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RESUMO

A osteoporose é uma doenca esquelética sistémica caracterizada por baixa DMO,
deterioragdo microarquitetural, causando aumento da fragilidade e susceptibilidade a
fratura. De posse deste conhecimento, o odontélogo pode vir a representar
importante papel na prevencado, diagnéstico precoce e triagem para exames
conclusivos de osteoporose em pacientes que apresentam baixa DMO. Sendo
assim, o objetivo deste estudo foi correlacionar os indices radiomorfométricos
obtidas por meio da telerradiografia lateral digital com a densidade mineral 6ssea
(DMO) avaliado pelo teste de absorciometria de raios X de dupla energia (DEXA -
Dual Energy X-ray Absorptiometry), em uma populacdo do sexo feminino pos-
menopausa com a finalidade de identificar pacientes com baixa densidade Ossea
mineral. A morfologia da cortical das vértebras foi avaliada utilizando um novo indice
cortical cervical (CCI), pela observacdo da integridade das corticais das vértebras
cervicais C2, C3 e C4, sendo CA para as corticais sem alteracdo e CB para com
alteracdo, em 94 pacientes do sexo feminino que tinham sido submetidas pela
avaliacdo do DEXA. Destas pacientes, 31 foram diagnosticadas com osteopenia, 30
com osteoporose e 33 eram normais. A morfometria foi realizada por meio das
mensuragdes das corticais anteriores, posteriores, superiores e inferiores das
vértebras cervicais C2, C3 e C4 e da profundidade da concavidade inferior destas
vértebras. A anélise estatistica foi realizada através do teste X* e ANOVA (teste de
Tukey), além da obtencdo da curva ROC. Observou-se associacao estatisticamente
significativa entre a densidade mineral 6ssea e o ICC para o grupo de osteoporose
(p < 0,01), mas ndo houve associacao estatisticamente significativa entre densidade
mineral 6ssea e ICC para o grupo osteopenia (p >0,05). Na associacao entre o
estado DMO (avaliacdo DEXA) e medidas morfométricas dos indices cervicais,
mostraram que houve diferenca estatisticamente significativa entre o grupo de
osteoporose em comparagdo com 0s grupos normal e osteopenia em concavidade
C2, C3, C4 e cortical posterior da C4, o grupo osteoporose, em compara¢cao com o
grupo normal em cortical inferior C2 e cortical anterior da C4 e 0 grupo osteopenia
em comparagdo com o grupo normal em cortical inferior C2. Assim, os indices
morfométricos, e principalmente o morfoldégico, com o novo indice ICC proposto,
avaliados em telerradiografia lateral digital sdo capazes de identificar as mulheres
pos-menopausicas com baixa densidade Ossea, principalmente nos casos mais
avancados (osteoporose) e pode ser utilizado como encaminhamento meédico para o
tratamento adequado.

Palavras-chave: Densidade 6ssea. Osteoporose. Radiografia.



ABSTRACT

Osteoporosis is a systemic skeletal disease characterized by low BMD (bone mineral
density), microarchitectural deterioration, causing increased of bone fragility and
susceptibility to fracture. With this knowledge, the dentist may come to represent an
important role in prevention, early diagnosis and screening for conclusive tests of
osteoporosis in patients with low BMD. Thus, the objective of this study was to
correlate radiomorphometric indices obtained through digital lateral cephalometric
radiographs with bone mineral density (BMD) measured by dual energy (DEXA -
Dual Energy X-ray Absorptiometry) X-ray absorptiometry test in a population of
postmenopausal women in order to identify patients with low bone mineral density.
The cortical morphology from bones of the vertebrae was evaluated using a new
cervical cortical index (ICC) by remarking the cortical integrity of the cervical
vertebrae C2, C3 and C4, being C1 to normal cortical and C2 to normal to abnormal,
in 94 women patients who was submitted to the DEXA. 31 of these patients were
diagnosed with osteopenia, 30 with osteoporosis and 33 were normal. The
morphometry was performed by means of measurements of the front, rear, upper
and lower C2, C3 and C4cervical vertebrae and the depth of the lower cortical
concavity of these vertebrae. Statistical analysis was performed using X? and
ANOVA tests (Tukey test), as well as providing the ROC Curve. We observed
significant statistic associations between bone mineral density and the ICC for the
osteoporosis group (p <0.01), but no statistic significant association between bone
mineral density and ICC for the osteopenia group (p> 0.05). On the association
between BMD status (DEXA evaluation) and cervical morphometric indexes
measurements , showed a significant statistically difference between osteoporosis,
normal and osteopenia groups in concavity C2, C3, C4 and posterior cortex of C4,
between osteoporosis and normal groups in C2 lower cortical and anterior cortical of
C4 and between osteopenia and normal group in lower cortical C2. Thereby, the
morphometric indices, and especially the morphology, with the new CCI index
proposed, evaluated in digital side radiography can identify postmenopausal women
with low bone density, particularly in advanced cases (osteoporosis) and may be
used as medical referral for appropriate treatment.

Keywords: Bone density. Osteoporosis. Radiograph.
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1 INTRODUCAO

Segundo dados do Instituto Brasileiro de Geografia e Estatistica (2012), em
2003 a populacédo de 60 anos ou mais estava em torno de 17 milhdes de pessoas,
constituindo cerca de 10% da populacdo total do Pais. Em 2006, os idosos
alcancavam, aproximadamente, 19 milhdes de pessoas. No estudo sobre projecoes
da populacéo brasileira realizado pelo IBGE, até 2050, o grupo etario de 60 anos ou
mais duplicard no periodo de 2000 a 2020, ao passar de 13,9 para 28,3 milhdes,
elevando-se, para 64 milhdes. Isso evidencia um acelerado processo de
envelhecimento da sociedade brasileira, favorecendo o aumento de ocorréncia de
doencas crbnico-degenerativas relacionadas ao envelhecimento da populacao,
como a osteoporose (Fig. 1) (INSTITUTO BRASILEIRO DE GEOGRAFIA E
ESTATISTICA, 2012). Essa populacdo € mais provavel de ter problemas
periodontais, bem como taxas de turnover O0sseo e perfis fisiolégicos que se
diferenciam dos pacientes mais jovens (MIYAJIMA; NAGAHARA; LIZUDA, 1996).

