75 + 5.86 0.81 +2.47 NS
Is-X (mm) 769.45+7.11 69.13+6.91 0.32+4.54 NS
Mc-Mr.X (°) 72.72+6.42 60.96 +7.21 -11.76 +5.33 p<0.0001*
Is-Ir.X (°) 106.7 £ 6.90 110.30 + 6.69 3.55 +3.54 p<0.0052*

* Statistically significant at 90.05;NS, not statistically significant

Table IV- Comparisons between group 1 (PH) and group 2 (PM)

AT2-T1 AT2-T1
PH (n=14) PM (n=12) p value
Mc-Y (mm) -3.37 £1.53 -3.00+1.71 NS
Mc-X (mm) -0.42 +2.15 -0.43 +£4.59 NS
Is-Y (mm) 0.44 £2.02 0.81 +2.47 NS
Is-X (mm) 0.97 £ 2.67 0.32+4.54 NS
Mc-Mr.X (°) -13.29 +4.68 -11.76 £5.33 NS
Is-Ir.X (°) 1.60+£4.70 3.55+3.54 NS

* Statistically significant at 90.05;NS, not statistically significant

DISCUSSION

Growing children with dental Class Il and modersieletal discrepancy represent a
great percentage of orthodontic patients. To cothes type of malocclusion, we compared 2
types of pendulum appliances to evaluate the desifaelcts at the end of first molar
distalization phase.

The primary purpose of this study was to verifytlie new pendulum design
recommended by Kinzingér would significantly reduce the excessive distallandipping
and the flaring of the upper incisofs**?4%2%2feported in the literaturavith the use of the
standard Hilger's penduluf.

Only dental effects were analyzed in our sample.cofding to several
authorg?>26:282930%he skeletal changes during pendulum applianceaplyeare relatively
unimportant. The brevity of the therapy alone wos#egm to indicate that no change is to be
expected on the patient’s skeletal developmenthiBistudy, no skeletal measurements were
evaluated , because at T1 the subjects had naaapph on, and at T2 they still had them on,
bonded to the occlusal surfaces of premolars andlgeus molars which would compromise

any comparison.
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The results of this study revealed that the difiees in the dental effects between
the 2 types of appliances, the Hilgers’ penduluid)(&nd the Modified pendulum (PM) were

modest, at best.

Maxillary first molar positional changes

In our study both types of pendulum generated aifssgnt amount of distalization
similar to other appliances such as the headfeard the Jones Jfg.Kinzinger et af°
reported in his study an amount of molar distalmasimilar to our findings for the modified
pendulum appliance and the standard pendulum. Tdate confirm that both appliances
produce the desired distalization effect.

The modified pendulum appliance introduced by Kigeir et d° and utilized in this
study, is supposed to reduce the distal crownriggpwhich is an undesirable effect of the
standard Hilger's pendulufiThis is possible by incorporating uprighting befds the
titanium molybdenum springs and by changing thenter of rotation through the activation
of a distal screw incorporated into the acrylic plate.

In our study the comparison between the two appéianPH and PM, revealed no
significant differences in the amount of distaliaatand distal crown tipping. Our data does
not agree with the studies of Kinzinger €f4f**who reported a significant reduction in the
distal crown tipping.

It has been reported that distal crown tippinghef inaxillary first molar is enhanced
when the second molars are not fully eruptétor when either both deciduous molars or the
second deciduous molar and the first premolar seel as anchorage unifs.

The difference between our results and Kinzindgfscannot be attributed to the
type of anchorage unit because the studies didseparate the groups according to this
variable. It can neither be attributed to appliadesign because construction, frequency and
amount of activation were as similar as possibledth studies. A possible explanation is the
absence of fully erupted second molars. In our $angll the maxillary second molars were
not fully erupted while in Kinzinger’'s the subjediad second molars in different stages of
eruption, including fully eruptetf-?

In previous studies with the standard pendulum iappé, a constant rise in
distoinclinatory moments was registered with insheg distalizatio”** Increased tipping

with increased distalization was also found inghesent study.
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The amount of intrusion of the upper first molaraswnot significant and it is in
agreement with the literature that has shown thatgendulum appliances does not cause

molar extrusiort?2:24

Maxillary incisor positional changes

The amount of labial displacement and flaring & tipper incisor for both groups in
our study is in agreement with the literatlité®*>?2?%% The significant difference
encountered in group 2 (PM) might be attributedh® extra activation of the distal screw
every five days.

Comparison between the two groups did not revedl statistically significant
difference. Both appliances affected the maxillangisor similarly and the significant
difference found in group 2 was too small to baichlly relevant.

