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RESUMO

SANTIAGO, Rodrigo César. Aplicabilidade das vértebras cervicais como
indicador da maturidade esquelética. Orientador: Dra. Ana Maria Bolognese.
Rio de Janeiro: UFRJ/Faculdade de Odontologia, 2013. Tese (Doutorado em

Odontologia — Ortodontia). 109f

O objetivo desta pesquisa foi avaliar a aplicabilidade das vértebras
cervicais como indicadores da maturidade esquelética. As evidéncias obtidas na
revisdo sistematica demonstraram fragilidade dos estudos publicados até 2010.
Dentre os poucos artigos incluidos na revisao final, houve um estudo que
questionou a utilizacdo dos métodos MVC como Unica ferramenta de
determinacdo da maturidade esquelética em decorréncia de sua fraca
reprodutibilidade entre os examinadores. A questdo da reprodutibilidade foi,
entdo, reavaliada. O resultado da reprodutibilidade intra e interexaminador,
durante a avaliagdo de 90 radiografias, por cinco ortodontistas, revelou
percentuais de concordancia diferentes em decorréncia do método empregado e
da forma de avaliagdo. O percentual médio de reprodutibilidade intra e
interexaminadores foi de 60%, sugerindo variabilidade e fragilidade dos métodos
analisados como unica ferramenta para determinacédo da maturidade esquelética.
Por fim, foi desenvolvido software especifico para andlise digitalizada das

vértebras cervicais (DVA-Digital Vertebrae Analysis). Foram verificadas alteracfes



vii

significativas na morfologia dos corpos vertebrais da 22 e 32 vértebras cervicais
compativeis com diferentes estagios de maturacdo esquelética em 236
radiografias. O modelo multinomial final apresentou previsibilidade de acerto de
81,4%, sendo esses valores considerados satisfatorios em se tratando de

indicador biologico.
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SUMMARY

SANTIAGO, Rodrigo César. Aplicabilidade das vértebras cervicais como
indicador da maturidade esquelética. Orientador: Dra. Ana Maria Bolognese.
Rio de Janeiro: UFRJ/Faculdade de Odontologia, 2013. Tese (Doutorado em

Odontologia — Ortodontia). 109f

The aim of this study was to evaluate the applicability of cervical vertebrae
to determine skeletal maturity. A systematic review was performed. The evidence
observed points to a fragility of the studies regarding the use of different CVM
methods for skeletal maturity assessment published until 2010. Among the few
articles included on the final review, there was a study that questioned the use of
CVM method as the only tool to determine skeletal maturity because of its low
reproducibility among clinicians. The reliability was, then, evaluated eliminating
some methodological flaws identified in previous studies. The results of intra and
interrater reliability showed different levels of agreement regarding to both the
methods applied and the use or not of a manual tracing. However, the mean
intra/interrater reliability percentage was 60%, which suggest variability and
fragility of the methods studied as the only tool to determine skeletal maturity.
Finally, with the aim to reduce the subjectivity and variability among examiners of

the qualitative methods, new software for digitized vertebrae analysis (DVA) was



developed. Statistically significant differences (p<.001) were observed on the
morphology of the body of the 2" 3 and 4™ cervical vertebrae during different
stages of skeletal maturation on 236 radiographs. The final MLRM presented a
predictability of 81.4%, a value that was considered satisfactory for a biologic

system.



LISTA DE SIMBOLOS, SIGLAS E ABREVIATURAS

MVC
AQMC
MRLR

#
UFJF/MG
C2

C3

c4

mm

T1

T2

IME

PP

ADV

DVA

Maturacédo das Vértebras Cervicais
Alteragdes Quantitativas durante Maturagéo Cervical
Modelo de Regresséo Logistica Multinomial
diferenca
Universidade Federal de Juiz de Fora/Minas Gerais
Segunda vértebra cervical
Terceira vértebra cervical
Quarta vertebra cervical
milimetro
polegada
tempo inicial
tempo final
indice de Maturacdo Esquelética
pontos por polegada
Andlise Digitalizada das Vértebras Cervicais
Digital Vertebrae Analysis
vértice superior posterior do corpo vertebral

vértice superior anterior do corpo vertebral



AB

CD

AC

BD
Ang_C2
Ang_C3
Ang_C4
SP_C3
SP_C4
MP_C3
MP_C4
Kappa
qui’
ANOVA

CVM

HWM

vértice inferior posterior do corpo vertebral

vértice inferior anterior do corpo vertebral

ponto mais superior da concavidade inferior do corpo vertebral
ponto médio localizado na borda superior do corpo vertebral
ponto de intersecdo de f na borda inferior do corpo vertebral
ponto médio localizado na parede anterior do corpo vertebral
ponto de intersecdo de g na parede posterior do corpo vertebral
borda superior do corpo vertebral

borda inferior do corpo vertebral

parede posterior do corpo vertebral

parede anterior do corpo vertebral

angulo da concavidade de C2

angulo da concavidade de C3

angulo da concavidade de C4

square proportion de C3

square proportion de C4

maturity proportion de C3

maturity proportion de C4

teste estatistico de Kappa

teste estatistico qui-quadrado
teste estatistico ANOVA
Cervical Vertebral Maturation method

Hand-Wrist Maturation method

STROBE Strengthening the Reporting of Observational Studies

in Epidemiology

Xi



Xii

STARD Standards for the Reporting of Diagnostic Accuracy Studies

SR Systematic Review
TW3 Tanner-Whitehouse maturation method
ROC Receiver Operating Characteristics analysis

5-stage CVM method proposed by Baccetti, Franchi and McNamara (2002)

6-stage CVM method proposed by Baccetti, Franchi and McNamara (2005)

SMI Skeletal Maturation Index
2" Second cervical vertebral
3" Third cervical vertebral

4™ Fourth cervical vertebral

MLRM Multinomial Logistic Regression Model
SD Standard-deviation

Var 01 MP_C3

Var 02 Ang_C3

Var 03 MP_C4

Var 04 Age

Var05 SP_C4

Var 06 Gender

B0 MLRM intercept

B1 B coefficient for Var 01
B2 B coefficient for Var 02
B3 B coefficient for Var 03
B4 B coefficient for Var 04
B5 B coefficient for Var 05

B5 B coefficient for Var 06



LISTA DE FIGURAS

DELINEAMENTO DA PESQUISA

Figura 1 Onze indicadores de maturidade esquelética de Fishman

Figura 2
Figura 3
Figura 4

Figura 5

Quadro 1

(1982)...eeeeeieieeeee ettt —————
Método desenvolvido por Baccetti, Franchi e McNamara
(2002)...eeeeeeeteeeee ettt

Método desenvolvido por Baccetti, Franchi e McNamara
(2005). .ttt ettt a e

Método de visualizacdo das vértebras no negatoscopio......

(A) Telerradiografia lateral com a delimitacdo da regido de
interesse, em vermelho, abrangendo a 223 32 e 42
vértebras cervicais. (B) Definicdo dos pontos de interesse
na andlise computadorizada: A e B, o0s pontos mais
superiores das paredes posterior e  anterior,
respectivamente; C e D, os pontos mais inferiores das
paredes posterior e anterior, respectivamente; E, o ponto
mais superior do bordo inferior dos corpos de C2, C3 e C4;
F e G, os pontos médios dos bordos inferior(CD) e anterior
BD, respectivamente; F’, ponto de intersecdo onde a reta
paralela a parede posterior (AC) que parte de F toca o
bordo superior (AB); G’, ponto de interse¢do onde a reta
paralela ao bordo inferior (CD) que parte de G toca a
parede POSLErOr (AC)......uu e

Distribuicdo da amostra de 172 individuos de acordo com o
método de Fishman (1982) e o método MVC estabelecido
por Hassel e Farman (1995)........cuvviiiiiiiiiiiiiiiiiiiiiiiieee

Quadro 2 Os cinco estagios de maturagdo das vertebras cervicais

Quadro 3

estabelecidos pelo método de Baccetti, Franchi e
McNamara (2002).........ueeeiiiiiiiee e

Os seis estagios de maturacdo esquelética das vértebras
cervicais estabelecidos pelo método de Baccetti, Franchi e
MCNaMAra (2005)......uuuueuiiiiiiiaeee e e

Xiii

Pagina

11
13

14
17

20

12

14

15



ARTIGO 1
Figure 1  Flow diagram of literature search.......................coo

ARTIGO 2

Figure 1 Method developed by Baccetti, Franchi e McNamara (5-stage
Method). 2 e

Figure 2 Method developed by Baccetti, Franchi e McNamara (6-stage
Method). 2. e

Figure 3 Method of cervical vertebrae visualization on light box..........

ARTIGO 3

Figure 1  (A) Lateral cephalometric radiograph with the region of
interest and the definition of the reference points (B), marked
manually on the image by the DVA software: A and B, the
most superior points of the posterior and anterior borders,
respectively, of the bodies of C3 and C4; C and D, the most
inferior points of the posterior and anterior borders,
respectively, of the bodies of C3 and C4; E, the most
superior point of the lower border of the bodies of C2, C3 and
C4; F e G, midpoints of the lower (CD) and anterior (BD)
borders, respectively; F’, intersection point where the line
from F point, parallel to the posterior border, touch the
superior border; G’, intersection point where the line from G
point, parallel to the inferior border, touch the posterior

Figure 2 (A) Subject in the CVM stage 4, according to Baccetti, Franchi
and McNamara, 2005 (B). (C) Quantitative analysis of C2,
C3 and C4 maturation by the DVA software. The MLRM
indicated a 86.6% of the probability for this patient belonged
to QCMC 1V, which is more consistent with the skeletal
maturational level 10 of Fishman?®®, observed for this patient..

28

55

56
57

87

88

Xiv



LISTA DE TABELAS

DELINEAMENTO DA PESQUISA

Tabela 1 Numero de individuos de acordo com cada estagio de
maturacdo esquelética de Fishman (IME) e com as
alteracbes quantitativas de maturacdo das vértebras
CErVICAIS (AQMOC)... .ttt

ARTIGO 1

Table 1 Electronic Database Searched and Search Strategy..........

Table 2 Criteria for Assessing Quality Components in the Studies
InCluded. ... ..o

Table 3 Quality Assessment of Selected Full Text Article................
Table.4  Characteristics of Moderate- and High-Quality Included

ARTIGO 2

Table 1 Interobserver agreement percentage and Weighted Kappa
coefficients for interobserver agreement analysis between
the initial (T1) and 6-week times

Table 2 Cervical stage differences for interobserver disagreements
according to the method developed by Baccetti, Franchi
and McNamara® and the method developed by Baccetti,
Franchi and McNamara'* at the initial (T1) and 6-week
times

Table 3 Intraobserver agreement percentage between the initial
(T1) and 6-week times (T2)....covieieiiiiiii e
Table 4 Weighted Kappa coefficients for intraobserver agreement
analysis between the initial (T1) and 6-week times

Table 5 Cervical stage differences for intraobserver disagreements
according to the method developed by Baccetti, Franchi
and McNamara® and Baccetti, Franchi and McNamara*
between the initial (T1) and 6-week times

XV

19
26

27
29

30,31

58

59

60

61

62



ARTIGO 3
Table 1 Distribution of individuals according to the SMI (Fishman,
1982%%) and Quantitative Cervical Maturational Changes

Table 2 Distributions of age, gender and means and standard
deviations for the seven variables of interest for each of the
QCMC stages (LILHT e IV)..oiiii e,

Table 3 Correlation coefficient (CC) between the 7 parameters of
cervical vertebrae morphology and SMI...........................

Table 4 Coefficients values (o 81..Bs) and the 6 independent variables
of interest (Varl—Var6) that remained in the model after the
multinomial logistic regression analysis used to provide 3
logit g(x) functions = Bo + B1Var; - B2Var; « BsVars + BsVary -
BsVars . BgVars, for each of QCMC stages, with QCMC
stage | as reference category.............coooiiiiiiiiiinn .

Table 5 Total and partial percentages of the correctness of the MLRM
during skeletal stage estimation............................

Table 6 Total and partial percentages of the correctness of the Age
and a combination of Age and Gender during skeletal stage
estimation..........oo i

Table 7 Weighted Kappa for correlation analysis between the
categorizations established by the QCMC stage and the

XVi

89

89

90

90

91

91

92



INDICE

4.1

4.2

INTTOAUGEO. ... e
PrOPOSIGAO. ...t
Delineamento da PeSqUISA..........cuviiiiiiiiiieiiiiiiieieiiee e

Desenvolvimento da PESQUISA ..........uuueeiiiiiiiiiiiiiiiieeeeieeeiee e

ARTIGO 1: Santiago, R.C.; Costa, L.F.M.; Vitral, R.W.F.; Fraga,
M.R.; Bolognese, A.M.; Maia, L.C. Cervical vertebral maturation
as a biologic indicator of skeletal maturity: A systematic review.

Angle Orthod. V.82, n.6, p.1123.1131, 2012 (Publicado).............

ARTIGO 2: Santiago, R.C.; Duque, P.H.R.; Campos, M.J.S,;
Cerrone Jr, G.; Vitral, RW.F.; Costa, L.F.M.; Bolognese, A.M.
Analysis of the reliability of two qualitative cervical vertebrae
maturation methods for growth assessment in orthodontic
patients.  Orthodontics and  Craniofacial Research

(Submetido).........

XVii

24

34



XViii

4.3 ARTIGO 3: Santiago, R.C.; Cunha, A.R.; Cerrone Jr, G
Fernades, N.; Costa, L.F.M.; Vitral, R.W.F.; Bolognese, A.M.
New software for cervical vertebral geometry assessment and its

relationship to skeletal maturation - a pilot study.

Dentoimaxillofacial Radiology 63
(Submetido).......cviriii

DISCUSSEIO. .....eteeeeee ettt e e ettt ettt e e et e e e et e e e e e e e e e 93
CONCIUSAOD. ... eeiieeee et 102
RECOMENUAGOES. ... uuuiiee i i ettt 103
Referéncias Bibliograficas.............cccovvviivieiiiiiccicie e, 104

YN 1) (0 LT 108



1 INTRODUCAO

Em Ortodontia, a identificacdo do estagio de crescimento e desenvolvimento
facial é essencial ndo somente para o correto diagnostico, planejamento e execucao
do tratamento, como também para a obtencdo da estabilidade, em longo prazo,
principalmente nos casos de discrepancias esqueléticas em que o tratamento se
encerra antes que o crescimento puberal esteja completado.

E cada vez mais evidente que a época para o inicio do tratamento é tio
importante quanto a escolha do planejamento em Ortodontia e Ortopedia Facial. A
guestdo sobre o momento ideal esta ligada diretamente a identificacdo dos periodos
de aceleracéo do crescimento que podem contribuir significativamente para correcéo
das discrepancias esqueléticas da face (Baccetti, Franchi e McNamara, 2005).

O entendimento completo do padrdo de desenvolvimento do paciente
influencia na escolha clinica da terapia biomecéanica a ser empregada, bem como na
probabilidade de resultados de tratamento bem sucedidos. Essencialmente, a
condicdo de crescimento individual ira determinar quando a ortopedia dentofacial
realmente tem o potencial de corrigir as mas oclusbes esqueléticas, ou, se outras
modalidades de tratamento, como a cirurgia maxilofacial e a compensacéo dentaria,
séo indicadas (Knoefel, 1999).

Caracteristicas da maturacdo sexual (alteracdo da voz, em meninos e
menarca, em meninas), idade cronoldgica, desenvolvimento dentario, crescimento

em altura e desenvolvimento esquelético sdo parametros empregados para



determinar a maturidade e s&o utilizados na identificacdo dos estagios de
crescimento (Moore, 1997). A determinacdo da idade esquelética é amplamente
utilizada e € componente essencial no plano de tratamento ortodéntico.

O estadiamento da maturidade esquelética a partir de analises radiograficas &
ferramenta empregada na predicdo do surto de crescimento, da velocidade e da
guantidade de crescimento remanescente. O método padrao utilizado neste contexto
€ a radiografia da méo e do punho, baseado tanto no momento como na sequéncia
de surgimento dos o0ssos carpais e determinados eventos de ossificacdo. Os
meétodos carpais sédo validos pela existéncia de relacdo direta entre a velocidade de
crescimento facial vertical e horizontal e a maturidade esquelética determinada pelos
métodos de mao e punho (Flores-Mir, Nebbe e Major, 2004), pelos estagios de
ossificacdo do numero consideravel de ossos disponiveis na regido e pela analise do
inicio da ossificagcdo do sesamodide. (Tanner et al., 1983; Fishman, 1982; Bowden,
1976; Greulich e Pyle, 1959)

As formas usuais de analise das radiografias carpais sdo os atlas de
comparacao desenvolvidos por Greulich and Pyle (1959) e Tanner et al., (1983) e os
sistemas que utilizam indicadores especificos que relacionam a maturacéo
esquelética com a curva de crescimento puberal, como os métodos descritos por
Bowden (1971) e Fishman (1982). Entretanto, além da preocupacdo com a
exposicao adicional a radiacdo (Chatzigianni e Halazonetis, 2009; Kamal, Rangini e
Goyal, 2006; Gandini, Mancini e Andreani, 2006), alguns estudos questionam seu
emprego.

Primeiramente, a complexidade de identificacdo dos pontos de referéncia
pode levar a imprecisao das analises. (Moore, 1990; Houston, 1979). A sequéncia e

a época em que ocorrem 0s eventos de ossificacdo dentro da regido carpal



apresentam polimorfismo e dimorfismo sexual, 0 que pode limitar o uso clinico
preditivo desse método (Houston, 1980; Smith, 1980). Além disso, 0s eventos da
mao e punho séo indicadores do pico e do final do surto de crescimento, mas nao
sinalizam o inicio do surto de crescimento puberal (Mellion, 2007).

A aplicabilidade e eficiéncia do indicador bioldgico da maturidade esquelética
estdo diretamente relacionadas com alguns fatores como capacidade em detectar o
pico de crescimento sem a necessidade de exposicdo adicional aos raios-x,
facilidade de registro, consisténcia na interpretacdo dos dados e habilidade de
predizer a ocorréncia do pico de crescimento. (Franchi e Baccetti, 2002). Nesse
contexto, o emprego das vértebras cervicais foi sugerido como alternativa as
radiografias de mao e punho na determinacédo da maturacdo esquelética.

Existe variedade de métodos MVC na literatura, que incluem desde simples
analises do tamanho e forma das vértebras (Lamparski, 1972; Hassel e Farman,
1995), medicBes quantitativas do formato das vértebras (algumas limitadas as
medicdes da altura e largura e suas proporcdes) e da profundidade da concavidade
do bordo inferior (Baccetti, Franchi e McNamara, 2002; Baccetti, Franchi e
McNamara, 2005), além de avaliacbes mais especificas através de formulas de
regressao linear (Mito, Sato e Mitani, 2002; Caldas, Ambrosano e Haiter-Neto, 2007,
Chen et al., 2008) e analises morfométricas (Chatzigianni e Halazonetis, 2009).