Figura 1: Estrutura relativa, por sexo e idade — Brasil — 1940/2005
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Fonte: INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA, 2012

O aumento da expectativa de vida junto a exigéncia estética vem crescendo
cada vez mais e repercute na odontologia. Um sorriso esteticamente agradavel é,

cada vez mais, tido como um quesito nos relacionamentos em nossa sociedade. A
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odontologia para adultos vem atender essa atual necessidade e o conhecimento de
alteracdes sistémicas que acometem os adultos e afetam diretamente o tratamento
ortodontico é cada vez mais necessario (MEIRELLES, 1999; ROTHE et al., 2006;
MAYARI; LUGO, 2010; VALERIO et al., 2013).

A osteoporose, doenca que atualmente é considerada um importante
problema de saude publica, acomete em significativa escala a populacdo adulta
mundial e em especial mulheres que ja atingiram o processo fisiologico da
menopausa (FALONI; CERRI, 2007; GERAETS et al., 2007; MAHL; LICKS;
FONTANELLA, 2008; RACHNER; KHOSLA; HOFBAUER, 2011). De acordo com a
Organizacdo Mundial de Saude (OMS), osteoporose é uma doenca esquelética
sistémica caracterizada por baixa densidade mineral 6ssea (DMO), deterioracdo
microarquitetural, causando aumento da fragilidade e susceptibilidade a fratura. Em
todo o mundo, aproximadamente 200 milhdes de mulheres apresentam osteoporose.
Ja no Brasil, cerca de 10 milh8es de brasileiros sofrem desta doenca. Porém,
apenas um em cada trés individuos portadores da doenca é diagnosticado e um em
cada cinco recebe tratamento. Além disso, estima-se que no Brasil cerca de 200 mil
mulheres morrerdo por complicacdes relacionadas as fraturas decorrentes da baixa
DMO nos proximos anos. Assim, a osteoporose vem sendo um problema de saude
publica, responsavel por consideraveis despesas anuais (FALONI; CERRI, 2007;
GERAETS et al., 2007; MAHL,; LICKS; FONTANELLA, 2008; RACHNER; KHOSLA,;
HOFBAUER, 2011).

Vérios fatores de risco estdo associados a osteoporose: histérico de fratura
prévia, baixo peso e indice de massa Ossea, deficiéncia estrogénica,
envelhecimento, leucodermas, histérico familiar de osteoporose, fatores ambientais
(tabagismo, consumo abusivo de bebidas alcodlicas e cafeina, inatividade fisica),
baixa ingestdo de calcio alimentar, drogas (corticosterdides, anti-epilépticos,
horménios tireoidianos, ciclosporina), doencas endocrinoldgicas
(hiperparatireoidismo primario, tireotoxicose, hipogonadismos, sindrome de Cushing,
diabete melito), hematoldgicas (mieloma mdltiplo), reumatolégicas (artrite
reumatoide), gastroenteroldgicas (sindrome da ma-absorcdo, doenca inflamatoria
intestinal, doenca celiaca) e doencas neurolégicas (deméncia). Entretanto, o
envelhecimento e a deficiéncia estrogénica devido a menopausa sao os fatores de
risco mais potentes para desencadearem a osteoporose, (IKI et al., 1996; BRASIL,
2002; BUTTROS et al., 2011).
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Fisiologicamente, as mulheres apresentam menor pico de massa 0ssea que
os homens, o que lhes confere baixa densidade mineral 6ssea (DMO). Este fato
associado a acelerada perda 6ssea ap0s a menopausa resulta na maior prevaléncia
da doenca osteoporose entre as mulheres. Tal perda acelerada persiste,
geralmente, por mais 5 a 10 anos ap0s a menopausa, independentemente da idade
de seu inicio (OHTA et al., 1996; ALBORG et al.,, 2001; RACHNER; KHOSLA;
HOFBAUER, 2011). Num individuo saudavel, a taxa de reabsorcdo e formacéo
0ssea sao essencialmente as mesmas. JA em um individuo com osteoporose a taxa
de reabsorcdo € mais alta que a de formacdo Ossea. Entretanto, na osteoporose
pdés-menopausa, tanto a reabsor¢do quanto a formacdo estdo aceleradas,
conferindo alto turnover 6sseo. Esta caracteristica a difere da osteoporose tipo senil
(MIYAJIMA; NAGAHARA,; LIZUDA, 1996).

No diagnostico da osteoporose sdo necessarios a anamnese, o exame clinico
e testes de avaliacdo da densidade mineral éssea. A anamnese e 0 exame fisico
devem incluir a avaliacdo da perda de altura e mudanca de postura. A densitometria
Ossea pela técnica de absorcdo de raios X de dupla energia (DEXA) tem sido
consensualmente aceita pela OMS como padrao-ouro para o diagnostico em funcao
da sua precisdo, duragéo e seguranca. As regides padronizadas para o exame sao a
coluna lombar, o fémur proximal, o radio distal e o corpo total. Enquanto a
mensuracdo da DMO da coluna lombar seria mais indicada na faixa etéaria
perimenopausa, o fémur proximal o seria na faixa senil, o radio distal na suspeita de
hiperparatireoidismo e o corpo total num esqueleto em desenvolvimento na faixa
infanto-juvenil. As principais indicagbes definidas pela National Osteoporosis
Foundation (1988) para a densitometria 6ssea compreendem: mulheres em fase peri
ou pos-menopausa recente; alteracdes vertebrais radiograficas sugestivas de
osteopenia; terapéutica prolongada com glicocorticoides; hiperparatireoidismo
primario assintomatico. Entretanto, a avaliacdo sistematica da populacdo atraves
deste método ndo tem sido recomendada como uma ferramenta de rastreio de
triagem para osteoporose, pois o limitado nimero de profissionais capacitados e o
alto custo do exame o tornam inviavel (MEIRELLES, 1999; NAKAMOTO et al., 2003;
GERAETS et al., 2007; MAHL; LICKS; FONTANELLA, 2008; NATIONAL
INSTITUTES OF HEALTH, 2011).