Several studiég?833

reported that when only premolars are used foharage the
dentoalveolar side effects are least pronounceitienregion of the incisors and premolars.
Our data cannot confirm that because the groupe wet analyzed according to the type of
anchorage unit. An evaluation of the positionalnges of the premolars was not done in our
study because the different stages of eruptioh@premolars and limited number of subjects
did not allow accurate qualitative and quantitativeasurements.

The amount of vertical change in the maxillary soecs in the study was not
significant and our findings are in agreement Wit literature->1341>24

The mean treatment time of both appliances wasealatuated in this study and the
results revealed no statistically significant diéflece between them. Variables such as missed
appointments and breakages did not seem to intexf@th the duration of the pendulum
therapy. The scientific literature has no data #tatistically analyzed the mean treatment time
differences between the standard Hilgers’ penduémd the Modified pendulum. Thus a
comparison cannot be made.

Further studies covering vertical and sagittal nmosets of anchorage units

(premolars and deciduous molars) and molar rotaimuld be carried on.
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CONCLUSION

Based on the cephalometric results of the predeny,sthe following conclusions

can be drawn:

a) There were no statistically significant differendasthe dental effects, such as
molar distal tipping and distalization, producedriy and PH.

b) Incisor flaring was significant for the PM groupovirever, not significantly
different when compared with the PH.

c) There was no molar extrusion in both appliances.

d) The incorporation of a distal screw to the pendulappliance did not bring any
significant clinical advantage that could justify use.

REFERENCES

10.

11.

12.

13.

14.

Melsen B. Effects of cervical anchorage during aftdr treatment: an implant study.
Am J Orthod 1978;73:526-40.

Baumrind S, Molthen R, West EE, Miller DM. Distasgdlacement of the maxilla and
the upper first molar. Am J Orthod 1979;75:630-40.

Piva LM, Brito HHA, Leite HR, O’Reilly M. Effectsfocervical headgear and fixed
appliances on the space avaiable for maxillaryrsg¢ooolars. Am J Orthod
Dentofacial Orthoped 2005;128:366-71.

Muse DS, Fillman MJ, Emmerson WJ, Mitchell RD. Madad incisor changes with
Wilson rapid molar distalization. Am J Orthod Defaimal Orthop 1993;104:556-65.
Cetlin NM, Ten Hoeve A. Non extraction treatmen€lih Orthod 1983;17:396-413.
Gianelly AA, Vaitas AS, Thomas WM. The use of magrte move molars distally.
Am J Orthod Dentofacial Orthop 1989;22:40-4.

Bondemark |, Kurol J. Distalization of maxillaryd$t and second molars
simultaneously with repelling magnets. Eur J Ortth682;14:264-72.

Carano A, Testa M. The distal jet for upper moliatalization. J Clin Orthod
1996;30:374-80.

Gianelly AA, Bednar J, Dietz VS. Japanese Niti€oised to move molars distally. Am
J Orthod Dentofacial Orthop 1991;99:564-6.

Jones R, White J. Rapid class Il molar correctigh an open coll jig. J Clin Orthod
1992;26:661-64.

Hilgers JJ. The pendulum appliance for Class llcoompliance therapy. J Clin Orthod
1992;26:706-14.

Joseph AA, Butchart CJ. An evaluation of the peadudistalizing appliance. Semin
Orthod 2000;6:129-35.

Byloff FK, Darendelier MA. Distal molar movementing the pendulum appliance.
Part 2: the effects of the maxillary molar rootigpting bends. Angle Orthod
1997;67:261-70.

Byloff FK, Darendelier MA. Distal molar movementing the pendulum appliance.
Part 1: clinical and radiological evaluation. An@ethod 1997;67:249-60.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

31

Kinzinger GSM, Fuhrmann R, Gross U, Diedrich PR.dified Pendulum appliance
including distal screw an d uprighting activatiam hon compliance therapy of class II
malocclusion in children and adolescents. J Or@fehop / FortschrKieferorthop
2000;61:175-90.

Kinzinger GSM, Wehrbein H, Diedrich PR. Molar digtation with a modified
Pendulum appliance- In vitro analysis of the fosgstems and in vivo study in
children and adolescents. Angle Orthod 2005;75%k8-

Kinzinger GSM,Diedrich PR. Biomechamics of modifiedndulum appliance —
Theoretical considerations and in vitro analysighefforce systems. Eur J Orthod
2007;29:1-7.

Dahlberg G.Statistical methods for medical anddgadal students. New York:
Interscience Publications; 1940

Houston The analysis of errors in orthodorim J Orthod Dentofacial Orthop
1983;83:382-90

Bjork A, Skieller V. Postnatal growth and developrhef the maxillary complex,
monograph no. 2. Craniofacial Growth Series. Anhokr Center for Human Growth
and Development; University of Michigan; 1976. f-99.