A literatura é extensa em pesquisas conduzidas para validar os métodos de
maturacdo das vertebras cervicais (MVC), em razdo da necessidade de substituicao
da radiografia da méo e do punho por método que dispense exame radiografico
adicional, reduzindo a dose total de radiacdo a que o0 paciente é exposto
(Chatzigianni e Halazonetis, 2009; Kamal, Ragini e Goyal, 2006). Varios trabalhos

identificaram correlacdo substancial entre a idade esquelética determinada pelos



meétodos de MVC com o método padréo obtido através das radiografias carpais. (Lai
et al., 2008; Gandini, Manicni e Andreani, 2006; Kamal, Ragini e Goyal, 2006; Uysal
et al., 2006; Grave e Townsend, 2003; Chang et al., 2001; Hassel e Farman, 1995).
Em outros estudos, a validade do método MVC como indicador de maturidade
esquelética foi verificada através da correlacdo entre o crescimento mandibular e as
alteracdes observadas na morfologia dos corpos das vértebras cervicais (Franchi,
Baccetti e McNamara, 2000), bem como através da capacidade em discriminar
individuos prestes a atingir o pico de crescimento puberal daqueles que ja
alcancaram ou até dos que passaram do mesmo (Soegiharto, Moles Cunningham,
2008).

Entretanto, os trabalhos de Gabriel et al., (2009) e Nestman et al., (2011)
guestionam a aplicabilidade do método MVC em decorréncia da baixa
reprodutibilidade, contraindicando o mesmo como Unico guia ha determinacdo da
época ideal para o tratamento ortodéntico.

Em razédo dos questionamentos recentes sobre a validade dos métodos MVC
e da busca por indicador da maturidade esquelética sensivel as alteracbes do
crescimento e reproduzivel perante aqueles que o utilizam, o objetivo da pesquisa foi
(1) conduzir estudo de revisdo sistematica sobre a avaliagdo da maturacéo
esquelética através das vértebras cervicais, visando analise critica da aplicabilidade
do indice MVC, (2) analisar a reprodutibilidade de dois métodos qualitativos de MVC,
buscando eliminar falhas metodologicas observadas em estudos prévios e (3)
avaliar, de forma objetiva (quantitativa), possiveis alteracdes na morfologia das
vértebras cervicais durante o crescimento, através de analise computadorizada em
softwarte especifico, bem como avaliar a aplicabilidade deste novo método através

de modelo de regresséao logistica multinomial.



2 PROPOSICAO

Avaliar a aplicabilidade das vértebras cervicais como indicador da maturidade
esquelética através de:
2.1lidentificacdo e revisdo sistematica da literatura com relacdo a validade dos
métodos de maturacdo das vértebras cervicais (MVC) na predicdo do surto
puberal;
2.2andlise da reprodutibilidade de dois métodos de maturacdo das vértebras
cervicais (Baccetti, Franchi e McNamara, 2002 e Baccetti, Franchi e
McNamara, 2005), bem como da influéncia da utilizacdo ou nao de tracado
manual individual na reprodutibilidade dos métodos estudados, e
2.3desenvolvimento de novo método para analise quantitativa das alteracdes
durante a maturacdo das vértebras cervicais (AQMC) e avaliacdo da sua

aplicabilidade através do modelo de regressao logistica multinomial (MRLM).



3 DELINEAMENTO DA PESQUISA

Na presente pesquisa foi avaliada a validade das vértebras cervicais como
indicador da maturidade esquelética através de: revisdo sistematica, analise da
reprodutibilidade de dois diferentes métodos qualitativos e desenvolvimento e andlise
da aplicabilidade de novo método quantitativo.

Para analise da reprodutibilidade e desenvolvimento de novo método
quantitativo foi submetido projeto ao Comité de Etica em Pesquisa da Universidade
Federal de Juiz de Fora, tendo recebido parecer favoravel sob registro 334/2011

(ANEXO 1).

3.2 REVISAO SISTEMATICA

3.2.1 Critério para consideracdo dos estudos a serem revisados

3.2.1.1 Tipo de estudo

Foram incluidos os estudos observacionais de diagnostico em humanos
envolvendo a utilizacdo das vértebras cervicais na determinacdo da maturacao

esquelética.



3.2.1.2 Tipo de participantes

Foram selecionadas pesquisas realizadas com individuos em fase de
crescimento e que tiveram as imagens radiograficas da méo e punho realizadas na
mesma data das telerradiografias laterais.

Estudos com pacientes portadores de doencas sistémicas e sindromes

craniofaciais foram excluidos.

3.2.1.3 Tipo de intervencéao
Diagnostico da maturacdo esquelética envolvendo telerradiografia lateral para

visualizacdo das vértebras cervicais e radiografia da méo e do punho.

3.2.1.4 Tipo de avaliacdo dos resultados

Avaliacdo da maturacdo esquelética pela radiografia da méo e do punho
(método padrao).

Avaliacdo das alteracdes anatdbmicas das vértebras cervicais.

Correlacdo com o método padréo, reprodutibilidade e acuracia dos métodos

de identificacdo da MVC na determinacéo da idade esquelética.

3.2.2 Estratégia de busca para identificacdo dos estudos
A busca foi conduzida por dois pesquisadores nas seguintes bases de dados:
MedLine, Ovid MedLine, Virtual Health Library, Cochrane Database, SCIRUS e

eTBlast, até julho de 2010.



3.2.2.1 Palavras-chave para a busca na literatura

Foram empregados o0s seguintes termos para busca:

“cervical” ou “cervical vertebrae” ou “cervical vertebral” ou “vértebras’ e
“‘maturation” ou “maturation method” ou “skeletal maturation” ou “growth and

development” ou “idade” e “in human”.

3.2.2.2 Método de busca para identificacdo dos estudos
A busca eletrdnica por artigos de interesse foi realizada através de bases de
dados e a busca manual foi conduzida através da avaliacdo de dois jornais:

American Journal of Orthodontics and Dentofacial Orthopedics e Angle Orthodontist.

3.2.3 Idioma

N&o houve restricdo a nenhum trabalho em razdo do idioma.

3.2.4 Estudos ndo publicados
Com o intuito de diminuir o viés de publicacdo, foram incluidos na busca
trabalhos ndo publicados como dissertacfes e teses, pesquisadas na base de dados

Grey Literature até julho de 2010.



3.2.5 Sequéncia de selecao de artigos

Numero inicial de artigos

Exclusao por # de
€escopo —
esclarecer motivos

\ 4

v

Trabalhos selecionados por andlise do titulo

Exclusao por # de
escopo e
delineamento—
v esclarecer motivos

v

Trabalhos selecionados por analise do resumo

Critérios de
inclusdo e exclusao
dos textos
completos

v

v

Numero final de trabalhos selecionados por andlise do texto
completo

3.2.6 Coleta dos Dados e Analise

Para a revisdo original foi realizada a busca eletrénica e manual por dois
pesquisadores, para todos os trabalhos em relacdo a utilizacdo das vértebras
cervicais na determinacdo da idade esquelética. A lista de artigos gerada foi
encaminhada para cada um dos pesquisadores onde foram selecionados os artigos
gue se enquadraram de acordo com o tipo de estudo, participantes de interesse e
intervencao.

A leitura do texto completo dos artigos selecionados foi realizada pelos dois
pesquisadores e a avaliagdo da qualidade de cada artigo levou em consideracao
critérios estabelecidos pelo quality assessment. As varidaveis estudadas nao foram
utilizadas como critérios de incluséo ou exclusdo na reviséo sistematica. Reunido de

consenso foi necessaria para dirimir as davidas e discordancias entre os dados
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coletados pelos pesquisadores. Nova reunido de consenso resolveu a discordancia

entre os dados coletados.

3.3 CARACTERIZACAO DAS AMOSTRAS
Para facilitar o entendimento, as amostras foram divididas de acordo com o

assunto a ser analisado.

3.3.1 Reprodutibilidade

Para analise da reprodutibilidade do método de maturacdo das vértebras
cervicais (MVC), foram selecionadas aleatoriamente, por sorteio, 90 telerradiografias
em norma lateral dentre 172 pacientes, brasileiros, pré-selecionados com idade
entre 7 e 18 anos de ambos os géneros, pertencentes ao arquivo do Curso de
Especializacdo em Ortodontia da Faculdade de Odontologia da UFJF/MG.

Para composicdo da amostra foram respeitados os seguintes critérios de
inclusdo: (1) sem histéria prévia de traumas na face e/ou na méo e punho; (2)
auséncia de mal formacdes congénitas e/ou adquiridas que afetem as vértebras e/ou
a mao e punho; (3) sem alteragbes de desenvolvimento em decorréncia de
sindromes ou desordens hormonais e (4) radiografias da méo e do punho e
telerradiografias laterais do mesmo paciente realizadas na mesma data.

Com o objetivo de garantir a homogeneidade da amostra, as radiografias de
mao e punho dos 172 selecionados foram inicialmente analisadas, para
determinacao do estagio de maturidade esquelética pelo método desenvolvido por
Fishman, 1982 (Figura 1). Segundo um estudo prévio (Hassel e Farman, 1995),
existe relacao direta entre os estagios de maturacdo das veértebras cervicais e os 11

estagios estabelecidos por Fishman (1982). Desta forma, foram selecionados,
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aleatoriamente, 10 individuos de cada uma das 06 classificacbes agrupadas de

acordo com Fishman (1982), como demonstrado no Quadro 1.

MATURITY
INDICATORS

¢

Figura 1 Onze indicadores de maturidade

esquelética de Fishman (1982).
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Quadro 1Distribuicdo da amostra de 172 individuos de acordo com o método de
Fishman (1982) e o método MVC estabelecido por Hassel e Farman (1995).

Estagio de maturacao | Classificacao Numero de pacientes
cervical (MVC) agrupada de Fishman

1 1,2 48

2 3,4 38

3 5,6 22

4 7,8 31

5 9,10 21

6 11 11

3.3.2 Anédlise Objetiva das Vértebras Cervicais

Os dados desse estudo transversal foram obtidos a partir de radiografias
cefalométricas de perfil e de radiografias de mao e punho, tomadas como parte da
documentacdo ortodbntica de rotina de pacientes pertencentes ao Curso de
Especializacdo em Ortodontia de Faculdade de Odontologia da Universidade
Federal de Juiz de Fora, Brasil. O projeto foi submetido e aprovado pelo Comité de
Etica em Pesquisa da Universidade Federal de Juiz de Fora, Brasil.

A amostra incluiu 236 individuos, sendo 116 meninos (média de idade de
146,4 meses, + 25,2) e 120 meninas (média de idade de 146,2 meses, + 24,1),
selecionados consecutivamente entre janeiro e dezembro de 2011. Durante a
composicdo da amostra, os critérios de selegcdo a seguir foram observados: (1)
individuos brasileiros brancos, sem histéria de trauma na face e/ou na mao e punho;
(2) auséncia de malformagBes congénitas e/ou adquiridas que afetassem as
vértebras ou a méo e punho; (3) boas condi¢cbes de saude geral e (4) radiografias
cefalométricas e da mao e punho realizadas no mesmo dia e com boa visualizagdo

das estruturas de interesse, como as vértebras cervicais C2, C3, and C4.
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3.4 AVALIACAO DA REPRODUTIBILIDADE DE DOIS METODOS

QUALITATIVOS DE MVC

3.4.1 Anélise da maturacéo das vértebras cervicais (MVC)

Para determinacdo do estagio de maturidade esquelética através das
telerradiografias laterais foram empregados dois métodos qualitativos, Baccetti,
Franchi e McNamara (2002) e Baccetti, Franchi e McNamara (2005). O primeiro
meétodo faz a analise das veértebras cervicais C2, C3 e C4 através de 5 estagios
distintos (Figura 2 e Quadro 2) enquanto o segundo utiliza 6 estagios para a

determinacao da maturacdo das mesmas vértebras (Figura 3 e Quadro 3).

.
N oo o oUW

CVMS | CVMS Il [CvMSlI CVMS IV CVMS V

ANARRAAR EARRANAN
DD A LU

)
)P

Figura 2 Método desenvolvido por Baccetti, Franchi e McNamara
(2002).
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Quadro 2 Os cinco estagios de maturacdo das vértebras cervicais estabelecidos pelo

método de Baccetti, Franchi e McNamara (2002).

Estagio

Descricao

Bordas inferiores da C2, C3 e C4 planas ou achatadas, com
possibilidade de existir uma leve concavidade na C2; forma

trapezoidal da C3 e C4, afuniladas de posterior para anterior.

Presenca de concavidades distintas nas bordas inferiores da C2 e
C3; C3 e C4 apresentam-se trapezoidais ou retangulares na

horizontal.

Presenca de concavidades distintas nas bordas inferiores da C2, C3

e C4; C3 e C4 apresentam-se retangulares na horizontal.

As concavidades nas fronteiras de C2,C3 e C4 estdo presentes. Um
dos corpos de C3 e C4 possui o formato quadratico. Se nao for

guadrado o outro corpo da outra vértebra é retangular na horizontal.

Presenca de concavidades profundas nas bordas inferiores da C2,
C3 e C4; C3 e C4 apresentam-se retangulares na vertical. Se néao for

vertical o corpo vertebral é quadrado.

BE&%

JoL-

0
E

H) )i

CSt CS2 CS3 CS4 CS5 CS6

Figura 3 Método desenvolvido por Baccetti, Franchi e McNamara
(2005).
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Quadro 3 Os seis estagios de maturagcdo das vértebras cervicais estabelecidos pelo

método de Baccetti, Franchi e McNamara (2005).

As bordas inferiores de todas as trés vértebras (C2-C4) séo planas. Os
corpos de C3 e C4 possui a forma trapezoidal (a borda superior da

vértebra apresenta o corpo cénico de posterior para anterior).

A concavidade esta presente na borda inferior de C2 na grande maioria
dos casos (80%). Os corpos de C3 e C4 ainda estdo em forma de

trapézio.

Concavidades nas bordas inferiores de C2 e C3 estdo presentes. Os
corpos de C3 e C4 podem estar com o formato trapezoidal ou retangular

horizontal.

Concavidades nas bordas inferioresde C2, C3, C4 agora estao
presentes. Os corpos de C3 e C4 sdo com formatos retangulares

horizontais.

As concavidades da borda inferior de C2, C3 e C4 ainda estédo
presentes. Pelo menos um dos corpos de C3 e C4 possui o formato
quadrado. Se ndo for quadrado, o corpo da vértebra cervical ainda é

retangular horizontal.

VI

As concavidades das bordas inferiores de C2, C3, C4 sao evidentes. Pelo
menos um dos corpos de C3 e C4 é retangular vertical. Se nao for vertical,

0 corpo da outra vértebra é quadrado.

3.4.2 — Andlise da reprodutibilidade dos métodos

Foram selecionados, como examinadores, cinco ortodontistas

experiéncia prévia com a utilizacdo do método MVC.

sem

Os cinco examinadores receberam o treinamento referente a utilizacdo dos

dois métodos MVC, através de apresentacdes ministradas por cirurgido-dentista,

especialista em Imagem e com ampla experiéncia nos métodos de interesse. As

apresentacoes foram realizadas em formato Power Point (Microsoft®) com duracéo
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média de 10 minutos, abordando os métodos exatamente como descritos por
Baccetti, Franchi e McNamara (2002) e Baccetti, Franchi e McNamara (2005), com
énfase na definicAo da morfologia das vértebras C2, C3 e C4, assim como na
identificacdo dos diferentes estagios de maturacdo esquelética definidos pelos dois
métodos.

Imediatamente apds o treinamento, as 90 telerradiografias foram analisadas
em sala escura com auxilio de negatoscopio para garantir o aprimoramento do
contraste das imagens Osseas. As radiografias foram analisadas em 18 rodadas,
contendo cinco negatoscépios cada. Nao foi permitida nenhuma comunicacdo entre
os avaliadores, que também néo tiveram acesso & nenhuma informacéo adicional a
respeito do paciente, como idade, género, fase da denticdo. Durante a avaliacdo das
vértebras de interesse, foi posicionada em cada negatoscopio, uma folha de cartolina
preta com retangulo central vazado que permitia a visualizacdo somente das areas de
interesse (Figura 4). Em cada negatoscoépio foram posicionados templates contendo
0s estagios de MVC de acordo com os métodos propostos por Baccetti, Franchi e
McNamara (2002) e Baccetti, Franchi e McNamara (2005), como consta nas Figuras 1

e 2.
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Figura 4 Método de visualizacdo das vértebras no

negatoscoépio.

Houve dois tipos de avaliagdo durante a analise das vértebras cervicais: (Tipo
1) a partir de tragcado manual e individual realizado com lapiseira em grafite 0,5 mm
(Faber Castel®, Stein, Germany), sobre folha de acetato 8’x10”, lote 253123
(Orthometric, Franklin, IN, USA) abrangendo os corpos vertebrais de C2, C3 e C4 e
(Tipo 2) avaliagdo visual diretamente nas radiografias cefalométricas. Todo o
procedimento foi repetido seis semanas (T2) ap6s a primeira avaliacdo (T1), com
distribuicdo aleatoria das radiografias em sequéncia diferente da primeira avaliagcéo.
Todos os examinadores receberam novamente o mesmo treinamento da primeira

avaliacao.
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3.5 APLICABILIDADE DE NOVO METODO QUANTITATIVO

As radiografias de m&o e punho foram utilizadas como método padrdo para
determinar o grau de maturacdo esquelética de cada individuo e analisadas por
cirurgido-dentista especialista em imagem com larga experiéncia no meétodo de
interesse. As radiografias foram classificadas de acordo com o indice de maturacao
esquelética (IME) descrito por Fishman (1982) e foram alocadas em 11 grupos,
como mostra a Tabela 1. Toda analise foi realizada em ambiente escuro, no mesmo
negatoscopio e o examinador desconhecia informacdes adicionais, como idade
cronologica e género. Para andlise da confiabilidade em relacdo ao estadiamento
das radiografias de méo e punho, 30 radiografias foram analisadas duas vezes com
intervalo de duas semanas entre as avaliacfes, obtendo o ICC de 0,997.