A definicdo operacional de osteoporose, sugerida pela OMS (Quadro 1),

indica que valores da DMO inferiores a 2,5 desvios-padrdo da média de valor de
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pico em adultos jovens (escore T < -2,5) sdo compativeis com o diagnéstico, devido
ao alto risco de fraturas (2,3) (BRASIL, 2002; ZERBINI et al., 2007).

Quadro 1: Critérios densitométricos da Organizacdo Mundial de Saude*

Categoria Escore T
Normal Até -1 (>)
Osteopenia Entre-1e-2,5
Osteoporose <-2,5
Osteoporose estabelecida < -2,5; associada a uma fratura de
fragilidade

*Critérios estabelecidos para as regifes: coluna lombar, colo do fémur e 1/3 médio
do réadio.

Fonte: BRASIL, 2002

Fraturas vertebrais sdo importante manifestacéo da osteoporose em mulheres
pos-menopausa e homens mais velhos (BUTTROS et al., 2011). Atividades diarias,
tais como um simples levantamento do corpo, tosse e gargalhadas podem aumentar
a carga compressiva vertebral e, em pacientes com osteoporose podem resultar em
fraturas das vértebras. Pesquisas clinicas indicam que ambos 0s sexos que
apresentam fraturas vertebrais relacionadas a osteoporose tendem a ter alteracées
nas vértebras bem como menor tamanho, baixa DMO e cortical 6ssea delgada
(Quadro 2) (BRICKLEY; IVES, 2008). O conhecimento de vérias deformidades
patolégicas em vértebras pode fornecer dados Uteis se aplicados rotineiramente em
analises. Fraturas vertebrais relacionadas a osteoporose ocorrem frequentemente
em individuos com 50 anos de idade ou mais. Tais fraturas podem ser classificadas
em diferentes tipos de deformidades: deformidade em cunha, bicdbncava e por
esmagamento. As consequéncias destas lesbes podem variar dependendo da
gravidade e do numero de corpos vertebrais atingidos, podendo incluir reducéo da
estatura e cifose, que pode levar a complicacfes respiratorias (BRICKLEY; IVES,
2008).




fratura

Mudancgas vertebrais relacionadas
aidade

Consequéncias

Reabsorcéo e perfuracéo trabecular

Reducao da forca Ossea
particularmente em mulheres.
Menores cargas sdo requeridas para

um colapso do corpo vertebral.

Perda de trabéculas horizontais

Disseminacao ineficiente das cargas.

Aumento do comprimento de
trabéculas verticais

Aumento da susceptibilidade as
fraturas.

Perda de trabéculas verticais

Amortecimento ineficiente de cargas.

Espessamento compensatério das
trabéculas remanescentes

Aumento das cargas compressivas
em trabéculas remanescentes.

Espessamento que pode aumentar a
fragilidade 6ssea

Desenvolvimento exacerbado das
micro-fraturas.

Cortical 6ssea delgada

Aumento do risco de colapso.

Degeneracao do disco intervertebral
relacionada a idade

Elasticidade reduzida.
Amortecimento  de
reduzido.

Aumento do risco de fraturas

compressao

Aposicao periosteal relacionada a
idade

Aumento transversal da area éssea.
Aumento do amortecimento de
cargas compressivas.

Risco de fraturas reduzido, sendo
maior em homens que mulheres.
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Quadro 2: Mudancas vertebrais relacionadas aidade e implicagfes ariscos de

Fonte: BRICKLEY; IVES, 2008

Considerando-se que pacientes odontolégicos sao rotineiramente submetidos
a radiografias odontoldgicas, como a panoramica e a telerradiografia lateral, varios
indices ou técnicas de analises imaginoldgicas tém sido pesquisados a fim de avaliar
a aplicabilidade dos exames radiograficos odontologicos para deteccdo da
diminuicdo da DMO. A radiografia panoramica ja vem sendo considerada como
potente método de diagndstico de baixa DMO (VALERIO et al., 2013). Estas
radiografias apresentam vantagens tais como baixa irradiacao, larga disponibilidade
para os pacientes, baixo custo e facil demonstracdo de alteracdes morfoldgicas
Osseas relacionadas ao envelhecimento (MEIRELLES, 1999; ROTHE et al., 2006;

GERAETS et al., 2007, MAHL; LICKS; FONTANELLA, 2008; VALERIO et al., 2013).
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Amplamente utilizada pelo ortodontista, a telerradiografia lateral, além da sua
grande importancia da cefalometria, € um dos métodos para determinar a idade e
maturacdo esquelética por meio de vértebras cervicais. Este exame radiogréafico
pode apresentar grande potencial para a identificacdo de alteracbes morfoldgicas e
morfométricas vertebrais decorrentes da baixa densidade mineral 6ssea (DMO),
entretanto ainda ha poucos trabalhos na literatura com esta associacao.

De posse deste conhecimento, o odontélogo pode vir a representar
importante papel na prevencdo, diagndstico precoce e triagem para exames
conclusivos de osteoporose em pacientes que apresentam baixa DMO. Desta forma,
tratamentos odontoldgicos realizados em pacientes com desequilibrio poderiam ser
evitados e retomados apos o reequilibrio das taxas de reabsorcdo e formacao
0ssea, além de evitar as inidmeras consequéncias dos individuos com osteopenia e
osteoporose, como fraturas e deformidades o6sseas (MIYAJIMA; NAGAHARA;
LIZUDA, 1996; VALERIO et al., 2013).
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2 OBJETIVOS

2.1 Objetivo geral

Identificar, por meio da telerradiografia lateral, possiveis alteracbes de
vértebras cervicais em pacientes portadores da doenca osteoporose poés-

menopausa.