Wieslander L. The affect of orthodontic treatmenttloe concurrent development of
the craniofacial complex. Am J Orthod 1963;49:15-27

Ghosh J and Nanda RS.Evaluation of an intraorallfagxmolar distalization
technique. Am J Orthod Dentofac Orthop 1996;110:489

Burstone CJ, James RB, Legan H, Murphy GA, NortdnCephalometrics for
orthognathic surgery. J Oral Surg. 1978 Apr;36@9:27.

Erkan M, Gurel HG, Nur M, Demirel B.Reliability ébur different computerized
cephalometric analysis programs. Eur J Orthod 204.

Bussick TJ, McNamara JA Jr. Dentoalveolar and saketdhanges associated with the
pendulum appliance. Am J Orthod Dentofacial OrtB600;117:333-43

Burkhardt DR, McNamara Jr JA, Bacetti, T. Maxillanplar distalization or
mandibular enhancement: A cephalometric compa$@omprehensive orthodontic
treatment including the pendulum and the Herbsliapges. Am J Orthod Dentofacial
Orthop 2003; 123:108-16.

Fuziy A, Almeida RR, Janson G, Angelieri F, PinZarBagittal, vertical and
transverse changes consequent to maxillary mataldiation with the pendulum
appliance. Am J Orthod Dentofacial Orthop 2006;%8@:10.

Kinzinger GS, Fritz UB, Sander FG, Diedrich PR.i&éncy of a pendulum appliance
for molar distalization related to second molampgian stage. Am J Orthod Dentofacila
Orthop 2004; 125:8-23.

Schitze SF, Gedrange T, Zellmann MR, Harzer. Effetunilateral molar
distalization with a modified pendulum applianden J Orthod Dentofacial Orthop
2007;131:600-8.

Angelieri F, Almeida RR, Almeida MR, Fuziy A. Demtiweolar and skeletal changes
associated with the pendulum appliance followedidsd orthodontic treatment. Am J
Orthod Dentofacial Orthop 2006;129:520-7.

Mossaz CF, Byloff FK, Kiliaridis S. Cervical headgess pendulum appliance for the
treatment of moderate Class Il malocclusion. Anrth@l Dentofacial Orthop
2007;132:616-23.

Patel MP, Janson G, Henriques JFC, Almeida RRtdg &R, Pinzan A, Freitas KMS.
Comparative distalization effects of Jones Jig penndulum appliances Am J Orthod
Dentofacial Orthop 2009;135:336-42.



33.

34.

35.

36.

37.

38.

32

Kinzinger GSM, Gross U, Fritz UB, Diedrich PR. Archge quality of deciduous
molars versus premolars for molar distalizatiorhvétpendulum appliance. Am J
Orthod Dentofacial Orthop 2005;127:314-23.

Kinzinger G, Fritz U, Diedrich P. Combined therapigh the pendulum and lingual
arch appliances in the early mixed dentition. Jf@r®rthop, 2003;3:201-13
Angelieri F, AlImeida RR, Alimeida MR, Fuziy A. Demtiveolar and skeletal changes
associated with the pendulum appliance followedixsd orthodontic treatment. Am J
Orthod Dentofacial Orthop 2006;129:520-27

Chéques-Asensi J, Kalra V. Effects of the pendudpppliance on the dentofacial
complex. J Clin Orthod 2001;35:254-7

Papadopoulos MA, Melkos AB, Athanasiou AE.Noncomaptie maxillary molar
distalization with the first class appliance: Adamized controlled trial. Am J Orthod
Dentofacial Orthop2010;137:586.e1-586.e13

Escobar SA, Tellez PA, Moncada CA, Villegas CA,dre¢ CM, Oberti G.
Distalization of maxillary molars with bone-suppedtpendulum: A clinical study. Am
J Orthod Dentofacial Orthop 2007;131:545-9



33

CONSIDERACOES FINAIS

Esta dissertacdo intitulada “Comparacéo dos efeltogarios entre os aparelhos
Pendulumde Hilgers ePendulumModificado” é parte dos requisitos para a obteng@o
titulo de Mestre em Ortodontia pela Universidad&@za de Minas Gerais (PUC Minas).

Este € um trabalho de pesquisa original sugerido p®fessor orientador dessa
dissertacéo Dr. lldeu Andrade Jr., e pelo co-oaiéot Prof. Heloisio Rezende Leite.

De acordo com as normas vigentes na PUC-Minasdestartacdo gerou o artigo
“Comparison of dental effects of two different peloudn appliances: Hilgers’ Standard

Pendulum and Kinzinger's Modified Pendulum.”
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