Os 11 estagios de maturacéo esquelética (IME) de Fishman (1982) podem ser
agrupados, de acordo com Kopecky e Fishman (1993), em periodos de aceleracao
(IME 1-3), de alta velocidade de crescimento (IME 3-7) e de desacelera¢éo (IME 8-
11). No presente estudo, as radiografias foram agrupadas em quatro categorias de
maturacdo das vértebras cervicais levando em consideracdo os indicadores de
maturacdo esquelética de Fishman (1982), sendo que o periodo de desaceleracao
do crescimento foi dividido em dois estagios (8-9 e 10-11), em virtude de alteracdes
significativas na morfologia dos corpos vertebrais (Tabela 1). Desta forma, as
alteracbes quantitativas de maturacdo das vértebras cervicais (AQMC)
compreenderam quatro estagios, a saber: AQMC | (aceleragéo do crescimento), que
inclui os estagios 1-3 de Fishman; AQMC Il (alta velocidade de crescimento), que
inclui os estagios 4-7 de Fishman; AQMC Il (desaceleracdo do crescimento), que
inclui os estagios 8 e 9 de Fishman e AQMC IV (consumacao do crescimento), que

inclui os estagios 10 e 11 de Fishman (Tabela 1).
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Tabela 1 Numero de individuos de acordo com cada estagio de maturacao
esquelética de Fishman (IME) e com as alteragBes quantitativas de maturacéo
das vértebras cervicais (AQMC)

Estagio IME Meninos Meninas
AQCM (Fishman) (n) (n)
I 1 35 10
2 20 5
3 13 8
Sub-total 68 23
[l 4 15 7
5 3 12
6 3 12
7 3 11
Sub-total 24 42
1] 8 10 19
9 1 9
Sub-total 11 28
v 10 8 15
11 5 12
Sub-total 13 27
Total 116 120

As radiografias foram escaneadas (Umax Astra 2400 SLT) a 600 ppp (pontos
por polegada) e digitalizadas através do software Corel Photo-Paint, versao 11.0
(Corel Photo-Paint®, Corel Corporation, Otawa, CAN). A morfologia dos corpos das
vértebras cervicais C2, C3 e C4 foi analisada de forma objetiva (quantitativa) através
de software desenvolvido especificamente para este estudo. O software para analise
digitalizada das vértebras cervicais ADV (Analise Digitalizada das Vértebras) ou DVA
(Digital Vertebrae Analysis) foi desenvolvido em Microsoft. NET Framework, na
linguagem C#, com o intuito de auxiliar o especialista durante analise da imagem,
oferecendo medidas e propor¢des das vértebras C2, C3 e C4 com base em pontos

de referéncia identificados manualmente (Figura 5).
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Figura 5 (A) Telerradiografia lateral com a delimitacdo da regido de interesse,
em vermelho, abrangendo a 22, 3% e 42 vértebras cervicais. (B) Definicdo dos
pontos de interesse na andlise computadorizada: A e B, os pontos mais
superiores das paredes posterior e anterior, respectivamente; C e D, 0os pontos
mais inferiores das paredes posterior e anterior, respectivamente; E, o ponto
mais superior do bordo inferior dos corpos de C2, C3 e C4; F e G, os pontos
médios dos bordos inferior(CD) e anterior BD, respectivamente; F’, ponto de
intersecdo onde a reta paralela a parede posterior (AC) que parte de F toca o
bordo superior (AB); G’, ponto de intersegdao onde a reta paralela ao bordo
inferior (CD) que parte de G toca a parede posterior (AC).

Apoés a definicdo dos pontos de interesse, a ferramenta utilizou métodos de
algebra linear e de andlise espacial para gerar os valores das dimensdes,
proporcdes e angulos. A confianca e reprodutibilidade intra-observador das medidas
estabelecidas pelo software DVA foi verificada pela analise de 30 radiografias
cefalométricas selecionadas aleatoriamente, em dois momentos distintos, com
intervalo de duas semanas entre 0S mesmos.

Medidas de interesse foram determinadas:

AB e CD: bordas superior e inferior, respectivamente;

AC e BD: paredes posterior e anterior, respectivamente;
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ANG_C2, ANG_C3 e ANG_C4: angulo interno (concavity angle), formado pela
intersecao das retas que conectam os pontos CE e ED nas bordas inferiores de C2,
C3 e C4, respectivamente.

SP_C3 e SP_C4: proporgao quadrada (square proportion) de C3 e C4,
respectivamente, dada pela razdo entre a reta paralela a borda inferior (CD) que
conecta os pontos G e G’ e a reta paralela a parede posterior (AC) que conecta os
pontos FeF’ e

MP_C3 e MP_C4: proporgao de maturacao (maturity proportion) de C3 e C4,
respectivamente, dada pela razdo entre a parede anterior (BD) e a parede posterior
(AC).

A amostra foi avaliada em relacdo a 10 variaveis: (1) ldade cronoldgica,
(meses); (2) Género; (3) Estagio de maturacdo de Fishman; (4) Angulo de C2; (5)
Angulo de C3; (6) Angulo de C4; (7) Proporcdo quadrada de C3; (8) Proporcéo
guadrada de C4; (9) Proporcéo de maturacédo de C3 e (10) Proporcédo de maturacéo

de CA4.

3.6 ANALISE ESTATISTICA

A andlise estatistica foi processada com auxilio do programa SPSS 13.0
(SPSS Inc.,Chicago, lllinois) e Medcalc 12.2.1.0 (MedCalc Software, Ostend,
Belgium). Para analise da reprodutibilidade foi empregado o teste ponderado de
Kappa, que avaliou a concordancia intra e interobservadores.

Para andlise da aplicabilidade do software DVA, as médias e desvios-padrao
foram calculados. A andlise estatistica incluiu o teste qui?, ANOVA, o teste de kappa
ponderado e a analise de regresséao logistica multinomial. O nivel de significancia de

p< ,05 foi estabelecido. O software estatistico Excel (Microsoft Office®, 2007, USA)
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foi utilizado para analise dos dados e obtencdo das probabilidades do modelo de

regressao multinomial.
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ABSTRACT

Objective: To identify and review the lilerature regarding the relisbility of cervical vertebras
maturation (CVM) staging o predict the pubsrial spurt

Materials and Methods: The selection crteria included oross-sedional and longibudinal
desoriptive studies in humans that evaluated qualistvely or quantitatively the accuracy and
reproducibility of the CVM method on laeral cephalometnic radiographs, as well as the comelation
with a sandard method estblished by hand-wrnist radiographs.

Results: The ssarches retrieved 343 unigue ciatons. Twenty-three studies met the inclusion
criteria. Six aricles had moderate o high scores, while 17 of 23 had low scores. Analysis also
showed 8 moderate to high statistically significant comrelation betwesn CVM and hand-wrist
maturation methods. There was a modarate to high reproducibility of fhe CVM method, and anly
one spedfic study inwestigated the acouracy of the CWM index in detecting peak pubsrial growith.
Conclusions: This sysiEmatic review has shown that the studies on CVM method for radiographic
azsmessment of skeletal maturation stages suffer from senous methodological failures. Better-
designed studies with adequate acouracy, reproduciility, and comelation analysis, including
studies with appropriste sensitivity-specifigty analysis, should be pedomed. (Angle Orthod.
2012;82:1123—-1131.)
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Cervical vertebral maturation as a biologic indicator of skeletal maturity

INTRODUCTION

Theissue of apiimal timing for orthodontic treatment
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craniofacal growth that can comribute significantty to
the reatment of patients with skeletal discrepancies '
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The use of radiographic analysis to estimate skeletal
maturation stage is a widely used method for pradicting
the timing of puberal growth and for estimating growth
vedocity and the proportion of growth remaining.?

The hand-wrist radiograph is considered*— o be the
most stendardized method of skeletal maturation
assessment based upon time and the seguence of
appaarance of the campal bones and certain ossifica-
tion events. Skeletl matunty is generally detemined
using stages in the osaification of bones of the hand-
wrist, because of the relationship between the overall
homzontal and wverlical facial growth welaty and
skaletal maturity detemined by hand-wrist methods?
ar because of the quantity of different types of bone
available =" or by evaluating the ossification onset of
the sesamoid.® The usual means by which to assess
the hand-wrist radiograph are the companson atlas of
Greulich and Pyle® and Tanner et al® and the
processes that use specific indicators that relate
skeletal maturation o fhe puberial growth curve, such
as the methods described by Bowden'® and Fishman. "

Thers are some limitations in the intempretation of
skaletal maturity from hand-wrist radiographs.” The
assification sequence and timing of skelstal maturity

Angle Crfhodontisl, Vol &2 Mo & 2012
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growmn

within fhe hand-wrist area show polymonphism and
gexusl dimorphism, which can limit e clinical predic-
thve use of this method'*? Moreover, there are
concems shout the extra radiation exposure resulting
fram wse of this metod™ and is use must be
queationsd if ofher comparable methods of assess
ment are availsble. Fnally, svents in the hand and
winst are indicatars of the pesk and the end of the
puberzl growth spurt, but these svents do not signal
the anset of the pubsrtal growth spurt. 'S

The ceracal versbras maturation (CVk) method
was inroduced by Lamparsia'® for wuse in growih
aggesament, allowang skeletal age evalustion and

gliminatng the nesd for addtional rediographic espo-
sure snce the wersbras are aleady recordsd in the

lateral cephalogram taken 28 2 pretrestment re-
cong BEMT Howewer, the reproducibility of the GV
methed has been guestoned. ™

Im spite of extensive research abouwt OV M methods
applisd 1o akeletal matunty sssegament duning the past
years, statstical and biclogical details sbout the
relatonship betwesn versbral shape and skelsl
maturaton are gtill missing ™

Syatematic reviews are useful tools with which 1o
obtain evidence-based dinical information.® The
literature s controversial regarding the CVM method
in =rma of its wblity for determning akelstal maturnty.
The aim of this systematic review was to identify and

quality the ewdence and methodokogy of those reports
and to evaluate the following queston: How reliable is

CVM stzging in terms of predicting the pubertl apurt?
MATERIALS AND METHO DS

To identify potentally relevant studies reporting data
related to maturational indexes, apecificaly CWVM meth

ods, detaled search stateges wae developed and
executed. The search abo included approprist chang
&3 in the vocsbulary and followed each datshase’s
gyntax rubes. Ciiations to potentizly relevant stdies in

Angla Orhodonfst, Vol B2, No 6 2012

joumnats, dissertabons, and conference procesdings
wiere locaied by searching the approprete elecironic
datahase inan etion to minimize publication bas.
Tahle 1 shows the databsse seanch and outines our
search straiegy. This slectonic imestigation was
conducied fhrough July 2010. We also searched by
hand by checking the referemces of the retnewed
artcles to identify all possible artcles tobe included in
this rewsew. Mo language restriction was applied.
The selecton criena for considening studies inchud-
= in this gystematc rewew (SR} were the following:
(1) croas-sectonal or longitudinal deschptve studies in

humans that evaluated qualitatively or quantita fvely an
established CVM method on laiersl cephalometnc

radicgraphs o determine skeletal maturation; (2)
studies that wsed hand-wrnst rediographs as the
standard method when evaluating comaslaton or com-
panson with e CVM method, and (3) sudies that
evaluated the reproduchility of the CVM method.
S udies with inadeque = sample sizes (e, cleft ippalate
patients or repeated samples ) that introduced a new or
sdditonally modfied wersion of e CVM method,
edior's summanes, reference-only works, patents,
mesting aharact, opinion artices, and rewews wers
exciudad.

initizlly, the ftes and shgiracts identfed were
revvewed. Duplicate arbcles appesnng in more tian
one datehase search were considersd only once. Each
ashstract was checked o determing whether if present-
ed dats related to patients” skelstal maturaton stage,
23 assessed by the CWM method. Any investigaton
mot fulfilling this crterion was excuded from furfer
evaluation. If the revewsr could not decide on &
study's eligibility by examining e ttle and abatact, i
full text was retneved.

The full texts of remaining articles wers refrisved for
further evaluaton in duplicate by two rewewsrs. In
sdditon, o document the methodolegical soundness
of each aricle, 3 gquality sssesament modified from the
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Shengthening the Reporting of Obsenational Studies
in Epidemiclogy (STROBE)™ Standards for the
Reporting of Disgnostic Accuracy Studies (SATRD),™
and Lagravers ot al.™ was periormed (Table 2). When
w0 reviewsrs disagresd, a third investgator was
called in, and CONSensUs Was resched.

One point was given o each crieson, f fulfiled.
Cuality assesament scores rangsd from O o 12, The
studies were classiied a3 “low’” (score 0 to &),
“moderate” (score T to 10), or “high" (score 11 to 12)
sccording to this assegament Studies with & low acors
(=7 pointz) were considersd 1o be of poor methodokog-
ical quality and were not consdensd at all in =srms of the
SR conclusions. Disagresments Detwesn the reviewsns
were resolved by resxamining the arice in gueston,
with discussion untl bath ressarchers were satisfied
with the decizion.

RESULTS

The electronic searches identfied 343 recands after
dupdicated references were removed. From these, 108
were askected for abstract evalustion. A totel of 39
ahstracts were retnisved for complsts Ext detaled
evaluation, inciuding two arbcles added from hand
searching. Ulhimatsly, our search ywelded 23 articies that
met the inclusion cniteria (Figure 1). Once the articles
were selectsd, we gystematically assigned a2 method-
ological score to each study in order o characienze
them a3 useful or mot (Table 3). Based on qualty
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assesament, we jound tat sx sfudies =55 weng
parbculzry wseful, with 2 moderate o high score. As
gtated above, 17 studies™ ™™ with a low score
{=16.5 points) were considersd o be of low methodo-
kogical quality and were not particulary wseful. The
characienstcs of moderate- and high-guality studies
are presentad in Tabls 4.

DISCUSSION

One objective of orthodontc reatment in adoles-
cents is 1o take advantage of potential skelstal growth
o treat skeletsl discrepances. Sexual maturation
characternstics, chronologic age, dental development,
mieight, weight, and skeletal development are some of
e mare commaon methods that have been wsed to
identfy steges of growth. Peak growth welocity in
standing height i3 the mast valid representaton of rate
of overall skeletzl growth. | forms & wsetul histonc
longitudingl measure of an individuals growth pattem
bt has litle predictive value in i=rms of fulure growth
rate or percentsge of fotal growth remaining. On the
afher hand, skeletsl maturaton staging from radio-
graphic analyss 5 a widely used approach to predict
tming of pubsrtal growi, o estimate growth welocity,
and o egtimate the propaortion of groswth remaining.

According o & prEvious study ' skeletal age ofiers no
value over chronologica age, either N assessing or

predceting e tme of pubsrizl gowih. On the other
hand, the hand-wrist radiogeph B consdered o be

e most standardized method of skeletal sssess-
ment. "9 A bhowgh some audies® 4 giated tha the
use of hand-wrist redisgephs io predict growth spor is
mot gufficienty accurate o be of wvalue in clinical
arthcdonbcs, the validity of skeleta lmatunty assesament
using the hand-wrist radiographs has been cbsered **
However, o avoid taking sdditional rediographa, it is
relevant to relate maturational stages 1o skeletal
features ofer than e bones in the hand and wist

The censacal vertebrse are slresdy shown on the
laeral cephalogram film akan a8 3 pretreatment recond,
and it s well known that the latersl wew of the cenacal
vereres bodies changes with growith. In recent years,
evaluston of e cervical versbrae has been ineas-
ingly used to determing skeletal maturity AT

None of the studies included in this SR could be wsed
for a mets-analysis because of the dilerent methods of
CVM and handwrist maturaton (HWM) evaluation
applied. The study of Imanimoghaddam et &l ghowed
different comeslation levels betwesn four different CWVM
methods and the same HWM [TW3 method) in 2 unigus
sample. Thus, sccwracy, comelaton, and reproducibility
may be influsnced by the method.

There are a great vanety of OV methods, inciuding
=mple qualitatve analysia of the vertebral shape and

Angla Orfhodannst, Vol B2, Mo &, 2012
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through Grey Literatare Locerars Dalahase of through SCRUE through eThlast
Syalumate e
i I I I
 —
—| 261 duplicated references
— 343 records after duplicates
remaved
g
240 Recards excluded om basis of Title (28], inchsicn
g criteria far articke fype not meet, such as eddor’s
summary, reference only, patents, mesting abstracts,
apinion anicles and reviess (17) a0 urahle 10 chian
— artiche (7).
103 records retrieved for
R abstract evaluation
63 Records exchuded on basis of abstract:
i Inclusian crteria nat met 32
= HAND SEARCH Mat pertinent 15
ul Mat autcame af inberest 14
Respanss (1) Review (1)
) 03 articles salected from 40 recards retrieved for
reference Ests of complate text detailed 20 Becards exchoded an basis of full toxt:
retrievad articles evaluation
02 Inadequate sample or same sample of
f—, prewious article
Dainchusion criveria far sudy design no
mat
E 0% Mot putcorne of interest
2 [| 03 Excluded on basis of 02 Raviaws
E (| full text (incusion criteria
for article type not met} 23 included on systematic review
R

Fiigure 1. Fow diagmam of Ilemiuns s

sizet " fo guantitsthe messurements of vertebral shape
(zome of wihich are limied to height and widt distances

and ratios) and the depth of the indenior concavity™* and
to ofer, more specifc measurements, rendensd

through geometc morphometnc anahsis™ or Inear
regression formulas, <o

Analp Orifradontet. Vol 82, No 8. 2012

Caution shoukd be taken in the applicaton of e
results presentsd in this SR. Most of the studies
investgating the use of cendcal vertebral radiographic
anahysis of skeletsl maturaton did not regort any kind of
randomizaton, blinding, and sample size calculbon.

Artcles that presentsd methodological defciencses,
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Table 3. Cuaily Assessmant of Sainded Full T Aricha
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which would likely compromise the interpretation of
repored results, were excluded from this study. 'We
found 23 aricles that met the inclusion orite-
mli.i.?rnﬁniﬂ.—ﬂ ot “w amﬁ.iﬂﬁﬁ-ﬂ? were mm
o be of moderaie o high methodological quality.

Imitally, the research on the direct relatonship
betvean cervical vertebral ansiomical siteratons and
tacial growth was limied becsuse of the problems of
longitudingl radicgraphic recordings, although thene
are & few longiuding! databases that can be accessed
thiat hawe hand-wrist and lsiersl cephalomeinc radio-
graphs taken simulzneously ™ All of the moderate- to
high-ranked studies selected in s review were based
on cross-sectional dsts, and these studies’ designg
hianve inherent imiations in terms of analyzing growh.
Croas-sectonal sampling = relatvely insensithe to the
individual varishiity sesn easily in 2 longitudinal
sample. In the study of growth and development,
longitudingl research is an essental method for the
detailed study of craniofzcal growth, which can
det=rming a patient’s unigque development type and
make possble continuous Comparson.

According fo Soegiharto et al. ¥ studies of this typs
ghoulkd be longitudinal, but the dificultes of obizining a
large sample size and the assocated incease in the
numiber of radiographic exposures tend to preciude
this methodology. 'With regard to randomization, onby
e studies of Chang et al® and Gabnel &t al™
superfica iy menboned that the sample records ans-
lyzed were randomly selectsd. However, the apecific
crtena for randomizaton were not described in their
arbcles.

Oinity the aricle of Uysal et 8™ esteblished rigorous
sample selechion onteria, Bking indc Scocount Con-
founding fzctors such as lack of relsthe medical
history, ethnicity, systematc diseases, medical syn-
dromes, and hormonal disorders. Consdenng the
infiuence of these cofactors on general growth and
development, we judge that their igorous oitenon i3 a
plessant surprise that should be mimicked in future
related studiss.