2.2 Objetivos especificos

a) avaliar nas telerradiografias laterais o0s aspectos morfolégicos e
morfométricos das vértebras cervicais C2, C3 e C4 de pacientes poés
menopausicas;

b) Verificar a existéncia de correlacdo entre as alteracdes morfoldgicas e
morfométricas com os parametros estabelecidos pela OMS, por meio das
densidades minerais 6sseas da coluna lombar e do colo femoral obtidas
pelo teste DEXA de densitometria 0ssea; estabelecer um novo indice para

mensuracao da morfometria das vertebras cervicais.



22

3 MATERIAL E METODOS

3.1 Amostra

Este estudo iniciou-se apés a aprovagdo do projeto de pesquisa pelo Comité
de Etica da Pontificia Universidade Catélica de Minas Gerais (CAAE -—
0223.0.213.000-10) (ANEXO A). Foram selecionadas para a amostra em clinicas
publicas e privadas de Belo Horizontes — MG, em um universo de 1.200 mulheres 94
pacientes do género feminino, com idade entre 45 e 75 anos (idade média + desvio
padréo, 62,8+6,7), que submeteram a um tratamento odontoldégico com solicitagdo
de telerradiografia digital. Estas pacientes estavam no periodo pés-menopausico e
tinham realizado o teste de densitometria 6ssea (DEXA) por indicacdo médica.

Como parte dos critérios de inclusédo, cada constituinte da amostra aceitou e
assinou o termo de consentimento livre e esclarecido, além de responder um
guestionario contendo 0s seguintes itens: idade, raca, Ultima menstruacao (periodo
de amenorréia), possiveis medicamentos em uso, reposicdes hormonais,
ovarectomia, doencas sistémicas (endocrinoldgicas, hematolédgicas, reumatoldogicas,
gastroenterolégicas e neuroldgicas), possiveis vicios (fumo, alcool, entre outros),
histéricos familiar e de fratura(s) prévia(s), atividades fisicas, peso e dieta.
Selecionou-se apenas as pacientes que possuiam o0 mesmo resultado
densitométrico em ambos os sitios (coluna lombar e colo do fémur). Foram excluidas
da amostra as pacientes que faziam uso de fumo, alcool ou medicamentos que
afetam o metabolismo ésseo, pacientes com presenca de doenca 0ssea metabdlica,

presenca de cancer, comprometimento renal, doenga do figado.

3.2 Avaliacdo da densidade O0ssea mineral e aquisicdo da telerradiografia
lateral digital

As pacientes foram divididas em trés grupos de acordo com resultado do teste
de densitometria 0ssea, conhecido como teste de absorciometria de raios X de dupla
energia (DEXA - Dual Energy X-ray Absorptiometry), realizados usando DEXA
Central (Lunar Prodigy Primo™; GE Medical Sistema lunar, Madison, W1 ), cobrindo
a coluna lombar (L1- L4) e regibes do fémur proximal, em concordancia com a
definicdo operacional da OMS (WORLD HEALTH ORGANIZATION, 2004). Desta
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forma, 33 pacientes possuiam densidade mineral 6ssea normal (T-score acima de -1
desvio-padrao (DP) da média de valor de pico em adultos jovens), 31 pacientes
possuiam osteopenia (T-score entre -1 e -2,5 DP da média de valor de pico em
adultos jovens) e 30 pacientes osteoporose (T-score menor que -2,5 DP da média
de valor de pico em adultos jovens). Os calculos dos T-score foram baseados pela
National Health and Nutrition Examination Survey Il (NHANES Ill), recomendado
pela International Osteoporosis Foundation (NATIONAL OSTEOPOROSIS
FOUNDATION, 1998). A telerradiografia lateral foi obtida ap6s o periodo maximo de
um més apos o exame de DEXA, utilizando o aparelho KODAK 8000C Digital
Panoramic and Cephalometric SystemO (East Kodak Company, Rochester, Nova
York, EUA), com 140 kHz, 60-90 kV e 2-15 mA.

3.3 Avaliagdo das imagens

Dois aspectos foram analisados nas telerradiografias laterais: um qualitativo,
referente a forma da cortical das vertebras cervicais, e, outro, quantitativo, referente
a altura, largura e concavidade das vértebras cervicais (C2, C3 e C4). As avaliacdes
foram repetidas uma vez, por um especialista em radiologia e um especialista em
ortodontia em intervalo de um més. Tais avaliacdes qualitativas e quantitativas das
imagens foram obtidas através do Kodak Dental Imaging Software (Kodak Dental
Systems, Rochester, Nova York, EUA).

A morfologia da cortical 6ssea na telerradiografia lateral digital foi determinada
pela observacdo da integridade das corticais superiores e inferiores das vértebras
cervicais, o qual foi proposto um novo indice cortical cervical (cervical cortical index —
CCI) baseado no indice cortical mandibular (mandibular cortical index MCI) descrita
por Klemetti, Kolmakov e Kroger (1994): CA = cortical sem alteracdo, em que a
margem da cortical cervical apresenta-se lisa, delgada e continua; e CB = cortical
com alteracdo, em que a margem da cortical cervical apresenta-se irregular, espessa

e/ou descontinua (Fig. 2).
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Figura 2: Imagens e esquemas demostrando o novo indice cortical cervical
(CClI), CA para cortical sem alteracdo e CB para cortical com alteragao

CA—Sem alteracdo |CB - Com alteracdo

Fonte: Elaborado pela autora

A morfometria cervical foi realizada por meio das mensuracfes, em
milimetros, das corticais anteriores, posteriores e superiores das vértebras C3 e C4,
e corticais inferiores e profundidade da concavidade inferior das vértebras C2, C3 e
C4. Para a mensuracdo da profundidade concavidade, utilizaram-se o0s pontos

cefalométricos descritos por Baccetti, Franchi e McNamara Junior (2005) (Fig. 3).
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Figura 3: Aquisicdo da morfometria cervical: corticais anteriores, posteriores e
superiores das vértebras C3 e C4, corticais inferiores das vertebras C2, C3 e
C4 e profundidade da concavidade das vértebras C2, C3 e C4

a4

Fonte: Elaborado pela autora

As telerradiografias laterais digitais foram avaliadas por dois examinadores,
um especialista em radiologia oral e outro especialista em ortodontia, 0s quais foram
treinados e calibrados. As avaliagoes foram do tipo duplo cego. As avaliagcées foram
realizadas duas vezes, com intervalo de 1 més, para avaliacdo da repetibilidade inter

e intraexaminadores.