Thee walidity of CWM in the evaluation of craniolacial
growth has been guestoned. According to Gabnsl
et al.,"™ most of the studies that cted high-reproduc-
ipility resuis for the CWM method [(>90%) used
tracings of the cervical verebres instead of he actual
radicgrapha during the CVM stage procesa, which may
infroduce bizs inthe staging results, and some studies
used few rigorous messwres of associstion for
messunng agreement Detwesn judgss. In a2 sample
aof 30 untrested subjects randomly selecied, Gabnel
et al. "™ concluded that VM was a poory reproducible
method. We do agres that the study of Gabnel et al.™
was the first specifically designed to eliminate the
methodolegical emors observed in ofher studies of
CVM reproduchility. However, the intraesxaminer re-
produciiity outcome they found was interpreted as
“lovws,” wihile 2 widely scoepted scale of reprodudc biliy*
woukd score it from “moderste” to “swbstantisl ™

Furthermaore, during frequency anahysis of intsrcbseny-
&r sgreemant and disagreement 3t e sscond tme
point in the study, the percentzge of agreement
increased 108 (80T o 665), whie dissgresemenits
decreased (743 to &B5). At the second time paoint,

Angle Orhodonist, Vol 82, No &, 2018
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3 weeks after the first cbesrvation, the obasrvers wers
retrained in the CVM method. Finally, the interexami-
mer reproducinilty (Kendsalls W) wes moderate at e
initial and 3-wesk tme pencds.

Soegiharno et al.,* Chang et al.,"Laist al. ™ and Lhyaal
et al* cited reproducibility results ramging from 85% 1o
4E% using patent” acisl radicgraphs. To determine
values of reproducibility, these stwdies uwsed the
Spearman rank comelation test or Cohen's Kappa
statistic. These are adeqguate messures of E3sociaton

Anglo Orfrodonisl, Vol 82, No 6 2012

used for ordingl data, recommendsd for measuning
sgreement betwesn judges. Howewver, two of heas four
studies™® wsed e authors fiemse s &3 obsarvers in
intenobse rver and infrecbsener ageemeant. Acconding
to Gabnel et 2l "™ suthors wiho sene &3 obaeners have
a “research-level” understanding of the CVM method,
and, because of this, reproduciility results might be
oversiated. We concuded that in studies in which the
authors themselves serwe 23 obaervers, both the
discussion and conclusion sections shoukd report
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Tabls 4.  Exianced
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Rnga Datwann DLES0 9T for I indana wald chinigal dagnosic mathods Wit
Shn oS ard g, mepsc ey, and 0594 whilch 30 deaminate patmnds Inio Tosn
095 gy wihila Doys & g, PR R Tl Wi Nards mod 7ol afia ned poalk peubartal
Z Thea ILn cxonoDilainon a0 shiowssd good growen and Thosa wiho Naee meachod or
cormindon bodvwnan o o masam pasand £ Tha FOC analras shownd
s for bofh se and dNnc QLTS Tt HtWM i @ mora acouraie e Tan
m SV feesd im ferms of predicling
shplotal maduradon, d T ditlomnco is
wriikaly 30 be dinicaly meand.
S TR FaIn OOk OO Mo rvailiadod 1z GVl siowend high repracuaoliy. Coath Tha SV maihod camn o used &5 a

I i oot i

Cilnnd mnga Dndwssan LS55 SET for it
IFbamorarnireT. 2 Th oo aiinrs e
Feman VA anid BRI maturaiion wee
056 g seonas: Comibirmd, 0.73 S miaing,
ared 028 flor emain Swisgmces. Al wom

significant & F < 001,

maturty indioator of Tha pubariall grow
ol wilh & dagma of condidencs Similer
o Thad of soma o Indoators such as
Fand-wisl cdlograph.

chearty thatthe results were obizined by observers with
a high lenel of expertise inthe OV method.

Thiree studies® ™5 inchuded in tis review desoribed
sgnificant comelaton (vanshle comelation strength)
betwesn hand-wnat skeletsl matureton and CWM
Lhyaal &t al®™ reported moderate to high comelation
beteresn CWVM and HWM for boys (r = 0.78) and girs
{r = 088). Chang &t al" and Lai et al.™ found a high

degres of comelaton between OV and HWM for boys
{r = 0.97/091) and giris (r — 0.97/0.94), reapectiely.

This difference may be attributed o the vanety of
CWi methods and different sample sizes. The audy of
Imanimoghaddam et 2l reported a different comsla-
ton between speciic OVM metiods and the same
HWM (TW3 method) in & unigue sample. This finding
i3 comsistent with those publicatons®™ =7 that iden tfied

Angla Orhodannst, Vol 82, No 6, 2012
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comelations of vanang strengths betwesn VM and
HWM uzing diflerent SV methods.

Wong et al'Y steted that the CVM metod 3 not
senaitve for detecting matunity except in the growih-
apurt pencd and that studies with wide age range, such
&3 5 1o 16 years, might affect e comelation costhcient
obtained because of the inclusion of subjects with
skeletal matunty far from the pubertsl growth. They
used an e range from 10 o 17 y=ars in & previous
study. In four artices*t=® from our sample of fie

selected studies the age ranged from & o 18 years, but
in two of the studies®™ the comelaton coefficient
seamed not to have been alected by age vansty.
According to Soegiharo et al,” comelation values
are mot able to demonstrate that one method s better
than the other. They evaluated the eflectvensss of the
skeletal maturaton index and the CVM index through
receiver operatng charscienstcs anahmia. We judge
that their results provided the unigue and best
documentsd ewdence that really introduced a reliable
analysis of the effectvensss of the GV method in
detecting peak pubsrtal growth. They also determined
significant differences in the abilty of the CVM and
HWM methods to predict pubserial growin. Alfough
statistically significant differences were obssrved
betwieen the two methods, their findings indicate that
baoth the skeletal maturaton index and the CVM index
are valid clinical diagnostc indices for the prediction of
peak growth of the maxilla and the mandible.
Finally, the predicton of skeletal mawration meth-
ods improves a3 the time of the growth spurt is
approached. As stated by Houston et al,* the use of
individusl osaficaton events i3 of limisd use duning
pubsrial growth-spurt predicton, amd anabrsis that
includes bone stages a3 well a3 csafcation events i3
recommended.?

CONCLUSION

« Although some studies indicate that the CVM
metod shows good comelation with the HWM
method, with congidersble levels of reproducibility,
thess parameters are not good enough for deter-
mining the validity of the OV method. Furthermare,
these conclusions were based on s arbcles, which
points to & bw level of svidence, and the biggest
question remaing unansversd: How reliable B8 CWVM

staging for predicting the pubertal gpur?

REFERENCES

1. Bacoot® T, Fench L MoMNamam JA F. Tha ocoracal
sofabral maragon {CVA) method for ®o assesomont of
aptmal tmatmant Sming in donioiasial ohopadics. Somn
Orifrogd. 20061 121181249,

Angla Orhodontst, Vol B2, No &, 2012

32

SANTWGD, COBTA VITRAL, FRAGA, BOLOGNESE, M,

2. Soogiharo BM, Moles DA, Cumningham &1L Dsodminatony
ahlity of a sholotal matraion indox and ®o conical
wodobran maturaion ndm in dotecing poak pubodal
growth in indonesian and while subpols wilh | nooEv
apamiing chamclesios analyss. Am J Orfrod Derfo facial
Crffrop. 2008;1 34227257,

3. Roros-Mir C, Hobbe B, Magx PV, Usa of skolotal
matumton based on hand-wist mdiographic analyse as
a pmdidor of fagal gowit a sysomato rovow. Anglr
Cirifrool 2007 £:118-124.

4. Housion W8, Miler JC, Tanne J8. Prodcion of tha Sming
of Ho adobbant gows spud from ossiicaton avents n
randwret fims. BrJ Orifrodl 197806185152

5. Hamal B, Farman AG. Sooletal maturation avalustion using
oovical vorotwan. Am J Orffed Deniofaced Orifrgp, 1995;
107 S G.

6. Chang HP, Lmo CH, Yang YH, Chang HF, Chan KC.
Comalaion of corvical sofobal matumion with hand-wis
matumion n ohidnan. iy Mg Son 2001; 17-29-05.

7. Gandmi P, Mananm M, Andreani F. A @mpasson of hand-
wist bono and oconical wdobral a in maasuing
shnin sl matumion. Anglr Orifoo. 2006 ;76 904059

8. Gmuich WW, Pya SL aphac Afas of Skoeiefal
Dewribpmaent of Hend and Wist, 2nd ad. Sardord, Cali:
Stanford Uniearsiy Pross; 1955,

4. Tarmar J&, Whitshousa AH, Camomn N, Marshall WA,
Hoaly MMA, Goldstan H. Assessmeent of Skelrmd M i
and Prodeton of @ Adult Height (TW2 Mefod) 2nd od
Londan, UK: Acadarmo Pross; 1983

10. Bowdan BD. Epphysa dhanges n o hand'wis anoa
as ndimions of adolescont staga. Avst Orfficd L 19764
B =104,

11. Fehman LS. Radiographic o valuaton of shoolotal maurason.
A dnoaly otonted mafod besad on hand-wnd fims
Anglr Orffed 198255285112,

12 Houston 'WJ. Roatonships botwoon skolotal matunly
msimatnd fom hand-wiist radiographs and e tming of
tha adaolesooni gewe spul. Ewr S Orffed 1980:2-81-83.

13, Smith AL Msusa of hand-wist radiographs. Am J Orfhod
98T T-TE-Ta.

14. ‘Wong AW, Alkkhal HA, Aabio BM. Uso of mnical vonobral
matraion o determing skoletal age. Am J O hod Do
facial Orfeop, 200801 id 84 al-4 8406

14, Malion ZL The Patfern of Facial Skelriad Growth and i
Aoiatorip o Voooes Common indoes of Mafurafion
[Thass]. S5t Lows, Ma: 51 Lows Unisansity; 2007 .

186, Lampamskd DG, Skelotal Age Assessment (Riizng Cenacal
Vorfebore [$hosis]. Pisisburgh, Pa: Univanaty of Pitsbungt
a7

17, Chan LL, Xu TM, JSang H, Zhang XZ, LnJX. Guatatve
onvioal voriahval matumion assessmont N adoasconts
with normaloociusion: amixed Dagitudinal sudy. Am J Orifod
Do facel Orfrop. 2008134 7200 1-T20.a7 .

18. Kamal M, Aaginy Goyal 5. Comparatvs evaluaton of hand
wis! mdographs wih corical vofobma for sholota
rmaturaiian in 10-12 yeas ad children. J indian Soc Pedod
Prov Denr 200624127 -135.

14, Gabeal D8, Southad KA, Gan F, atal Corvical veriobras
maturaion mathad: poar abiity. Am J Cdfrod Den-
fof acial Orffop, 2009, 13647 S.01 ~£78 a7,

20. Chatngann A&, Halbmoneis DL Goomotno momphomaatnio
wrvalua fon of condcal variobma shape and s misDnship o
sialatal matumton. Am J Orffod Dene Geiaf Orfop. 200,
13628 1o —28 el

21. Papadopouins MA . Mata-analyse in awdancs-based oo
darfios. Orifed Craniofac Res. 20036 112-126.



CERVIGAL VEATESHAL AND SHELETAL MATUAITY

2 Bm EV, Aliman DG, Eggor M, ot al Tha strengthaning
fa mpxing of ofsevatonal shidms n apdenoibgy
{STROBE ) ststemar: gudaings for repoding obsareatonal
studns. PloS Med 20074 1623-1627.

2. Bosuyt PM, Rotsma J8, Bruns DE, of a. Tha STARD
Staternant for Aopoarting Studes of Diagnostc Acoumoy:
mplanaton and eahomton. Cin Chem 2003439-7=14.

24, Lagrawara MO, Mapr P'W, Florss-ddir C. Long-farm donfal
arch changes afier rapd mandlary opansion trestmant :
a systomatc roviow. Angle Ofhod 20087 5:1 55161,

25 manmoghaddam M, Hores F, Khalap M, Esmaily H.
Evalhumsion of o @mmenion of diffomm methods in deoarmin-
g s iotal ety edon oonvical wariehras N laoral
ocaphangmm. . Mesfad Dent School 200853890102

2. Lai BHH, Lu JP, Chang JEC, of a. Radogaphic assoss-
mart of sioalatal matraton stages for onhodortc pasonts:
hand-wrisl bonas or oonvical wosobran? J Formos bed
Asgoc, 20081 073 16-208

27, Uyml T, Ramogiu 51, Bascficl FA, San £, Chronolbgio aga
and sainial maturation of the conical vafabaa and hand-
wist i Som a ralatonship ? Am J Orifod Denfolac Odhop.
20081 M-

28 A Khal HA, Ricky W, Wong K. Eimnaton of hand-wisi
radogephs for mausty asmasman in childmn noading
orfhodon io hompy. Skeietl FArdl 2008371 95200,

29 Caldes MP, Ambrosano GMB, Hatorhoio F. Compuar
asusiod analysis of condcal warabml bona age uang
ocmpfalomato radngaphs in Boalian subpots. S Oral
Aes. 201 (24120126

3. Catabvana M, loonardl A, Zaboma G. Vauiamone dalln
warighm mnicall par B detsrmnamona Dalfdsta schala-
trim. Aiv il Oiolomioar e infant. 19080, 2121 S=20.

3. Floms-dr C, BumgossCa, Champnoy M, of al. Comolason of
shoalotal matumton stages datarminad by cordcal warohon
and hand-wia ovalussons. Angle O oo 20006761 -4,

. Gamafoenadar P, Toma H, Fioms L, Roa 1 Tho corscal
warahme as matusSonal indicaons. J Cin Orifod. 199852
21208

. Grava T, Tosnsand G, Hand-west and coracal sodoeteal
maturaion ndicmons: how can oo avars ba usad o Sma
Ciass Il rextmenis? Aust Ohod J 200315035458,

33

1131

M. Grppaudo G, Garmwich O, Valpe &, Lapio C. Compamia
o uason batwoon corviaal vara bal marphalog y and hand-
wiisd  magh for sholotal maturafon assossmont.
Mo Sromr ol 200655271 =280

35 Kuousoolos M, Acar A, Ben 5, Anun T. Comparsons
botwoon corvimal verabme and hand-wist maumon for
fha mmsecsmant of skoletal mateiy. J Cin Pedertr Dot
1 SR, 2 7D

3. Loarmta JA, Bono AE. Conndacdn ouosiorma artra la
dotermmacdn do la odad dsoa proveanto do la manad
mufam y La adad doaa do Bs woiebras onicales. Soc
Argert Orfod 199852 19-28

37. Lima KTF, Saas AD, Soares EA, Cruz HN, Soarss ARP.
Comparagio onim inds mdlodos pam a dateminagio da
maturagio osquaidtica. Odomolbga. Ciin Cient. 2006:8:
A5-55_

34 San FAomdn P, Pama JC, Cieo MD, Novado E. Soalnial
maturation determined by corvical wofobrao dovelopmon .
Eur J Orffrod. 2002:24:503-31 1.

. Sohl J, Mular B, Dibbatz J. Tha devalopmant of ha
oorvical vorisivan as an indosior of sooiptal matty:
oompanson with fo dassio mothod of hand-wist radio-
geph. J Orofrc Orifage. 2008, 70327 =208

40, Sarios ECA, Bador FA, Amries FM, Ros PR, Barfar AP
Suointal maturation analyes by morphoibgicsl evalusson of
o oonvical vareb@ma. J O Pedi i Dot 2006302568 -27T0.

41. Gamaos ECA, Baftaz FA, Aramas FM, Ros PMP. Avaliagio
da mpmdgbidads do método da deasnnagio da
maturagio ssqualdtca por man des wafobos mmcas.
A Dot Press Orfodont Odop Feonl. 20051 0052 -6

£ Bacmn T, Franchi L Mchamara JA. An impmosed warson
af tha corvoal wadetral maturasion {CVd) mathaod for ®a
amasnan of mandibular growsh. Angle Crffod. 200272
G323

41, Caldas MP, Ambrosano GME, Hater Nato F. Now fomuin 1o
abpachealy avalae shoalatal matysbon uang lalanal oapha-
lomato radiogep e, Srae Oral Res. 20072 12330338,

4 Land= JHA Koch &E The mossuremod of obsoreor
agmomam for catwgodcal data Siomaetrics 197733
158-174.

Anglo Orfhodonist, ol 82, No 6 2018



34

45ARTIGO 2
Santiago, R.C.; Duque, P.H.R.; Campos, M.J.S.; Cerrone Jr, G.; Vitral, RW.F.;
Costa, L.F.M.; Bolognese, A.M. Analysis of the reliability of two qualitative cervical
vertebrae maturation methods for growth assessment in orthodontic patients.

Orthodontics and Craniofacial Research (Submetido)



Orthodontics & Craniofacial Research

Analysis of the influence of individual tracing on the
reliability of two qualitative CVM methods

Orthodontics and Craniofacial Research

: | Draft

: | Oriainal Articie
: | Diagnostic research, Growth & development, Imaging

Keywords (Please write 3t0 5
keywords according to Index
Medicus):

skeletal maturity, cervical vertebral maturation, reliability

SCHOLARONE"

Man UsSCripts

Orthodontics & Craniofacial Research

35



R RS S F R AR - R T b B e i ki skt

Orthodontics & Craniofacial Research

Titile Page

Amalysis of the infloence of individual tracing on the rebiability of two quoalitative
CVM methods

RC Saﬂr.':rgo\’;
FHE Dugue,
MJS Campos™;
& Corrone Jr;
RWF Firral':
LFM Costa';
AM Bologneze’ .

| Department of Pedistric Dentistry and Orthodentics, Federal University of Rio de
Taneiry — Brazil

* Department of Social Denfistry, Federal University of Juiz de Fora — Brazil

F.eliability of two cervical vertebras manmraton methods

Correspondence fo:

Fodnge Santiago, Deparment of Pediattic Denfistry and Orthodonfics, Federal
University of Fio de Janeing — Brazil

Espirite Samio 5t, 11151408, Center, fuiz de Fora — Minas Garais — Brazil

EIP 36016200, Telephone number (+553230840011)

E-mailrodrise cesar samfissoiihotmail com

Abstract’ s mumber of words: 142

Full Manuscnpt”s nomber of words: 4350

Orthodontics & Craniofacial Research

36

Page 4 of 2T



Page 3 of 2T

B R S RS S R AN A BN R RN B R R BN NN E s anRanngeR e mk -

Orthodontics & Craniofacial Research

Abstract

Amnalysis of the influence of individual tracing on the reliability of two gqualitative
CVM methods

Authovs — Santlago RC, Dugue PHR, Campas MUS, Camone JR (@, Virsl FINF, Costa LFM, Bolognese
AM.

Offeedves - To assess the interrater and inmarater relisbility of two cervical vertebrae
maturation (CVH) identiScation methods (5-stage and &-stage methods), as well as the
influence of marmmal individnsl Tacing on the reproducibility of the methods smdied.

Sering and Semple Populadon - The Deparonent of Orthodontics at Federal University
of Tniz de Fora. Minety Lateral cephalometric radiographs randomby selectad by lot.

Marerial and Metheds - Five orthodontists were selacted as examiners. Analysis of the
radicgraphs was performed directly on light boxes or by individusl racing of cervical
veriebrae at 2 different tme points, with §-week intervals.

Resnlrs: The use of the S5-stage method led the exsminers to present improved
performance, with 61 5% of agreement for intrarater snd interrater relisbility. Regarding
to the use or not of 3 mamal macing, the direct visual exsminaton of the radiographs
led the examiners to present improved performance on imberrater relisbality, with a 62%
of agreement on both Gme poinfs. The mean valoes of weighted kappa for imtra and
inferrater agreement ranged from 0,62 to 068,

Conclusions; The overall percentage of agreement observed In the present stwdy was
similar, regardless of the use or not of @ manual mwacing. The values of reliability suggest
that clinicians need more fraining i the CWVM methods or thers 1= 2 need o improve
exizfing gualitative methods reducing the varsbility during interpretations.

Eeywords: skeletal matarity; cervical vertebral maturation; reliability.
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Amnalysis of the influence of individual tracing on the reliability of two guoalitative
CVM methods

Chinical Belevance

A befter understanding regarding to the relability of the CVM metheds, with stodies
that evahuate its reproducibility using metheds that elminate the methodological shorfcommzs
of previows reparts, adding an extra level of sophistication on data analysis, 1= essential befors
clmical use of the CVM methods can be advocated
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Amnalysis of the influence of individual tracing on the reliability of two guoalitative
CVM methods

Introduoction

The applicability and efficiency of a tuolomical indicator of skeletal mafurity are
directly related to factors such as ability to detect pesk growth without the need for
additonal mdiographic exposure, ease of recording data, consistency in interpretation of
data, and ability to amficipate ocoarrence of peak growth (1) In this context, the nse of
the cervical verebras mamraton (CWVA) method has been suggested as an aliematve
1o hand—wrist radiographs in detemmining skelstal maturation.

Extensive research has identified substantial correlafion between the CWVAL
methed and the standsrd method wsing hand—wrist radiographs regarding skelatal
age (2-6) However, according to a previons study (7) comelafion anslyses are
unable to detenmine the applicability of 8 disgnostic method; this requires analysis of
the accuracy of the method with identification of discriminatory power in detecting peak
pabertal srowth.

In rmsculoskeletal practice and ressarch thers 1= frequently a need fo determine
the relisbility of measurements mads by clinicians—seliability here being the extent 1o
which clinicians agres in their rafings, not merely the extent to which their ranngs are
associzted or comelzsted. Defined as such I fypes of relisbility exists: (1) agpresment
berween ratings made by 2 or more clinicians (interrater reliability) and (2) agreement
between rtatings made by the same clinicians on 2 or mors occasions (Infrarater

reliability). (&)

Orthodontics & Craniofacial Research
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According to a previous research (%) the efficiency of the OV method lies not
oaly in its accuracy but also in it reproducibility at the clinical level Stadies on the
reliability of the CWA method report inmacbserver and imterobserver agresments
exceeding 90%.(4,5,10,11) However, this high precision may be due to imporant
methedological shorcomings. ()

In a previons smdy,(9) which sought to eliminate methodological flaws that
could directly affact the reliability of the method, it was concluded that the CVM
method has poor reproducibility and should not be nsed clinically as the only guide in
defining the optimal time for crthodontic restment. However, the study leaves some
questions unznswersd, such as how to clearly frain examiners, fme gap befwesn
training and execution of snalyses, sample size analyzed and inferpretstion of the
reproducibility valnes nsing a reference scala.

In a recent systematic review(l2) it was concluded that the smdies om CWVAL
methed suffer from serions methodological falures, suggesting that better-designed
smudies should be performed to validate the CVA method for radiographic assessment
of skeletal maturity. Thus, the present stody aimed to evaluate the reliability of 2 CWVAL
idenfification methods, eliminafing the methodolozical flaws observed in previons
smudies, and analyze the influence of prior individual tracing on the reproducibility of

the methods.
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Materials and Methods

Minety lateral cephalograms were randomly selected fom those of 172 male and
females patients of T-18 years of age. To ensure homogeneity of the sample. the hand—
wrist radiographs of the 172 subjects were first analyzed to detenmine the stage of
skeletal mamrity acconding o the method developed by Fichman (13) Fifieen patients
were randomly selected by lot from each group, as determined by Fishman's 11 stapes
{(Groap 1, SMI 1 and 2; Group 2, SMI 3 and 4; Group 3, 5MI 5 and &; Group 4, 5MI 7
and &; Group 5, SMI 9 and 10; and Group 6, 5MI 11}, to vield a total of 20 patients in
the sample. The zroups were established taking info acconnt the direct commespondence
betwean some SMI lavels and six different categories of CVA establizhed in 3 previons
smdy.(11)

In composing the sample the following inclusion criteria were followed: (1) no
history of ranma to the face and’or hand and wrist; (1) absence of congenital andor
acquired malformations that would affect vertebrae and'or hand and wrmst; (3) no
modifications of development due to hormonsl syndromes or disorders; and (4) hand—
wrist radiographs and lateral radiographs of the same patient performed on the same
day.

To determine the stage of skeletal matarity according to the lateral radiographs,
2 gualitative methods were employed, namely, Baccetti, Franchi, and McMamara{14)
{5-stage method) and Baccetti, Franchi, and McMamara{l5) (§-staze method). The Srst
method analyzes the C2, C3, and C4 cenvical vertebrae according to 5 distinct stages

(Figmre 1), while the second uses & stages to determuine the manwaton of the same

Orthodontics & Craniofacial Research
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veriebrae (Fignre ). Complete details about CWVM methods can be  found
elzawhere (14, 15)

Five orthodontists who did not hawve previous expensnce using the OV method
were selected as examiners, The 5 examiners received waining in the nse of the 2 CWVAL
methods by a denfal surgeon who specializes In maging technigues and has extensive
experience in the methods of interast. The presentation was held in PowerPoint format
(MicrosofrE) with an average duration of 10 minntes and communicated the 5-stage{14)
and G-stage(l5) methods exactly as described, with emphasis on the definition of the
maorphology of the €2, C3, and C4 vertebrae, 2z well as on the idenfification of the
different stages of skeletal maturation dafined by the 2 methods.

Immediately after waiming, the %) radiographs were analyzed with the aid of
light boxes in a darkened roomm 1o ensure contrast enhancement of the bone images. The
radiographs were analyzed in 18 rounds, each contzining 5 light boxes. There was no
commumication allowed between the examiners and they did not have access to aoy
additenal informaton regarding the patent such as age, gender, and stage of teething.
Dumng svalustion of the vertebras, a sheet of black cardboard with a central rectangular
cutout was placed on each Lght box (Figure 3), which allowed visunslization of oaly the
ares of interest Templates containing the OV stage: according 1o the methods(13,14)
ware positioned on each lizht boe, as shoam m Fieures 1 and 2.

Two types of evalustion were emploved for the analysis of cervical vertebrae:
Type 1, evaluation using manwal individual macing of the C2, C3, and C4 vertebrae; and
Type 2, direct visual aszessment of cephalometric radiographs. The whole procedure
was repeated § weaks (TX) afer the first evahiation (T1) with a random distmibution of
radicgraphs n differsnt sequence from the first assessment. All exanuners received the

same fraining again as for the first evaluation.
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Stanstical amalysis was performed using the 5P55 130 and Medcalc 12.2.1.0
software packages. The overall percentage of agreement intra and interrater was
calculated To analyze reproducibility, the weighted Eoppa test was employed for

assessing intraobserver and interobserver agreaments.
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Besults

Dhsregarding the methed and form of assescment, thers were 2074 (57.61%)
interrater agreements and 1524 (42.30%) disagreements at T1 and 2110 (58.26%)
agresments and 1481 (41.14%) disagreements af T2 (Table 1). Considering the tested
method and form of assessment, the highest percentage of nterrater agreament at the 2
instances of assessment was evident during the analysis performed without the aid of
mamal fracing according to the method estsblished by Baccett, Franchi, and
Mchamara . (14)

Om averags, the welghted Fappa vahie for mferrater agreement ranged hetaeen
.62 and 069 (Table 1). The interrater disagreement was evalusted to detenmine the
stage gZap involved, for example, 1 stage apart or 2 stages apan during diszgreement
(Takle 2). The 5-stage method({l4) without mamal macing showed §7.6% of the
disagresments betwesn examiners due fo 1 stage apart at T2 (Table 2. Owerall the
disagresments by 1 stage apart were seen in 77 8%:—82 1% of the observations in the &
stage method(15) and in 81.4%—87.6% of analyses by the 5-stage method (14)

There were 1800 intrarater observations performed on the 90 individuals in the
sample, 900 through mamal individual wecing and 900 by direct visualization of the
cervical vertebrae mmagss. Among the methods suggested, the percentage of infrarater
agreament was higher when using the 5-stage method(14) (Table 3)

Cm averags, the welghted Bappa vahue for infrarater agreement ranged bemeen
065 and 0.67 (Table 4). The weightad Fampa coefficient not only measares the level of
agreament, but alzo factors of level of dizagreement. This explain: why the observed
difference betwesn the percentages of agreement smong the mathods considered was

greater than that observed between the wvalnes of the Ryppe cosfficient Thos, the
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frequency of mrachserver disapreement by 2 or more stages apart employing the
methods developed by Baccetti, Franchi, and McNamara(14,15) without tracing, was
higher compared with the same methods with tracing (Table 5). The method propesed
by Baccemi, Franchi, and Mclamsara(14) spalyzed with mamal oacing showed 87.4%

of the inconsistencies of an observer in relation to his initial assessment due o 1 stage

apart {Table 53
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Discossion

We attempied to elimunate methodological shorcomings of previons studies in
accordsmce with & recent study(8) and added key points to confrol possible bias. The
first concern of this study was o avoid selection biss in the sample, becawse cerain
morphological charactenstics of the cemical vertebras, such as the pressnce of a
concavity in the lower edge, would be more easily identified when compared with the
veriebral body shape (rapezoidal borizontal rectangular, square, or vertical rectangnlar)
and influence the reproducibility of the CVM method. (146)

T reduce the possibility that the sample in this smdy wonld contain 3 number of
divergent individuals in 3 CWM stage that was easier or more diffionlt to identify, the
skelatal matrity was previonsly determined by the method of Fishman{13). According
o a previous smdy,(11) thers iz a direct comespondence batween a combination of some
skelefal maturation levels defined by Fishman's HWA method and different categones
of cervical vertsbrae skeletal maturation The finsl sample was randomly assemblad by
lot, containing an equivalent number of mndividuals from each group, as determined by
carpal radiography. without the knowledge of the examiners.

With regard to mfonmation bizs, all 5 examiners were presented with the
cephalometric radiographs of the study imopediataly affer traiming snd completed their
classifications under the same condidons. Thus, unlike the method adopted inm a
previons work(9) that does not describe clearly the maining of the examiners nor the
time and the condifions in which the examiners performed their evaluztions after
receiving waining, the methodology of thiz work eliminates the possibility of
information bias, which can interfers directly in the levels of reproducibility of the

methaed.
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The percentage of [merobserver agresment was virmeally the zame at the two
time points of this smdy, with more agreements (approximately 0% than
disagresments in both evalostions. This result differs from that found in a previous
smudy, (%) in which the percentags of imterobserver agreement, regarding the stage of
CWAL idennfication, was less than 50%: in both evalustions. This difference may be
related to the methodology of the present stady, which eliminated the possibility of
information bias, thus improving the observers agreement

It was hypothesized that slthouwsh the reproducibility of the method could be
questionable, it may perform better once the examiners understand the details mvolved
in identifying the different stages of maturation of the cervical vertebrae. In the present
research, a slightly higher level of interrater agreemsnt in T2 was observed, may be
linked to the fact that the examiners already had a prior mnderstanding of the methods
under analyzis, but these differences were not statisdcally significant (p=.05).

An intra-exsminer agreement of &M% on average was observed in this stedy.
This result is similar to that of a previons smdy.(%) The percentapes of imter- and
infrachserver agreements show that, on average, exsminers dizagree m their ocwm
assessments of among themselves in 1 of every 3 evalustions, demonsirating the
variability of the methods for CVM identfication analyzed in this smdy.

The percentagze agrsement between staging 15 an wnequivocal messurement of
reproducibility. (9) However, the overall percentsge agreement did not takes into
arooumt the agreement that wonld be expected purely by chance. Cm the other hand, the
Fapme coefficient 15 & specific statistical method conmoeonly nsed to assess reliability,
indicating the proportion of agreement beyond that expected by chance (8)

The coefficients of interpbserver agresment (0.62 to 0.69) and infrachserver

agreement (065 fo 0L6T) of the present smdy are well below those found m the
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literanare, where agreement coefficients of 0.85-0.98 have been reported (357,10}
However, according to another mesearch (U] the majonity of these studies did mot use
rigorous statistical measures of association regarding the evalnstion of imter- and
inwachserver agreements for ordinal data. The cited aathors used the zame statistical
test applied in this stody, the weighted happa coefficient for analysis of infrachsemver
agreament, which ranged barmween 060 and 0.65. Although these values are comparable
with the mean values observed in the present study, the confidence intervals associated
with the Kamra values calonlated in the present smdy differed from those of Gabrnel and
colleagues, (9 with a small range of plansible valoes for the value of Kappa, with a 95%
leval of confidence.

According to 3 previous ressarch(9) the walidity of the CWM identification
methed is in its reproducibility berween examiners. If clinicians do not agree with
respect o maturation stage, the method has no climcal relevance. Furthermore, the
oumbrer of stages apart in dizagresment between 2 pbsarvations indicates the degree of
randomness in the staging according to the CVAM method In their sdy, interobserver
disagreement by 2 or more stages apart ecowred 20%: of the time on average With
respect to intracbserver disagresments, these ocomred by 2 or more stages apart in 34%
of caze:s between evaluations. In the present work, the disagreements by I or mome
stages apart ooowred, on average, in 16. 7% of cases amongz exarminers and 17 2% of the
time in infrechserver sszescments, Probably, the method of waining of observers, as well
as control of information bias, adopted in this smdy may have conmibuted 1o the beter
performance of the CWVM identification method with respect to the observed
discrepancias. Finally, stating that the walidity of a diammostic method i in its
reproducibility is misleading. Actally, its validity relates to how well it enables the

clinician to predict growth spurt.
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To date, no studies have evalnated the influence of manwal individoal oacme of
cervical veriebrae on the reproducibility of the OV identificaton method In the
present research it was hypothesized that the companzon between the fracing and the
template could mterfere on the reproducibilify of the method This fact was not
considered i a previous stody(®), and an improvement in terms of repreducibility
could be expect because the exsminers made thelr evaluations compsamng their
individual manual fracings directly with the templates contaming the images of the
different TV stages. However, the results showed that the nse of mamal tracing was
not directly reflected in higher reproducibility of the metheds evaluated. Rather, the use
of manusl tracing reduwced the interrater percentaze apresment and the kappa
concordance coefficient betveen examiners.

Studies on reproducibility of 8 methoed using the anthors as examiners may
produce overstated results due to greater nnderstanding of the OV method (9)
However, this hypothesis was not verified in this sdy, in which the 5 examiners were
alzo authors of the smdy but did not have any in-depth mnderstanding or experience of
the CVH methods of identification. The reproducibility found in the results was well
below that observed in previous smedies(4,5,6,10) in which the anthors were also
examiners. When authors act as examiners, clanfication of their level of mderstanding
and experience in relation to the mathod of determining CVM is appropriate.

Finally, the possibility of the CWVM method employed mfluencing the
repopducibility was considered. The results of this study indicate that the method
advocated by Baccetl, Franchi, and Mclamara{l4) showed better performance in terms
of inter- and inwsobserver agresments. This fact may be associated with fewer stages

adopted by the Baccetti, Franchi, and McMamara(l4) (5 stages), when compared with
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the Baccen, Franchi, and McMamara({l5) method (6 stages), reducing the possibility of
disagTesment between assessments.

The results showed that the reproducibility of the CWVA identification method
amalyzed could be affected by factors such as sample quality, adequate traiming,
evalnation method snd expenence of the examimers appear fo directly influence
reproducibility. However, the questionable reproducibility of the method of determining
CWAL does not, by itself prevent its wse. The hand—wrist radiograph, which is
considerad the most standardized and utilized method in orthodontics to analyze skelatal
maturity,(3,17,18) also presemts guestionsble reproducibility, as was shown in a

pravions work (197
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Conclusions

The use of mannal racing is not directly reflected in higher reproducibility of
the methods evalnated, and the method advocated by Baccetfi, Franchi, and
McMamara(11) showed the zame performance when compared with the Baccefm,
Franchi, and Mchamara(l2) according to the weighted Koppa concordance coefficient.

There was a significant variability of the OV methods evalusted, with an intra-
and Imterrater dizagreement of approxmately 40% oo average. It might mesan that there
iz 3 nead to improve existing qualitative methods with adeguate examiners training, or
te develop objective (quantitative) methods, that reduce the vanability of inference

amatysis of the CVA stage due to individusl mterpretafions.
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FIGURES LEGENDS

Figure 1- Method developed by Bacceni, Franchi e McMamara (14)
Figure 2- Method developed by Bacceni, Franchi e Mchamara (1 5)
Fizure 3- Method of cervical vertebrae visualization oo Light box
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Tabile 1. Interrater agreement pencentages and the Welghied Kappa coefMcents for Intemater agreement analysis

Detwesn he Initial (T1) and G-week times (T2)

Orthodontics & Craniofacial Research

Time of Method Type of Agreement’ % Welght=d Kappa
Evaiustion Empioyed EVaETon Wssgreement Fgresment Coafcient (05%
configence Wmis)
f-stage T 4531441 51.00 0.52 (0.52-0.71)
methag ** b 5357365 50,44 0.67 (0.57-D.77)
T
5-stage 1 S03/397 5588 .52 {0.51-0.73)
methon ' b ST7/3Z3 6411 .57 (0.57-0.7E)
SUB-TOTAL 207411526 57651 .55 (0.56-0.75)
o-stage, T 4B0/42D 54.66 0.53 (0.53-0.73)
method b 5321358 5311 .57 (0.57-0.7E)
T2
5-stage T SX2/ITE 5500 0.53 (0.53-0.73)
methog ** b SES/IE 65.00 .59 {0.53-0.50)
SUE-TOTAL 21191141 5856 0156 (0.55-0.7E)
TOTAL £1B0/3020 56.23 {156 (0.55-0.76)
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*“Evaluation using manual Ingividual tracing of the C2Z, C3, and T4 verebrae; ""Direct visual assessment of

cephalometric radiographs.
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Table 2. Camvical ME differencas Tor Intemater ﬂ|533|'E'EIT‘IEﬂ|3& ar.u:-nlng o the miethod IﬂE'l'EIEIp'Ed h}' Eaccedl, Franchl
& McNamara™ and Saccett], Franchi and Mchamara™ at the Initlal (T1) and 6-week fimes [T2)

T1
WIER manual fracing With direct wisua) Wih manual racing Wit akrect viswal
assassment assessment
Canvical Tofa) Cervicar Tartal Cemvical Total Candcal Total
stages dizagreement  stages  dlsagresment  steges  disagresment  stages  dlsagreement
gpart (%) gart (%) apart ) spart (%)
g-stage mefhod '
1 az1 1 TT.B 1 §io 1 B1.0
2 16.1 2 17.6 2 14.5 2 16.5
3 1.8 3 4.4 3 33 3 1.4
4 a 4 o 4 0.3 4 a7
5 a ] o 5 o ] ]
S-stage memag
1 850 1 314 1 B5.0 1 B7E
2 124 2 17.3 2 137 2 111
3 1.2 3 13 3 1.3 3 1.3
4 ] 4 o] 4 a 4 ]
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Tabile 3. Intrarater agreement percentage betwaen the Initial (T1) and G-week tmes [T2)

G-sfage method — S-sfage method ™
WWih orect wisual WIh direct wisual
Examiner Wih manus) recing assessmant Wih manual frecing assassment

1 60.0% [54/90) EE.5% (E0/90) E2.2% [55/90) T0.0% [E3/90)

2 £3.3%  (57T/O0) EE8%  (E2090) E7.7%  (E1MD)  T44%  [E79D)

3 63.3% [S7/90) 51.1% {45/90) ED.0% [54/90) E5.5% [S0U9D)

4 47.83% [43/90) 53.3% {43/90) £3.3% [4:3r90) 6. T% [51/90)

5 §20% (470} 4B9% (4490 E3.3%  (5TMO)  522%  [47/90)
Toia! 57.3% [258/450) E7.8% (2E0/450) E1.3% [27aM450) E1.5% [27EBi4E0)
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Table 4. Welgnt=d Kappa coefcients for Infrarater agreement analysls between the Inflal (T1) and 6-wesk fimes

iT2)
Welghied Kappa cosficient for the O-slage Welghted Kappa coeficlent for he 5-siage
method’ mathod
[05% confidence Tmits) (05% confidence Mmks)

WITh girect Wisua) Wi girect wisua!