3.4 Andélises estatisticas

As concordancias intra e interexaminadores foram avaliadas pelo coeficiente

Kappa. Para interpretacdo do teste Kappa, valores de 0,81-1,00 indicam
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concordancia excelente, valores de 0,61-0,80 indicam boa concordancia, 0,41-0,60
indicam concordancia moderada, 0,21-0,40 indicam fraca concordancia e valores
menores de 0,20 indicam concordancia pobre.

O teste X? foi utilizado para determinar a associacdo entre a densidade
mineral 6éssea (DMO) (avaliagdo do DEXA) e os achados morfolégicos da cortical
ossea cervical (indice CCI). O nivel de significancia foi p<0,01. A area sob a curva
de ROC (valores Az) foi calculada através do software BioEstat 5.0 (Belém, Brasil)
com a finalidade de determinar a sensibilidade e especificidade do método
(telerradiografia lateral digital). Além do verdadeiro positivo (sensibilidade) e
verdadeiro negativo (especificidade), foram calculados, os falsos positivos e falsos
negativos.

Na analise dos dados morfométricos, a analise de variancia (ANOVA - teste
de Tukey) foi utilizado para determinar as possiveis diferencas entre o estado de
densidade mineral 6ssea (avaliagdo DEXA) e medidas morfométricas das alturas,
larguras profundidade de concavidade inferior de cada vértebra cervical selecionada
C2, C3 e C4). O nivel de significancia foi p<0,05.
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4 ARTIGO

Validacdo da telerradiografia lateral digital como meio auxiliar na
identificacdo de pacientes com baixa densidade mineral 6ssea em mulheres

pés-menopausa.

Artigo a ser submetido a revista Dentomaxillofacial Radiology (Qualis Al),
cujas normas para submissdo de artigos podem ser visualizadas no endereco

eletronico: http://dmfr.birjournals.org.
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ABSTRACT

Objectives: Correlating radiomorphometric index obtained through digital lateral radiograph
with bone mineral density (BMD) measured by dual energy X-ray absorptiometry test (DEXA
- Dual Energy X-ray Absorptiometry), in a post menopausal female population in order to
identify patients with low bone mineral density.

Methodology: The cortical morphology of the vertebrae was assessed using a new cervical
cortical index (CCI), by observing the integrity of C2, C3 and C4, cortical cervical vertebrae
being classified in CA for cortical without alterations and CB for with alterations in 94 female
patients who had undergone evaluation by DEXA. From these patients, 31 were diagnosed
with osteopenia, 30 with osteoporosis and 33 were normal. The morphometry was performed
using the measurements of anterior, posterior, upper and lower cortical of C2, C3 and C4
cervical vertebrae and the depth of the lower concavity of these vertebrae. Statistical analysis
was performed using the X? test and ANOVA (Tukey test), as well as obtaining the ROC
curve.

Results: There was a statistically significant association between bone mineral density and
the CCI for osteoporosis group (p <0.01), but there was no statistically significant association
between bone mineral density and CCI for osteopenia group (p> 0.05). In association between
BMD status (DEXA evaluation) and morphometric measurements of the cervical indexes,
showed a statistically significant difference between the osteoporosis group compared with
the normal and osteopenia groups in C2, C3, C4 concavity and C4 posterior cortical,
osteoporosis group compared with the normal group in C2 and C4 lower cortical and the
anterior cortical osteopenia group compared with the normal group in C2 lower cortical.
Conclusions: The morphometric indexes, especially the morphological, with the proposed
new CCI index, evaluated in digital lateral radiography are capable of identifying
postmenopausal women with low bone density, especially in more advanced cases
(osteoporosis) and can be used as medical referral for appropriate treatment.

Keywords: bone density; osteoporosis; radiography.
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Introduction

The increase in life expectancy with the aesthetic requirement is growing more and
more and affects the dentistry. Orthodontics for adults comes to meet this current need and
knowledge of systemic alterations that affect adults and directly affect the orthodontic
treatment is increasingly necessary. 1434

Osteoporosis, a disease which is currently considered an important public health
problem, affects on a significant scale the world's adult population, in particular women who
have reached the physiological process of menopause. >*"® According to the World Health
Organization (WHO), osteoporosis is a systemic skeletal disease characterized by low bone
mineral density (BMD), microarchitectural deterioration, causing increased fragility and
susceptibility to fracture. Worldwide, approximately 200 million women have osteoporosis.
In addition, many women will die from complications related to fractures resulting from low
BMD in the coming years. Thus, osteoporosis has been a public health problem, responsible
for considerable annual expenses. >®"#

Several risk factors are associated with osteoporosis: a history of previous fracture,
low weight and bone mass index, estrogen deficiency, aging, Caucasian, family history of
osteoporosis, environmental factors (smoking, excessive consumption of alcoholic beverages
and caffeine, physical inactivity) , low dietary calcium intake, drugs (corticosteroids, anti-
epileptics,  thyroid  hormones,  cyclosporine),  endocrine  disorders  (primary
hyperparathyroidism, thyrotoxicosis, hipogonadismos, Cushing's syndrome, diabetes
mellitus), hematologic (multiple myeloma), rheumatic (rheumatoid arthritis)
gastroenterology (from malabsorption syndrome, inflammatory bowel disease, celiac disease)
and neurological diseases (dementia). However, aging and estrogen deficiency due to
menopause are the strongest risk factors for triggering the osteoporosis. >