Exsminer WEn manuas’ !IEEMQ assassment With manua.'.‘.'amg 255855 ment
1 D.ET (0L57-0.77)  O.72  (D.E2-0.8Z) D66 [0550.76) 073 (D.64-D.83)
z 0.73 (0E4-0.8Z) D076 (DET-0.85) 073 (0E4-0.82) 075  (D.67-D.86)
3 0.71 (0E1-0.81)  D.59  (D4B0T0) 064 (0.53-0.75) 060 (D49D.71)
4 0.62 (0L52-0.7Z)  D0.59 (D4%0F0) 060 (050-0.71) 0.9 (D.4B-D.70)
5 063 (0L54-0.73)  D.B4 (054073 070 [0E1-0.79) 0.9 (D.4B-D.70)
Mean D.ET {0L53-0.77) D6 (D.SE-DTE)  DET [051-077) 0E5  (D.S5D.76)
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Table 5. Cervical stage differences for Intrarater disagreements according o Te method developed by Baccsett
Franchl and McNamars™ and Baccet, Franchi and MoNamara™ between the Inltial [T1) and 6-week fimes (T2)

Wirth manual E"EE:'I?Q' WIh direct wisual assessmant
Cendoal stages spart Tota alsagreament (%) Cenical siages apan Taral arissgresment (3
S-stage methog™
1 £3.3 1 B0
2 15.1 z 16.3
3 16 3 26
4 o 4 1.1
5 0 5 0
S-zfage methog™
1 B87.4 1 g2.5
2 10.3 z 15.8
3 1.7 3 1.1
4 a 4 0.6
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Objmctives: The aim of this studf was to develop new scftware for quantitative analf<is
of carvical vertsbras mamration (CV), and to evalusie its applicabilitf through &
muktinomial logistic regression model (MLER). Methods: Digitized images: of the bodies
of the 2nd {CZ), 3rd (C3), and &th [C4] cenvical ven=brae wers anaifzed in
cephalometric radiographs of 236 subjects (126 bof's and 120 girls) bf using software
developed for digitized variebras analfziz [DVA]. The sargle was intal distribuied
into 11 cat=garias according io $he Fishman's sieletal matundf indicators and wene
then grouped infc 4 stages for quantiagve carical maturatonal change analfsis
(CECHAC I, I, L, and 1), Seven vanables of inberest were measured and were analfzed
1o identfi morphologic akerations of the vestebral bodies in mach QCME category.
Results: st significant differences (p < 0.05) were observed among all GCC
categories for the varables analfzed. The MLURM wikzed io calculste e probabikf
that an individual belcnged to =ach of the 4 CWV catsgories was constucted by taking
imba account gender, chronclogical age, and 4 varables determined hf DVA (Ang_C3,
WP_C3, MP_C4, and SP_C4). The MLRM presented a predictbibiyf of B1.4%.
Conclusians: Significant akerasons in the momphalogies of the &2, C3, and C4
weriebral bodies :nn‘le:d through the: DVA. software coour during the diffzrent stages
of seeletal maturation. The mode] that combines the four parameters measured on the
weriehbral bodies, the age and the gender showed an excell=nt prediction.
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Hew software for cervical wertebral geometry assessment and its
relationship to sheletal maturation - a pilot study

ABSTRACT
Objectives: In the present study, we developed a new software for quantitative

analysis of cervical wvertebrase maturation (CVM), and we evaluaied its
applicability through a multinomial logistic regression model (MLEM). Methods:
Dhigitized images of the bodies of the 2nd (C2), 3rd (C3), and 4ih (C4) cervical
veriebrae were analyzed in cephalometric radiographs of 238 subjects (126
boys and 120 girls) by using software developed for digitized veriebras analysis
(DA}, The sample was initially distributed into 11 categories according to the
Fishman's skeletal maturty indicators and were then grouped into 4 stages for
quantitative cerical maturational change analysis (QCMC |, 1, I, and W)
Seven wariables of imterest were measured and wers analyzed to identify
morphologic alierations of the wverebral beodies in each QCMC category.
Results: Statistically significant differences (p < 0.05) were observed among all
QCMC categores for the varables analyzed. The MLEM utilized to calculate
the probability that am individual belonged to each of the 4 CVM categories was
constructed by taking imto account gender, chronological age, and 4 variables
determined by DVA (Ang_C3, MP_C3, MP_C4, and SP_C4) The MLEM
presented a prediciability of 81.4%. The weighted kappa test showed almost
perfect agreement (k = 0.832) betwesn the categones defined initially by the
method of Fishman amd those allocated by the MLEM. Conclusions:
Significant alterations im the morphologies of the C2, C3, and C4 vertebral
bodies analyzed through the DVA software cocur during the different stages of
skeletal maturation. The model that combines the four parameters measured on

the verebral bodies, the age and the gender showed an excellent prediction.
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New software for cervical vertebral geometry assessment and its
relationship to skheletal maturation - a pilot study

INTRODUCTION

The identficatiom of the pubertal growth spurt has great walue in
dentisiry. The highest response to functional orthopedic stimuli applied o the
jaw bones tend fo coccur during this perod and its effectivensess is directly
related to bone maturation O Among the wvaricus indicators of skeletal
maturity, hand and wrist radiographs have besn used as a standard method.
Mevertheless, in additon to comcems regarding addifional exposure to
radiation", some studies have questioned this method's wutility dus fto the
complexity of identifying reference points, which can lead to imaccurate analysis
BT

The effectiveness of a biclogical indicator of skeletal maturity is directhy
related to factors such as the ability to detect and predict the growth spurt peak
without the meed for additional radiation exposure, and the high level of
agreement between examiners for the definition of the stages ¥ In this context,
the use of the cemvical veriebras has been suggested as an aliemative to hand
and wrist radiographs in the determination of skeletal maturation.

In the last 2 decades, several studies have analyzed the applicability of
lateral cephalometric radicgraphs to determine skeletal maturity based on the
analysis of alterations in the morphology of the cervical veriebras, especially the
2nd (C2). 3rd (C3). and 4th (C4) vertebrae '~ Although several studies
VALY phave validated the use of the cervical veriebrae as indicators of
skelstal maturation through the strong comelation between the methods of
cervical vertebras maturation (CWVM) and hand and wrist skeletal maturity,

recent studies have questioned its applicability 17"
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The first concems regarding the wvalidity of qualitative methods for
identifying CWM are related to the consistency during data interpretation. These
methods [CWVM) DASIF2 fake into account a subjective comparison bebween
images of the verebras and a reference atlas containing the CWM stages. This
type of analysis does not seem to be the most appropriate because, according

to previous studies ™

, the cervical veriebras have less skeletal matunty
indicators and their signs of morphological alierations during growth are not as
specific and recognizable when compared to hand and wrist radiographs,
leading to a questionable reproducibility between examiners.

A previous study conducted by Gabriel et al. 2, which sought to eliminate
methodological flaws that could directly affect the reproducibility of the
evaluated methods, concluded that the reproducibility of the studied CWVM model
was poor between clinicians and should not be used clinically as the only guide
iz define the optimal time for orthedontic reatment.

The low reproducibility of a diagnostic method, in particular qualitative
methods for identifying GV IR brings into gquestion the accuracy of those
models in the way they are proposed. Several studies 2 have established the
skeletal age of individuals from mubRiple regression amalyses with the aim of
developing new guantitative methods for objective analysis of the maturation of
cervical wertebrae amd reducing the warability of interpretations among
examiners. However, guestions remain regarding the standard method utilized
for the determination of the skeletal age * and the lack of accuracy in the

prediction of the proposed methods <.
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Thus, the present study aimed o develop a new guantitative method for
the identification of cerical vertebrae maturation through computer analysis by
using specific software design by the authors and o evaluate the applicability of
this mew method by wsimg a multiimomial logistic regression model (MLEM).
Addiionally, we also ewvaluated the predictabiliy of a MLEM using soleby
chronolagical age or a combination of age and gender as skeletal maturation

predictors.

MATERIALS AND METHODS

The data from this cross-sectional study were obtained from lateral
cephalometric radiographs and hand and wrist radiographs taken as part of the
routine orthodontic records. The sample included 2368 children, 116 boys
(mean[S0], 1484, 25 21months) and 120 gifds (mean [S0], 1462, 241
months), comsecutively selected between January and December 2011, The
following selection critera were used during the sample composition: (1) white
Braziliam subjects with no history of trauma to the face andlor hand and wrist,
(2} absence of congenital andlor acquired malformations that could affect the
veriebras or the hand and wrist, (3) general good health, and (4) cephalometric
and hand and wrist radiographs taken on the same day and with good
visualization of the structures of interest, such as the C2, C3, and C4 cervical
veriebras.

The radiographs of the hamds and wrists were used as the standard
method for determining the degree of skeletal maturation of each individual and
were analyzed by a dental surgeocn who specializes in images technigues with

extensive expernence in the method of interest. The radiographs were classified
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according to the skeletal maturation index (SMI) described by Fishman * and
were divided into 11 groups (Table 1) All analyses were performed in the dark
with the same light box, and the examimer was unaware of any additional
information such as chronological age and gender. For reliability analysis in
relation io the staging of the hamd and wrist radiographs, 30 radicgraphs were
examined twice with an interval of 2 weeks between assessments.

The 11 stages of Fishman's skelstal matunty * zan be grouped imbo
periods of acceleration (SMI1 1-3}, high welocty (SMI 3-7), and deceleration
(SMI B-11) = In the present study, the radicgraphs were grouped into 4 stages
of cervical vertebrae maturation, taking imto account Fishman's indicators of
skeletal maturity, but segregating the pericd of deceleration (SMI 8-11}) into 2
different stages due significant anatomical differences bebtween SMI 8-5 and
SMI 10-11in the morphologies of the C2, C3 and C4 cervical veriebras bodies.

The quantitative cervical maturational changes (QCMC) comprised 4
stages: QCMC | (acceleration of growth ), which includes Fishman's stages 1-3;
QCME I (high growth rate), which includes Fishman's stages 4-7; QCME 1
{decelerated growth}, which includes Fishman's stages 8 and 9; and QCMC W
{comsummation of growth), which includes Fishman's stages 10 and 11i{Table
1}

The radiegraphs were scanned (Umax Astra 2400 SLT) at G600 dots per
inch (dpi) and digitalized through the Corel Photo-Paint software, versiom 11.0
{Corel Phoio-Paint &, Corel Corporation, Ottawa, CAM). The morphologies of
the C2, C3, and C4 cervical vertebras were analyzed in an objective manner
{quantitative) through software developed specifically for this study. The

software for digitized vertebrae analysis (DVA) was developed in Microsoft MET
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Framework in the C# language in order to aid the specialist in the analysis of
the image; this software provided measurements and proportions of the C2, C3,
and C4 weriebras based on reference points marked manually on the image
{Figure 1). After defining the poinis of interest, the tool used methods of linear
algebra and spatial analysis to generate the dimension, proporton, and angle
values. The reliability amd infra-observer reproducibility of the measures
established by the DWVA software were werfied by analyzing 30 randomly
selected cephalometnic radiographs. The measures of interest were analyzed at
2 different times separated by an interval of 2 wesks.

The measurements of interest were detemnined as follows (Figure 2):
AB and CO: supernor and lower borders of the body, respectively;
AC and BD: posterior and anternor borders of the body, respectively;
AMG_C2, ANG_C3, and ANG_C4: intermnal angle formed by the intersection of
the lines that connect the points CE and ED at the lower borders of C2, C3, and
C4, respectively.
SP_C3 and SP_C4: square proportion of C3 and C4, respectively, given by the
ratio betweaen the line parallel to the lower border (CD) connecting the points G
and G " and the line parallel to the posterior border (AC) that connects points F
and F".
MP_C3 and MP_C4: maturity proportion of C3 and C4, respectively, given by
the ratio between the anteror border (BO'} and the postenor border{AC).

The zample was evaluated regarding 8 vanables: (1) chronological age
(months); (2) gender; (3) ANG-C2; (4) ANG_C3; (5) ANG_C4; (8) SP_C3; (7)
SP_CA; (2) MP_C3; and (B) MP_C4.

Siatistical analysis
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All statistical analysis was performed with a software package (SP35 for
Windows, wersion 13.0, SP35, Chicago, Il). The awverages and standard
deviations were calculated. Statistical analysis included the f‘ test, ANOWA test,
weighted kappa test, Speaman's rank comelation coefficient and multinomial
logistic regression analysis. A significance level of p <= 0.05 was established.
The statistical Excel software (Microsoft Office & 2007, USA) was wsed to
analyze the data and obiain the probabiliies of the mulinomial regression
madel.

The logistic model enables the direct estimation of the probability of the
occumence of am event, such as whether an individual belongs to a cerain
category *¥. The logistic regression model, originally developed for binary
response varables, can be extended to multinomial response wvarables (3 or
more categores), as observed in the current study, where the sample was
divided imto 4 stages of QUMC (QCMC -IV). ARhough the multimomial logistic
regression model (MLREM) is appropriate for nominal data, ordinal variables can
be ftreated as nominal data, minimizing some issues such as lack of
homoscedasticity, linearity, and incorporating outliers.

In this study, each of the varables analyzed (chronological age, gender,
hand and wrist maturty, ANG_C2, ANG _C3. AMNG_C4, SP_C3. SP_C4,
MP_C3, and MP_C4) was inserted individually im a MLREM that adopied the
QCMC | as reference, due to the greatest mumber of subjects on this stage .
The variables that contributed significantly to the differentiation of the QCMC
stages |, lll, and IV from the reference category (QCKMC 1} remained in the final
model. Three linear fumctions gfx) were generated and it was possible o

calculate the conditional probabilities that each radiograph analyzed belonged
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iz a QCMEC stage. Finally, the model was established by the intercept of the
independent wvanables that confributed sigmificantly fo the discimination
betwesn categories and their respective B coefiicients [(variable coefficient).

In am atiempt to compare the predictability of the present model with
some simpler methods of skeletal age estimation, such as the use of age and
gender, we did evaluate the MLEM model using only chronclogical age or a
combimation of age and gender o compare the total and partial percentages of
the cormectness of the model obiained with the final model established in the
present study.

The spreadshest generated in Excel software by the insertion of data
from the 6 independent vanables included im the final model allowed the

determination of the probability that each madiograph belonged io 1 of 4 QCVM

categores (QMWVC [, I, I, or V). The most likely probability for distribution of
the sample in each category (QRMVC 1, 11, 11, or V) was adopted.
RESULTS

The infra-class corelation coefiicient (ICC = 0.8897) revealed inira-
observer reproducibility and reliability in the classifications of HWBM stages.
Regarding the reproducibility of the examiner while using the software, the
paired t test did not show a statistically significant difference for any of the
measures analyzed (p= 0.562; mean standard emor= AMNG _C2[20.52],
AMNG_C3[x0.40], ANG_C4[x0.68]. SP_C3[x1.18]. MP_C3[20.54], SP_C4a[+1.18].
MP_C4[+0.74])

The distribution of individuals according to the 3MI and QCWM is shown

in Table |. The distributions of gender and means and standard deviations for
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the warables of interest are shown in Table Il. A statistically significant
differemce (p < 0.05) was observed in the disiribution of all variables for each of
the QCWVM categories.

The correlation between 7 parameters of cenvical veriebras morphology
and the SMI was derived through Spearman rank comrelation coefficient (CC)
analysis [Table 1)

The § independent varables of interest (Varl-Vard) that remained in the
model after the multinomial logistic regression analysis are presented in Table
V. The model provided 3 logit gix} fumctions, 1 for each QCVM category (11, 111,
and V), which took into account the observed walues for the § independent
varables [(Varl-\far@}), the intercept (B0), and the coefficients for each
independent variable (B 1-84).

The fotal and partial percentages of the comeciness of the model
obtained im this study are shown in Table V. The total and partial percentages of
the commectness of the model obtained with the wse of chronological age or a
combimation of age and gender are shown im Table VI, The result of the
weighted kappa iest which analyzed the comelation between  the
categorizations established by the logistic regression model and the 4 QCMC
stages established according the 11 stages of Fishman's skeletal maturity

showed an almost perfect agreement (Table VI

DISCUSSION
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The methodology of the present study was established while taking into
consideration criteria for assessing the guality of studies on cervical veriebras

17 . .
in order to awoid

maturation established in a recent sysiematic review
methodological flaws that could impair the validity of the presented resulis.

The development of specific sofiware (DVA) for analyzing the
maorphology of the cenvical vertebrae and possible alterations during differsnt
stages of skeletal maturation allowed the obtainment of automatic measures of
interest from the identification of specific points located on the body of C2, C3,

322 in which the measures of interest were

and C4. Unlike other studies
obtaimed manually in individual cephalometric fraces, the methodology wused
with the DVA software aimed o reduce interferences by the examiner. This is
particulary relevant with regard to obtaining the amgular variables, where the
simple identification of points of interest in the vertebral bodies was enough for
the software o provide all of the necessary measures.

The gquantitative method proposed in this research initially aimed to
reduce the warability of interpretation during the determination of the cervical
veriebras maturation stages, which, according to Gabriel =t al, * zom promises
the wvalidity of the CVM method as an indicator of skeletal maturity. Regarding
the reproducibility of the measurements using the software in the present study,
nmo significant difference between the analyzed measures was observed.