Physiologically, women have less bone mass peak than men, giving them low bone
mineral density (BMD). This fact is associated with accelerated bone loss after menopause
results in a higher prevalence of the osteoporosis disease among women. Such loss persists
usually for over 5 to 10 years after menopause, regardless of their age of its beginning.8**? In
a healthy individual, the rate of bone resorption and formation are essentially the same. Now,
in a person with osteoporosis the bone resorption rate is higher than bone formation.
However, postmenopausal osteoporosis, both resorption as the formation is accelerated,

providing high bone turnover. This characteristic differs from osteoporosis senile type. 2
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In the diagnosis of osteoporosis the anamnesis, clinical examination and evaluation
tests in bone mineral density are needed. Anamnesis and physical examination must include
the evaluation of height loss and change in posture. Bone densitometry by absorption
technique for dual-energy X-ray (DEXA) has been consensually accepted by WHO as the
gold standard for diagnosis according to its accuracy, duration and safety. Regions
standardized for the exam are the lumbar spine, proximal femur, distal radius and total body.
While the measurement of BMD of the lumbar spine would be most appropriate
perimenopausal age group, the proximal femur would be in senile group, the distal radius on
suspicion of hyperparathyroidism and the total body in skeleton development in children and
youth range. The main defined indications for bone densitometry include: women in peri or
recent post-menopause; radiographic vertebral abnormalities suggestive of osteopenia;
prolonged therapy with glucocorticoids; asymptomatic primary hyperparathyroidism.
However, the systematic evaluation of the population by this method has not been
recommended as a sorting screening tool for osteoporosis because of the limited number of
trained professionals and the high cost of examination makes it impossible, *¢ 141516

Considering that dental patients are routinely subjected to dental radiographs, such as
panoramic and lateral radiograph, several indexes or imaginological analysis techniques have
been studied to assess the applicability of dental radiographs for detecting loss of BMD.
Panoramic radiography has already been considered as a powerful diagnostic method of low
BDM.* These radiographs present advantages such as low irradiation, high availability to
patients, low cost and easy demonstration of bone morphological changes related to aging.
1,2,4,6,7

Widely used by the orthodontist, the lateral radiograph, besides its great importance of
Cephalometry is one of the methods to determine the age and skeletal maturation by cervical
vertebrae. This radiographic examination may show great potential for the identification of
vertebral morphological alterations resulting from low bone mineral density (BMD), however
there are still no studies in the literature with this association.

Having this knowledge, the dentist can come to represent an important role in
prevention, early diagnosis and screening for conclusive tests of osteoporosis in patients with
low BMD. Thus, dental treatments in uncontrolled patients could be avoided and resume after
the rebalancing of resorption and bone formation rates and, in addition to avoid the many
consequences of individuals with osteopenia and osteoporosis, such as fractures and bone

deformities. #*3
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So this study aims to identify, through the lateral radiograph, possible alterations of
cervical vertebrae in patients with the postmenopausal osteoporosis disease.

Material e methods

Sample

This study started after approval of the research project by the Ethics Committee of the
Pontifical Catholic University of Minas Gerais (CAAE -0223.0.213.000-10) (Appendix A).
The sample was selected in public and private clinics of Belo Horizonte- MG, in a universe of
1,200 women, but only 94 female patients, aged between 45 and 75 years old (average age +
standard deviation, 62.8 + 6, 7) which underwent dental treatment with a digital radiography
request consisted the sample. These patients were in postmenopausal period and had
undergone the bone densitometry test (DEXA) by medical indication.

As part of the inclusion criteria, each constituent of the sample accepted and signed
the informed consent, in addition to completing a questionnaire containing the following
items: age, race, last menstruation (amenorrhea period), possible medications in use,
hormonal replacement, ovariectomy, systemic diseases (endocrine, hematologic,
rheumatologic, gastroenterological and neurological), possible addictions (smoking, alcohol,
among others), family histories and prior fracture(s), physical activity, weight and diet. It was
selected only the patients who had the same densitometry result at both places (lumbar spine
and femoral neck). Patients who used tobacco, alcohol or medication affecting bone
metabolism, patients with presence of metabolic bone disease, presence of cancer, kidney
damage, liver disease, destructive bone lesion in the jaw, previous surgery in the jaw ,
presence of non-vertebral fracture or vertebral osteoporotic BMD at the time of the test were

excluded from the sample.

Evaluation of bone mineral density and acquisition of digital lateral radiography

The patients were divided into three groups according to results of bone densitometry
test, known as the dual energy X-ray absorptiometry test (DEXA - Dual Energy X-ray
Absorptiometry) performed using Central DEXA (Lunar Prodigy Primo ™, GE Medical
System lunar, Madison, WI) covering the lumbar spine (L1-L4) and regions of the proximal

femur, in accordance with the operational definition of WHO. *’ Thus, 33 patients had normal



33

bone mineral density (T-score above -1 standard deviation (SD) of the peak value average in
young adults), 31 patients had osteopenia (T-score between -1 and -2.5 SD of peak value
average in young adults) and 30 patients osteoporosis (T-score less than -2.5 SD of peak value
average in young adults). The T-score calculations were based by the National Health and
Nutrition Examination Survey Il (NHANES IIl), recommended by the International
Osteoporosis Foundation. ** The lateral radiograph was obtained after the maximum period of
one month after the examination of DEXA using the apparatus KODAK 8000C Digital
Panoramic and Cephalometric SystemO (East Kodak Company, Rochester, New York, USA)
with 140 kHz, 60-90 kV and 2-15 mA. Qualitative and gquantitative evalations of the images
were obtained by Kodak Dental Imaging Software (Kodak Dental Systems, Rochester, New
York, USA).

Evaluation of images

Two aspects were analyzed in lateral radiographs: a qualitative one, referring to the
cortical shape of cervical vertebrae, and, second, quantitative, referring to the height, width
and concavity of the cervical vertebrae (C2, C3 and C4). The measurements were repeated
once at one month intervals.

The cortical bone morphology in digital lateral radiograph was determined by
observing the integrity of the upper and lower cervical vertebrae cortical, which was proposed
a new cervical cortical index (cervical cortical index — CCI) based on the mandibular cortical
index (mandibular cortical index MCI1)'®: CA = cortical without alteration, where the margin
of the cervical cortical presents smooth, thin and continuous; and CB = cortical alteration in
the cervical margin of the cortical presents irregular, thick and / or discontinuous (Figure 1).
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CA — Without alteration | CB — With alteration

Figure 1: Images and diagrams demonstrating the new cervical cortical index (CClI), CA to

cortical without alteration and CB to cortical with alteration.

The cervical morphometry was performed using the measurements in millimeters, of
the anterior, posterior and upper cortical of C3 and C4 vertebrae , and lower cortical and
depth of the lower concavity of the C2, C3 and C4 vertebrae. To measure the depth concavity,

we used the cephalometric points *° (Figure 2).
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Figure 2: Acquisition of cervical morphometry: anterior, posterior and upper cortical of C3
and C4 vertebrae, lower cortical of C2, C3 and C4 vertebrae and depth of the concavity of C2,
C3 and C4 vertebrae.

Digital lateral radiographs were evaluated by two examiners, one is a specialist in oral
radiology and other specialist in orthodontics, which were trained and calibrated. The
evaluations were double blind type. The evaluations were performed twice, with an interval of

one month to evaluate the repeatability and inter Intra-examiner.

Statistical analysis

The intra and inter concordance were evaluated by Kappa coefficient. For
interpretation of the Kappa test, 0.81-1.00 values indicate excellent concordance, 0.61 to 0.80
values indicate good concordance, 0.41 to 0.60 indicate moderate concordance, 0.21 to 0.40

indicate poor concordance and values less than 0.20 indicate poor concordance.
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The X? test was used to determine the association between bone mineral density
(BMD) (evaluation of DEXA) and the morphological findings of cervical bone cortex (CCI
index). The level of significance was p <0.01. The area under the ROC curve (Az values)
were calculated using the BioEstat 5.0 software (Belém, Brazil) in order to determine the
sensitivity and specificity of the method (digital lateral radiography). In addition to the true
positive (sensitivity) and true negative (specificity) were calculated, false positives and false
negatives.

In the analysis of morphometric data, analysis of variance (ANOVA - Tukey test) was
used to determine the association between the state of bone mineral density (DEXA
evaluation) and morphometric measurements of heights, widths, depth of lower concavity of

each selected cervical C2, C3 and C4 vertebra). The level of significance was p <0.05.

Results

From 94 postmenopausal women who participated in this study, 33 (35.11%) were
normal, 31 (32.98%) had osteopenia and 30 (31.91%) had osteoporosis with skeletal base in
BMD (bone mineral density).

In the analysis of morphometric and morphological indexes, weighted kappa value for
intra-observer was more than 0.84 between the two measurements of the two observers.
Similarly, the considerate value of kappa for interobserver concordance was more than 0.80
for all indexes. These results show excellent intra and inter observer concordance.

The X? test showed a statistically significant association between BMD skeletal and
CCI (Cervical Cortical Index) (p = 0.0002) for the osteoporosis group, but these tests did not
show a statistically significant association between BMD skeletal and CI (p = 0, 12) for
osteopenia group. The areas under the curve was 0.90 (osteoporosis) and 0.62 (osteopenia)
with 90% sensitivity and 91% specificity for osteoporosis and 70% sensitivity and 55%
specificity of osteopenia (Figure 3). The positive predictive value and negative predictive
value were determined to be 91% and 90% for osteopenia and 22% and 90% for osteoporosis,

respectively.
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Figure 3 - Receiver operating characteristic (ROC) curve to determine sensitivity and
specificity by evaluating the changes in the appearance of the mandible cortical index
observed on digital panoramic radiographs for the lower bone mineral density group
(osteopenia and osteoporosis). Osteoporosis area under ROC curve A = 0.90 and osteopenia
area under ROC curve B = 0.62.

The analysis of variance (p <0.01, ANOVA - Tukey test) was used to determine the
association between BMD status (DEXA evaluation) and morphometric measurements of the
cervical indexes. Table 1 shows that there was a statistically significant difference between
the group of osteoporosis compared to normal groups and osteopenia in C2, C3, C4 concavity
and C4 posterior cortex, the osteoporosis group compared with the normal group and in the
C2 lower cortical and in the C4 anterior cortical and osteopenia group compared with the
normal group C2 width.
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Table 1 - Comparison of the average values and standard deviation (= SD) of the mandibular

cortical in mm for different groups

Withou alteration  Osteopenia Osteoporosis
(M £ SD) (M £SD) (M £SD)
C2 Lower Cortical 1,56 £0,18 1,44* + 0,15 1,43** + 0,16
C2 Concavity 0,21 £ 0,05 0,19 + 0,04 0,16*** + 0,03
C3 Posterior 1,35+ 0,10 1,29+0,11 1,27 £0,14
Cortical
C3 Anterior 1,26 +0,12 1,25+0,12 1,21+0,11
Cortical
C3 Upper Cortical 1,45+ 0,11 1,42 + 0,13 1,42 + 0,10
C3 Lower Cortical 1,65+0,14 1,57 +£0,18 1,56 £ 0,14
C3 Concavity 0,20 £ 0,03 0,20+ 0,03 0,17*** + 0,04
C4 Posterior 1,29 £0,09 1,27 £ 0,07 1,19*** + 0,08
Cortical
C4 Anterior 1,23+ 0,15 1,21 +0,10 1,11** + 0,12
Cortical
C4 Upper Cortical 1,50+0,14 1,49 + 0,12 1,47 +0,14
C4 Lower Cortical 1,64 £ 0,12 1,62 +0,18 1,61+0,18
C4 Concavity 0,19 £ 0,04 0,19 £ 0,06 0,16*** + 0,04