Among the few studies that have developed new methods for quantitative
analysis of the CWM B controversy exists about the adeguacy of the
analysis of hand and wrist radiographs. Most of these studies <= used the
TW2 and TW3 methods as the standards in the analysis of carpal skeletal

maturity. According to a previous study = carpal analyses that determine bone-
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specific age, such as TW2 * and TW3 ¥, are less useful because they are
more susceptible to the influsnce of the environment and the gender and racial
composition of the sample. Methods that determine the relative growth rate and
the percentage of remaining growth, such as those proposed by Fishman * and
that used in the present study, are more suitable because they use bone
developmental stages associated with ossification events and define the
percentage of remaining growth =,

The resulis obtained with the DWA analysis software revealed somse
interesting details. Several studies suggest an association between anatomical
alterations in the bodies of the cervical vertebrae and growth ='%'52' One of
these alterations is related to the increase of the concavity on the lower edges
of G2, C3, and C4 in advanced stages of maturation "2 This fact is consistent
with the findings of the present study, where a significant reduction of the angle
of the concavity of C2, ©3, and C4, consistent with an increase in the concavity,
was observed when the degree of skeletal maturity betwesn QCMC stages
increased.

Another important alteration in the morphology of the cervical verebras
concems the shape of the C3 and C4 vertebral bodies. In the sary stages of
skeletal maturation, the wversbral bodies are expected o have a trapezoidal
shape, which changes to a8 horizontal rectangular, sguare, and rectamgular

vertical shape as growth progresses 10,1318

. Mathematically, the proportion
between the anterior and posterior wall is expected to be smaller in the eary
stages, which subsequently approaches and equates to 1 as maturity increases

and the verebral bodies become rectangular or square. The objective analysis

of the present study werified this relationship through the maturity proportion
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(MP) and further revealed that the anteror wall remains smaller than the
posterior wall on average as this ratio increases fowards 1, even in advanced
stages of maturation, although significant differences exist between the QCMC
stages. This observation casts uncerainty on the rectangular or sguare shape
suggested for these verebral bodies, which was used as the standard in the
proposed atlas in previcus qualitative analyzes "%151%21,

An additional cbservation regarding the shape of the bodies of C3 and
C4 is that the ratio was greater than 1 on average between the width and height
{square proporton) in all QCMC stages in this study. This porportion was
significantly reduced between the QCMC stages | and IV, which suggests an
increase in the height of the vertebral bodies in the later stages of growth amd

confirns the findings of another study =

However, the present resulis
demonsirate that the bodies of the werebras fail fto provide a wvertical
reciangular shape on average, as suggested im the gualitative methods
previously proposed "' With maturation, we observed that the vertebral
bodies tended to acguire a shape that was increasingly guadrangular, with an
increase in the concavity of the lower border; this change was initially more
evident in C2 and subsequently in 3 and C4.

After amalyzing the individual behavior of the wanables used inm the
software, the mulinomial logistic regression model was applied o identify the
parameters that best distinguished the 4 QCMC stages. Unlike the linear

13.23-25 . )
., our multinomial

regression model adopted in other guantitative studies
model does not adopt culocffs for categorizatiom of a particular stage of
maturation and does not provide a specific skeletal age. The multinomial model

selected wariables that best differentiated the categories and provided the
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predictability (confidence level) of these categorzations. Although the MLREM is
appropriate for nominal data, we adopted this model, instead an ordered logistic
regression (OLR), because the predictability of the OLR was lower than that
observed with the MLREM. which minimize issues such as lack of
homoscedasticity, linearity, and incorporate cutliers.

In a previous study, Chen et al,™ analyzed 42 morphologic characteristic
parameters of C2, C3 and C4 during 11 Fishman's developmental stages.
Although it was a well conducted paper with a mixed longitudinal study design
and a significant sample size, there are some concemns with the statistical
analysis and the interpretation of the data. They formed a linear eguation that
could accurately estimate the cervical vertebral maturation with 3 varables, but
the accuracy of prediction was not guantified with a confidence interval.
Furthermore, the sexual dimorphism was not evaluated nor considered.
According fo the results of another research. ¥ sexual dimorphism was found in
both size and shape of cervical vertebral bodies. Thersby, the multinocmmial
lagistic model adopted im the present study seems to be more appropriated,
firstly by including 4 wvariables in the final model, which formed 3 nonlinear
equations. Secondly, gender and chronological age were included in the model.
Thus, it was not necessary o segregate the sample into boys and girls becauss

3435
. The overall

of gender differences in the process of skeletal maturation
accuracy of prediction was gquantified in the present study. Unforiunately, no
prediction interval was reported by Chen et al.”™ which make it impossible to

compare their model with the system developed in the present research.
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The comelation coefficients between the independent varables and SMI
was above 0800 (p=01). These values were lower than that cbserved in
another research, ® despite this study adopted different vanables. Mevertheless,
the multinomial model established in the present study took into account the
comelation between one variable and another, confrolled by all the other
variables included in the final model, named partial comelation. The partal
comelation obsserved during statistical analysis with the MLEM showed low
values of comelation, demonstrating that the present model did not suffers from
high collinearity.

According to a previous study,” the accuracy of the methods of cervical
veriebras maturation assessment should be compared with other evaluation
systems, such as age. In the present study, we analyzed the predictability of the
MLREM model using only chronological age or a combination of age and gender
as independent variables. The best prediction (B1.4%) was achieved with the
combimation of four parameters measured on the vertebral bodies, plus age and
gender. The total percentage of the cormectness of the model obtaimed with the
use of chronological age solely as independent variable was 48.5%, and 84_5%
with a combination of age and gender. Different from the results reporied in a
another study,®™ when the analyses of cervical vertebrae shape could not
predict skeletal maturation better than chronological age, the value added by
the present model that used the four parameters, age and gender was 17% (the
difference betwesn 81% and 54.5% when only age and gender were used). In
other words, the addition of the parameters of the cerical vertebras bodies in
the final model did explain almost 50% of the 35.5% of the predictability that

could mot be achieved with the age and gender salely.
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Fishman™ tested the accuracy of the SMis for maturational prediction
and reported a prediction success rate of greater than 20%, a valus that he
considered exceplionally high for a biolegic system. The results of the present
study are similar with those stated abowve, with an owverall predictability of the
final model of 81.4%, with a betier prediction of an individual's maturational
status on QCMC stages | and V. Cormoborating with Fishman, ® it seems to be
satisfactory in terms of diagnosis, especially considenng that most orthedontists
do not use the analysis of cervical vertebrae when determining the degree of
skeletal maturity.

Figure 2 illustrates the applicability of the MLEM. The patient’'s skeletal
maturational level was 10, according to Fishman's method. The MLEM showed
the most likely probability for this subject belonging to QCWVM IV and agreeing
with the hand-wrist skeletal age. However, the qualitative amalysis of CWVM
showed that the patient belonged to C54, which disagreed with the complete
lewvel of growth as shown by SMIL

Regarding the validity of the CWVM methed to determine skeletal maturity,
which involves the reproducibility of the analysis, the method proposed in this
study is consistent with respect to intra-observer reproducibility. Improving the
DWA software with the automatic identification of the points of interest located in
the bodies of C2, C3, and C4 and the inclusion of other measures of interest
aimed at reducing the interference sxaminer analyses and imcreasing the
predictability of the model could be the objectives of further research.

The resulis of this study revealed that significant alterations exist in the
morphology of the C2, C3, and C4 vertebral bodies that are compatible with the

maturation of the skelefon, enabling a categorization consistent with that
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defined by the standard method, which was evidenced by the almost perfect
concordance coefficient. Howewver, the major question regarding the reliability of
the CVWM method to predict the puberial growth spurt remains unanswersd.
Longitudinal studies on a larger sample that analyze the sensitity and
specificity of the method proposed in this study compared io other methods
such as hand-wrist radiegraphs, analysis of the growth in stature, and growth
homone indicators can help to answer that guestion.

In conclusion, the guantitative method implemented through specific
software descrbed hersin was demonstrated to be reproducible in terms of
infra-examiner concordance. There wers significant amatomical alterations
observed in the bodies of C2, C3, and C4 through the DVA software analysis
betwesn the four QCMC stages. Regarding the concavity of the lower edges of
C2, 03, and C4, the behavior was compatible with that described by qualitative

#1015, 15,21

analyses However, the anatomical alkerations observed in the

veriebral bodies of C3 and C4 differed from those described in the existing atlas
MR cince the vertical rectamgular fomnat is not the pattemn s=en in the late
stages of growth in the bodies of the 3™ and 4™ cervical vertebrae. The model
that combines the four parameters measured on the vertebral bodies, the age
and the gender showed a prediction of 81.4%. An almost perfect significance
level was observed when comparing the corelation betwesn the guantitative

stages previously defined by hand and wrist radiographs and the stages of

highest probability determined by the BMLEN.
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TABLE AND FIGURE LEGEMDS

Table 1 - Distribution of individuals according to the SMI (Fishman, 1282%%) and
Quantitative Cervical Maturational Changes (QCMC).

Table 2 - Distributions of age, gender and means and stamndard deviations for
the seven variables of interest for each of the GCMC stages (LILI & V)

Table 3 - Comelation coefiicient (CC) betwesn the 7 parameters of cenvical
verebras morphology and SMIL

Table 4 — Coefiicients wvalues (Bppi_pPs) and the & independent varnables of
interest (Varl-"arf) that remained in the model after the multinomial logistic
regression analysis used to provide 3 logit gi=) funclions = Bo+BiVar - B2Varz -
BaVar: - BaVars - BsVars - PsVars, for each of QCMC stages, with QCMC stage |
as reference catagory

Table 5 — Total and partial percentages of the comeciness of the MLREM during
skeletal stage estimation.

Table 68 — Total and partial percentages of the comeciness of the Age and a
combination of Age and Gender during skeletal stage estimation.

Table ¥ — Weighted Kappa for comelation analysis betwesn the categorzations
established by the QCMC stage and the MLREM

Figure 1 — |A) Lateral cephalometric radicgraph with the region of interest and
the definiticn of the reference points (B), marked manually on the image by the
DWA software: A and B, the most superior points of the posterior and anterior
borders, respectively, of the bodies of C3 and C4; C and O, the most infericr
points of the posterior and anteror borders, respectively, of the bodies of C3
and C4; E, the most supernor point of the lower border of the bodies of C2, C3
and C4; F e G, midpoints of the lower (CD) and anteror (BD) borders,
respectively; F', intersection point where the line from F point, parallel to the
posterior border, touch the superor border; &', intersection point where the line
from & point, parallel to the inferior border, touch the postenor border;

Figure 2 — [A) Subject in the CWM stage 4, according to Bacestti, Franchi and
McMNamara, 2005™ (B). (C) Quantitative analysis of C2, C3 and C4 maturation
by the DVA software. The MLEM indicated a 86.6% of the probability for this
patient belonged to QCMC IV, which is more consistent with the skeletal
maturational level 10 of Fishman®?, observed for this patient.
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Table 1

Table 1 - Distribution of individuals according to the SMI (Fishman, 1982%) and
Quantitative Cenvical Maturational Chande (QCMC).

QCMC SMI Boys Girls
Stage Stage (n) (n)
1 a5 10
! 2 20 5
3 14 8
Sub-total 69 23
4 14 T
I 5 3 12
B 3 11
7 3 11
Sub-total 23 41
I g 10 19
g 1 10
Sub-total 11 28
v 10 B 15
11 5 12
Sub-total 13 27
Total 116 120

Table 2

Table 2. Distributions of age, gender and means and standard deviations for the sewven
variables of interest for each of the QCMC stages (LILII e IV)

Stages
Variables QCMC I QCMC I QGCMC I QCMC IV p-value
Age (months) 128%18 144+16 15810 17718 .ooog*
Gender BImi23f 23mid1f 11mF29f 13mi27F .00o**
ANG_C2(") 1717127 48 161.97+6_31 153.58+8.53 147 77+£7.97 .ooog*
ANG_C3(") 176.3026.33 16546679 157.73x7.89 151.48+6.82 .ooog*
ANG_C4(") 177.7026.16 169.41+6.89 161.9327 .47 1524328 83 .ooog*
SP_C3 1.61+0.18 1.41x0.19 1224013 1.0820.12 .ooog*
SP_C4 1.61+0.16 1.42+0.18 1.24+0.12 1.070.11 .ooog*
MP_C3 0.68+0.07 0.80+0.06 0.87+0.07 0.92+0.06 .ooog*
MP_C4 0.69+0.07 0.77+0.06 0.83x0.04 0.8920.05 .0oo*

* ANOWA analysis of variance for mean comparizon between each of the QCMC stages (p<.03)
" test for gender distribution analysis between each of the QCMC stages (p<.05).
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Table 3
Table 3 - Correlation coefficient (CC) between the 7 parameters of cervical
vertebrae morphology and SMI.
Parameter cC Parameter cC
ANG C2 -0.826* MP-C3* 0.817
ANG_C3 -0.836* MP-C4* D.804
ANG C4 -0.818* SP-C3* -0.612
SP-C4* -0.617
*Correlation significant at .01 level.
Table 4

Table 4 — Coefficients values (Bgf:_Bs) and the 6 independent variables of interest (Vari-Vars)
that remained in the model after the multinomial logistic regression analysis used to provide 3 logit
g(x) functions = By.. (B;Var,)_ (B;Var,), (BsVars). (BsVars)_ (BsVars)_ (BsVars), for each of QCMC
stages, with QCMC stage | as reference category

Coefficients (p) and variables of interest
Stapes Bg B, Var, B Var, Bi Vary B. Var, B: Warg Bg Varg

QCmMmC Ta7Y 128 MP_C3 142 ANG C2 D35 MP_C4 053 Age M3 SP_C4 2374 Gender™'
[y

QCMC 5585 182 MP.C3 190 ANG C3 067 MPC4 125 Age 052 SPC4 2784 Gender
=

QCMC 16521 001 MPC3 280 ANG C3 354 MP.C4 170 Age 180 SP C4 3301 Gender
et

*Logit g{x1) function = 7.877 + 0.128[{MP_C3) - 0.142(ANG_C3) + 0.035(MP_C4) + 0.053(Age] - 0.013(5P_C4) - 2.374{Gender]
**Logit g{x2) function = 5.565 + 0.162{MP_C3) - 0.199{ANG_C3) + 0.067(MP_C4) + 0.125(Age) - 0.052{5P_C4) - 2.734{Gender)
***Logit g(x3) function = 16.521 + 0.001(MP_C3) - 0.283(ANG_C3) + 0.354[MP_C4) + 0.17%(Age) - 0.189(5P_C4) - 3.301(Gender]
o 1

=male; "=female



Table 5

Table 5 — Total and partial percentages of the correctness of the MLRM during skeletal

stage estimation.
MRLM* Predicted

QCMC stage' Observed Correctness
! i i % Percentage

/ 86 6 0 0 93.5%

i 9 45 8 2 70.3%

m 0 11 29 0 72.5%

v 0 1 7 32 80.0%

Overal percentage 403%  26.7% 16.6% 14.4% 81.4%

T Quantitative Cervical Maturational Change stage; ¥ Most likely probability according to the muliinomial
linear regression model (MLEM);

Table &

Table 6 — Total and partial percentages of the correctness of the Age and a combination
of Age and Gender during skeletal stage estimation.

AGE* Predicted

QCMC stage' Observed Correctness
! i i v Percentage

/ 67 21 3 1 73.6%

] 28 24 5 7 J36.4%

] 1 26 9 4 23.1%

v 1 7 6 26 65.0%

Overal percentage 403%  26.7% 18.6% 14.4% 49.5%

AGE and GENDER? Predicted

/ 79 11 2 0 86.8%

] 16 40 7 1 60.6%

i 2 16 16 6 41.0%

v 2 3 7 28 70.0%

Overal percentage 40.3% 26 7% 18.6% 14.4% 64.5%

T Quantitative Cervical Maturational Change stage; * Most likely probability according to the chronological
age; * Most likely probability according to the chronological age and gender.
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Table 7

Table 7 — Weighted Kappa for comelation analysis between the categorizations
established by the QCMC stage and the MLRIM

Weighted 95% confidence Statistical Level
Kappa interval of Agreement
QCMCstage X MRLM 0.532 0.784-0.881 Almost perfect”

*|_andis and Koch (1977
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5 DISCUSSAO

O entendimento completo tanto do padrdo de crescimento normal como do
mecanismo que o fundamenta sdo necessarios em Ortodontia. (Proffit, Fields e
Sarver, 2007). Embora o padrdo de crescimento seja similar entre os pacientes, 0
momento em que cada fase ocorre apresenta grande variabilidade, o que dificulta o
diagndstico preciso de suas diferentes etapas. (Mellion, 2007).

Estudos clinicos demonstraram que a resposta mais eficaz as forcas
ortopédicas aplicadas aos ossos maxilares tende a ocorrer durante o surto de
crescimento puberal (Baccetti et al., 2000; Hagg e Pancherz, 1988; Malmgren et al.,
1987; McNamara, Bookstein e Shaughnessy, 1985). Nesse contexto, analises
radiograficas de eventos de maturacdo em areas especificas, como a méo e punho e
as vértebras cervicais, sdo algumas das maneiras utilizadas para determinar os
estagios de crescimento.

Os autores avaliaram, inicialmente, através de revisao sisteméatica, o emprego
das vértebras cervicais como indicador da maturidade esquelética, verificando sua
aplicabilidade como método de diagndstico. Revisdes sistematicas e meta-andlises
podem resumir os resultados de varios estudos e oferecer aos leitores andlise critica
sobre onde se encontra o peso da evidéncia. Esses modelos de estudos podem,
portanto, produzir e defender conclusbes baseadas nas melhores evidéncias
existentes ou, em alguns casos, concluir que a evidéncia atualmente disponivel nao

permite chegar a concluséo alguma (Papadopoulos, 2003).
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O ponto de partida para o processo de revisdo ocorre com a elaboracédo de
pergunta que conduzira toda a analise sistematizada. Na presente pesquisa, houve
dificuldade na definicdo do que seria necessario para o0 método de diagnostico da
maturacdo das vértebras cervicais (MVC) ser aplicavel. Apés andlise criteriosa de
varios estudos relacionados ao emprego das vértebras cervicais na identificacdo da
maturidade esquelética, foi definido que, para ser valido, o0 método de diagndstico
deve ser reproduzivel entre aqueles que o utillizam, estar ndo somente
correlacionado, mas também ser acurado, quando comparado ao padrédo-ouro.
Entretanto, em razdo de alguns estudos (Turpin, 2008; Flores-Mir, Mebe e Major,
2004) que questionam a validade das radiografias carpais como indicadores de
maturidade esquelética, o termo “padrao-ouro” nao foi empregado, sendo a
radiografia da méo e punho definida como método-padréo.

Uma das etapas fundamentais durante o processo de revisao sistematica foi a
identificacdo da solidez metodologica dos artigos selecionados de acordo com o0s
critérios de inclusdo. Na presente pesquisa, a analise da qualidade (quality
assessment) dos estudos incluidos na revisao foi feita ndo somente por meio de
Unico modelo, mas através de quality assessment modificado, que considerou
alguns componentes do STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology), do STARD (Standards for the Reporting of Diagnostic
Accuracy Studies) e do estudo de Lagravere et al. (2005), utilizados na identificagao
da qualidade metodoldgica de estudos observacionais e de diagnostico. Vinte e trés
artigos foram avaliados em relagcdo a qualidade metodolégica e somente cinco
estudos (Gabriel et al.,, 2009; Imanimoghaddam et al., 2008; Lai et al., 2008;

Soegiharto, Moles e Cunningham, 2008; Chang et al., 2001) apresentaram qualidade
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moderada e um estudo (Uysal et al., 2006) qualidade alta, sendo utilizados para a
busca da melhor evidéncia em relacéo a validade dos métodos MVC.

A presente revisdo sistematica identificou forte correlacdo entre o método-
padrdo, que utiliza as radiografias da méo e punho, e os métodos de identificacdo da
maturidade esquelética, que utilizam as vértebras cervicais. Embora alta
reprodutibilidade intra e inter-examinadores tenha sido reportada em varios estudos
(Lai et al., 2008; Soegiharto, Moles e Cunningham, 2008; Uysal et al., 2006; Chang
et al.,, 2001), o trabalho conduzido por Gabriel et al. (2009) encontrou falhas
metodoldgicas que poderiam interferir diretamente nos resultados dessas pesquisas.
Em seu trabalho, eliminando os erros metodolégicos de estudos prévios, Gabriel et
al. (2008) observaram reprodutibilidade pobre intra e inter-examinadores,
contraindicando o método MVC como Unica ferramenta de diagndstico do estagio de
maturacdo esquelética. Acrescentando, Unico estudo concluiu ser o método MVC
tdo acurado quanto o método-padrdo, em termos de identificacdo da maturidade
esquelética (Soegiharto et al., 2008). Entretanto, em razdo do numero reduzido de
artigos selecionados durante o processo de revisdo, gque em sua maioria
apresentaram qualidade metodolégica moderada, as conclusdes apontaram para
baixo nivel de evidéncia, sugerindo que estudos mais bem delineados e com
gualidade metodolégica elevada fossem conduzidos para que a questdo sobre a
aplicabilidade das vértebras cervicais como identificador de maturidade esquelética
fosse respondida.

Mediante a necessidade de evidéncias mais fortes no que diz respeito a
aplicabilidade das vértebras cervicais e levando em consideracdo as fortes criticas
ao método MVC no trabalho conduzido por Gabriel et al. (2009, os autores

avaliaram, num segundo estudo, a reprodutibilidade de dois métodos qualitativos de



96

identificacdo da MVC. Apesar de ser um trabalho que se enaltece pela qualidade
metodoldgica, o estudo conduzido por Gabriel et al. (2009) deixa algumas questdes
em aberto, como a forma clara de treinamento dos examinadores, o intervalo de
tempo entre o treinamento e a execucdo das analises, o tamanho da amostra
analisada, o tipo de método e avaliacdo adotados bem como a interpretacdo dos
valores de reprodutibilidade.

Primeiramente, o estudo de Gabriel et al. (2009) analisou a reprodutibilidade
do método proposto por Baccetti, Franchi e McNamara (2005) em 30 radiografias. O
numero de 30 radiografias € reduzido para analise desta natureza, podendo conter
guantidade discrepante de radiografias em estagios mais faceis ou dificeis de serem
identificados, pois, segundo pesquisa anterior (Nestman et al, 2009), determinadas
caracteristicas morfolégicas das vértebras cervicais, como a presenca de
concavidade no bordo inferior, seriam mais faceis de serem identificadas quando
comparadas ao formato do corpo vertebral (trapezoidal, retangular horizontal,
guadrado ou retangular vertical) e influenciariam na reprodutibilidade do método
MVC.

Desta forma, além de analisar 90 radiografias, a metodologia adotada na
presente pesquisa visou obter amostra mais homogénea, em termos de estagios de
crescimento, avaliando as radiografias da mao e punho previamente, de acordo com
0 método proposto por Fishman (1982). Embora a reprodutibilidade intra e inter-
examinadores tenha sido bem proxima aquela observada no trabalho de Gabriel et
al. (2009), o risco do viés de selecao foi controlado com a metodologia adotada no
presente estudo.

Para evidenciar a reprodutibilidade foram avaliados dois métodos qualitativos

de identificacdo da MVC, propostos por Baccetti, Franchi e McNamara (2002) e
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Baccetti, Franchi e McNamara (2005). A intencdo em avaliar dois métodos foi
observar se haveria, ou néao, influéncia direta do estagio adicional de maturacédo das
vértebras cervicais no método proposto por Baccetti, Franchi e McNamara (2005) na
reprodutibilidade entre os examinadores, o que nao foi considerado no estudo de
Gabriel et al. (2009). Embora o percentual de concordancia intra e inter-
examinadores tenha sido maior com o método proposto por Baccetti, Franchi e
McNamara (2002), o coeficiente de concordancia de Kappa ponderado foi
praticamente o mesmo para os dois métodos avaliados, e, apesar da concordancia
Kappa ser considerada moderada (0,4-0,8), o percentual total de 60% de
concordancia, em média, revelou variabilidade significativa dos modelos avaliados,
sugerindo que os métodos qualitativos, da forma como sdo propostos, sejam
aprimorados ou que os examinadores recebam treinamento mais especifico e
detalhado sobre caracteristicas envolvidas em cada estagio de identificacdo de MVC
(Sim e Wright, 2005).

Por fim, foi levantada a hipétese, na atual pesquisa, de que a analise dos
diferentes estagios de crescimento com o auxilio de tracado manual dos corpos
vertebrais de C2, C3 e C4, realizado por cada examinador separadamente, poderia
interferir no nivel de concordancia. Tal fato ndo foi considerado no trabalho de
Gabriel et al. (2009), porém, melhora em termos de reprodutibilidade poderia ser
esperada com a utilizacdo de tracados manuais das regides de interesse, tendo em
vista que a classificacao leva em consideracdo a comparacao direta entre a imagem
observada nas radiografias cefalométricas e um atlas, contendo o desenho dos
corpos vertebrais nos diferentes estagios de maturacdo. No presente trabalho, o uso
de tracado néo refletiu diretamente na reprodutibilidade intra-examinadores. Porém,

a utilizacdo de tracado manual reduziu tanto a frequéncia quanto o indice de
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concordancia de Kappa entre os examinadores, o que pode ser reflexo da
variabilidade com que cada examinador interpretou o formato dos corpos vertebrais,
além da dificuldade de associacdo direta entre formato observado nos tracados
manuais com as imagens demonstradas nos atlas.

E importante ressaltar que tanto as conclusdes do presente estudo de revisio
sistematica e de reprodutibilidade, quanto as criticas feitas pelo trabalho de Gabriel
et al. (2009), referem-se aos métodos qualitativos de maturacdo das vértebras
cervicais, que utilizam atlas como referéncia, contendo os diferentes estagios de
maturidade, caracterizando-se por andlises totalmente subjetivas. Por outro lado,
existem os métodos quantitativos (objetivos), como os propostos por Chatzigianni e
Halazonetis (2009), Chen et al. (2008), Caldas, Ambrosano e Haiter-Neto (2007),
Mito, Sato e Mitani (2002), que visam reduzir a variabilidade das interpretacdes entre
0s examinadores, determinando a maturidade esquelética através de analises
morfométricas ou de regressao linear . Segundo Chen et al. (2008), métodos
guantitativos de identificacdo da MVC sdo mais adequados pois, 0s sinais das
mudanc¢as morfolégicas nas vértebras cervicais durante o crescimento sdo menos
especificos e identificaveis como os observados na méao e no punho, e um atlas nao
deve ser utilizado para avaliar o crescimento de maneira detalhada e objetiva como
nas radiografias carpais, podendo haver divergéncias entre 0s examinadores
durante o diagnostico do estagio de maturacéao.

O presente estudo teve como ultimo objetivo o desenvolvimento de novo
meétodo quantitativo para analise das alteracdes morfologicas observadas nos corpos
vertebrais de C2, C3 e C4 e apresentou algumas vantagens, quando comparado aos
demais modelos quantitativos reportados na literatura. Primeiramente, o método

permitiu o calculo das medidas de interesse nos corpos vertebrais a partir de
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software DVA (Digital Vertebrae Analysis), desenvolvido especificamente para esse
estudo. Desta forma, ndo foi necessaria a realizacdo de tracados manuais sobre os
corpos vertebrais nem mesmo a interferéncia do examinador na obtencdo das
medidas angulares, lineares e de propor¢cdo, como observado nos trabalhos de
Chen et al., 2008, Caldas, Ambrosano e Haiter-Neto 2007 e Mito, Sato e Mitani,
2002.

O modelo de regressao logistica multinomial adotado no presente trabalho
forneceu a probabilidade de cada radiografia pertencer ou ndo a uma determinada
categoria da maturacdo esquelética. Diferente do modelo de regressao linear
proposto nos estudos de Chen et al. (2008), Caldas, Ambrosano e Haiter-Neto
(2007), Mito, Sato e Mitani (2002), que utiliza Unica formula na definicdo do estagio
de maturacdo e nao fornece a acuracia da previsdo, no modelo do atual estudo foi
calculada a possibilidade de uma radiografia pertencer um dos estagios de
maturacdo das vértebras cervicais através de trés equacdes, obtendo previsibilidade
de acerto total final de 81,4%, que, segundo Fishman (1987), é bastante satisfatoria
para um indicador bioldgico.

O método quantitativo proposto por Chatzigianni e Halazonetis (2009), leva
em consideracdo analise morfométrica dos corpos vertebrais de C1, C2, C3 e C4,
além de seus processos articular, vertebral e espinhoso, através de software que
utiliza 187 pontos de referéncia para cada radiografia analisada. Além da
complexidade do software, a visualizacdo precisa da 12 vértebra (atlas) e dos
processos vertebrais durante a analise das vértebras cervicais pode nao ocorrer em
muitas radiografias cefalométricas, sendo que 0 mesmo nao acontece com 0S
corpos vertebrais de C2 a C4. No presente estudo, a analise da morfologia das

vértebras cervicais utilizou 19 pontos de referéncia localizados somente nos corpos
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da 22, 32 e 42 vértebras, com o objetivo de tornar a andlise mais pratica e viavel,
guando comparado ao modelo proposto por Chatzigianni e Halazonetis (2009).

A previsibilidade total do modelo estabelecido na presente pesquisa foi inferior
a observada no estudo conduzido por Chatzigianni e Halazonetis (2009) que
apresentou acuracia de 90%. A capacidade preditiva do modelo de regresséao linear
multipla estabelecido por Chatzigianni e Halazonetis (2009), que levou em
consideracdo o formato das vértebras cervicais, ndo foi melhor do que a idade
cronologica isoladamente. Tal fato ndo foi constatado na atual pesquisa, onde o
modelo multinomial composto unicamente pela idade cronoldgica apresentou valores
de previsibilidade bem inferiores ao modelo final, que foi constituido por 4 variaveis
relacionadas ao formato dos corpos vertebrais, o género e a idade cronolégica.

Finalmente, a inclusdo do género como variavel independente no modelo final
do presente estudo tornou desnecessaria a segregacao da amostra, o que é grande
vantagem levando-se em consideracdao o dimorfismo sexual envolvido no processo
de maturacdo esquelética (Hassel e Farman, 1995; Lamparsky, 1972), e as
diferencas observadas, entre meninos e meninas, no tamanho e formato das
vértebras cervicais C1, C2, C3 e C4 no estudo conduzido por Chatzigianni e
Halazonetis (2009).

A aplicabilidade das vertebras cervicais como indicador da maturidade
esquelética vai muito além da constatacdo de que os modelos qualitativos
propostos, até o momento, apresentam reprodutibilidade insuficiente entre aqueles
gue o utilizam, bem como da necessidade de desenvolvimento de métodos mais
objetivos como proposto no presente trabalho. A verificacdo de que alteracoes
geomeétricas significativas ocorrem nos corpos vertebrais de C2, C3 e C4 a medida

gue o grau de maturidade esquelética aumenta, parece ser evidéncia forte o
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suficiente para que pesquisas futuras sejam realizadas, com o0 objetivo de
estabelecer a validade das vértebras cervicais como indicador biolégico confiavel,
gue permita ndo somente identificar os estagios de maturacdo, como tambéem
prever, com seguranca, as épocas em que ocorrem 0 inicio, o pico e o final de surto

de crescimento puberal.
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6 CONCLUSAO

No presente estudo foi avaliada a aplicabilidade das vértebras cervicais como

indicador da maturidade esquelética e concluiu que:

6.1 em relacé@o ao estudo de reviséo sistematica:

6.1.1 nao foi possivel verificar a aplicabilidade dos métodos de identificacdo
MVC, em virtude das falhas metodoldgicas observadas na maioria dos estudos
analisados e pelo baixo nivel de evidéncia verificado no nimero reduzido de artigos

de qualidade metodoldgica satisfatoria.

6.2 em relagéo ao estudo de reprodutibilidade:

6.2.1 reprodutibilidade préxima a 60% intra e interexaminadores sugere
variabilidade dos métodos qualitativos analisados. N&o houve diferenca significativa
na reprodutibilidade entre os dois tipos de métodos MVC analisados e as duas

formas de avaliagdo, com e sem tragcado manual.

6.3 em relacdo ao novo método quantitativo proposto:

6.3.1 o modelo quantitativo identificou alteragGes significativas nos corpos

vertebrais de C2, C3 e C4 em diferentes estagios de maturidade esquelética e o

modelo multinomial final apresentou previsibilidade satisfatoria.
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7 RECOMENDACOES

Diante dos dados obtidos no presente trabalho, sugere-se:

- A incorporagéo de novas medidas na andlise quantitativa das alteragfes
morfolégicas dos corpos vertebrais de C2, C3 e C4, com o objetivo de aumentar a

previsibilidade final do modelo multinomial.

- Aprimoramento do software DVA, com a identificacdo automética dos pontos
de interesse, reduzindo a interferéncia do examinador.

- Aplicacdo do modelo multinomial em outra amostra mais representativa.

- Elaboracao de estudo longitudinal, com a andlise das alteracdes anatbmicas
observadas nos corpos vertebrais da 23 32 e 42 vértebras cervicais registradas
periodicamente, tendo as andlises da radiografia da mao e punho, do crescimento
em altura e, possivelmente, de horménios do crescimento como métodos-padréo

para comparacao.
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9 ANEXOS

ANEXO 1 — Aprovacéo do Comité de Etica da UFJF-MG.

Protocolo CEP-UFJF: «2575515.2011» FR: «481694» CAAE: «0308 1.180.000-11»

UNIVERSIDADE FEDERAL DE JUIZ DE FORA
PRO-REFTORIA DF PESQUISA
COMITE DE ETICA EM PESQUISA - CEPUESF
26036000- JUIZ DE FORA - MG - BRASIL

Parecer n° «334/2011»

; “«Comparagfo da repredutibilidade de 3 métodos de avaliagao da maturagiio

das vértebras cedrvicaiss”
Area Tematica: «Grupo lil»
Pesquisador Responsavel: «Robert Willer Farinazzo Vitrals
: julho 2012_
- "Rodrigo César Santiago, Marcio José da Silva Campos e Paulo
Henrique da Rocha Duque”
Instituicdo Proponente: Faculdade de Odontologia / UFJF
Andlise do protocolo;
Itens Avaliados - > Sim NA
O esludo proposto apresenta pertinéncia e valor | x |
Justificativa cientifico
_| Objeto de estudo ests bem delineado x
Objetivo(s) Apresentam clareza e compatibilidade com a | x
———— proposta L0
Atende a0(s) objetivo(s) proposto(s) x —
Tipodeestudo X 3
| Procedimentos que serfio utiizados | —
_ Numero de participantes X H
Material e Justificativa de participagdo em
Métodos | grupos vulneraveis |
Informa Critérios de inclusio e exclusao 9% X
Recrutamento X
Coleta de dados e [” 4
Tipo de analise X
. Cuidados Eticos x
Revisao da | Atuais e sustentam ofs) objetivo(S) do estudo X
literatura B ot
Resultados Informa os possivels impactos e beneficios X
Cronograma | Agenda as diversas etapas de pesquisa X
Informa que a colela de dados ocorera apos | x
aprovagao do projeto pelo comité
Orcamento Lista a refacao detalhada dos custos da pesquisa X
Apresenta o responsavel pelo financiamento X
Referéncias Segue uma normatizacio x —
Instrumento  de | Preserva o sujeito de constrangimento X |
coleta de dados | Apresenta pertinéncia com  o(s) objetiva(s) | X
proposto(s). —
Terme de | Solicita dispensa X
dispensa de
TCLE
Terme de | Apresenta o termo em caso de participacio de X
2

>
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UNIVERSIDADE FEDERAL DE JULZ DE FORA
PRORE(TORIA DE PESQUISA
COMITE DE ETICA EM PESQUTSA - CEPAUFIF
J6036990- JUIZ DE FORA - MG - BRASIL

assentimento

menores

TCLE

Esta em linguagem adequada, clara para
compreensado do sujeilo

| Apresenta justificativa e objetivos

Descrave suficientemente os procedimentos

Apresenta campo para a idenuﬁcaglo dos sujeitos

Informa que uma das vias do TCLE devera ser
_entregue ao sujeito

% X |x

Assegura liberdade do sujeito recusar ou retirar o
_consentimento sem penalidades

>

Garame sggulo € anonimato

| Riscos e desconfortos esperados

Ressarcimento de
despesas

x

Indenizacio diante de eventuais danos
decorrenles da pesquisa

Fonnadocommooomoposqukadu

| Forma de contato com o CEP

| Como sera o descarte de material
coletado (no caso de material biologico)

O arquivamente do material coletado
| pelo perlodo minimo de 5 anos

Pesquisador (es)

Apresentam titulag3o e experiéncia compativel com
0 projeto de pesquisa

comprovante do Curriculo Lattes do
. pesquisador principal e dos demais participantes.

Documentos

_Carta de Encaminhamento & Coordenaco do CEP

__Folha de Rosto preenchida

I Projeto de pesquisa, redigido conforme Modelo de
Aprmmagao de Projdo de Pesquisa padronizado
pela Pro-Reitoria de Pesquisa (PROPESQ)

Dedamcaodemfraestruum e de concordancia com
a realizagdo da pesquisa, assinada pelo responsavel

pelo setor/servigo onde serd realizada a pesquisa

P= parcialmente NA=Nao se aplica

Diante do exposto, o Comité de Ftica em Pesquisa — CEP/UFJE, de acordo com as

atribuigdes definidas na Res. CNS 196/96, manifesta-se

proposto. devendo o pesquisador entregar o relatério no final da pesquisa.

Situacdo: Projeto Aprovado
Juiz de Fora, 15 de Dezembro de 2011

; ¢
zr;’ 'LL\ o LtL L’\
Maria A Vargas Dias

-~ CEPIUFJF

pela aprovagao do protocolo de pesquisa
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