* Significant differences between the osteopenia group and normal groups, ** significant differences between
the osteoporosis group and the normal group and *** significant differences between the osteoporosis group and

the normal group / osteopenia according to the Tukey test (p <0.05).
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Discussion

In this study, the data evaluated from the digital lateral radiography were compared
with bone mineral density (BMD) measured by dual energy X-ray absorptiometry test (DEXA
- Dual Energy X-ray Absorptiometry). The WHO classification of BMD for diagnosis of
osteoporosis is based on cross-sectional data in postmenopausal women, showing a consistent
correlation between BMD, values obtained by DEXA and fracture risk, and it is considered
the non-invasive gold standard diagnostic method to osteoporosis. ° Several places can be
used to perform DEXA, however the most common locals and with greater loyalty results are
the projections of the anteroposterior of the spine and hip.

As the pattern and magnitude of bone loss does not occur homogeneously in all
skeletal places, the same patient may experience different stages of bone loss at each analyzed
local resulting in errors in the global classification. 2! In order to correctly classify patients of
this study, women were selected who were in the postmenopausal period and had the same
diagnosis by DEXA in the two evaluation places (spine and hip) in the evaluation of BMD in
the period up to 1 month after the day of digital lateral radiography.

In some studies on correlation of BMD with morphometric and morphological
indexes, show poor or moderate inter and intra-examiner relationship for Kappa values and
attributed these results to variations in the trial of examiners. 2> In this study, it was found
for all indexes an inter examiners Kappa value more than 0.80 and intra-examiner were more
than 0.84, showing excellent concordance. This high concordance can be assigned by the
professional experience of the examiner, in addition to training and previous calibration.*

Visual analysis for osteoporosis detection is performed taking into consideration the
increase in vertebral radiolucency with thinning of the bone cortical.?* The increased of
radiolucency is the result of resorption and the thinning of the bone trabecular. These bone
trabecular alterations are more pronounced in the axial skeleton and the ends of long bones of
the appendicular skeleton (joust-articular portion) due to their larger amount of trabecular
bone. The loss of trabecular bone occurs in a predictable way: initially lose the secondary
trabecular with emphasis on the primary trabecular, in the spine is visible as thinning of the
trabecular horizontal and vertical prominence. As a result of the loss of trabecular bone, the
tapered cortical generally appears to be thicker, giving the impression of a line that
demarcates the vertebral body # and in a subsequent phase of BMD decrease, this cortical

becomes irregular and porous. In the morphological analysis of the present study, we
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observed significant difference between BMD and the proposed new cervical index (ICC) in
patients with osteoporosis. In patients with osteopenia, there was no statistical difference
between this new index with patients with no decrease in bone mineral density (Normal),
which can be explained by absorption of X-rays in a conventional radiograph, in which it is
often possible to detect bone alterations/ losses when there is more than 30% of the bone
structure loss. %®

Unlike DEXA, spine radiographs are still the only approved type for diagnosis of
vertebral fracture by the US Food and Drug Administration (FDA), %" but such radiographs do
not cover the cervical vertebrae, on the contrary of the present study that there is focus on the
vertebrae cervical that as the rest of the vertebral set assists in the identification of bone
mineral density.

The radiographic imaging enlargement ratio is an important factor in the comparative
evaluation in cross-sectional and longitudinal studies. It is known that most orthodontic
studies is based on cephalometric analysis and it is important that measures are carried out in
lateral radiographs obtained in the same radiographic apparatus.?® Radiographic enlargement
may present high positive correlation with the linear measurements, being responsible for
significant variations measurements, regardless of the location of anatomical points. Now, in
angular measurements, the image enlargement does not provide significant modifications. 2°
To standardize the present study, the digital lateral radiographs of 94 patients were acquired in
the same apparatus, using cephalostat which allows the median sagittal plane of the individual
to remain parallel to the radiographic film and perpendicular to the X-ray beams, respecting
the Frankfurt horizontal plane.

With respect to methodology, there are no studies correlating DEXA exam to digital
lateral radiography. The advantages of digital techniques as compared with conventional
techniques are its low radiation, image communication faster, less need for storage space, and
less contamination environment.***! The observers can utilize alterations in brightness,
contrast and expansion to improve the repeatability of any study. **

A wide variety of methods for non-invasive assessment of bone architecture have been
developed, most of which are based on the use of ionizing radiation. Although the doses of
ionizing radiation during X-ray imaging techniques are relatively low, the use of radiological
methods for evaluating the state of increased bone rapidamente.32 this study we chose a
technique that is widely used by dentists, as these professionals are increasingly being sought
by the adult population over 50 years. The ultimate goal of this study is to present another

method for image widely used in clinical practice to identify patients with osteoporosis, since
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this disease are often discovered in a late stage with very serious consequences. Since the
WHO does not indicate the exam as DEXA screening test to screen patients with BMD loss,
and osteoporosis is a silent disease, it is necessary to have other tools to identify these
patients.

A wide variety of methods for non-invasive evaluation of bone architecture have been
developed, most of which are based on the use of ionizing radiation. Although the doses of
ionizing radiation during X-ray imaging techniques are relatively low, the use of radiological
methods for evaluating the state of bone quickly increased. ** In this study we chose a
technique that is widely used by dentists, as these professionals are increasingly being sought
by the adult population over 50 years old. The ultimate goal of this study is to present another
method for image widely used in clinical routine to early identify patients with osteoporosis,
once this diseases are often discovered in a late stage with very serious consequences. Since
the WHO does not indicate the DEXA exam as a preventive screening test to screen patients
with BMD loss, and osteoporosis is a silent disease, it is necessary to have other tools to
identify these patients.

In conclusion, the new morphological index proposed in this study (ICC) and some
morphometric parameters (concavity of C2, C3 and C4 vertebrae, C2 lower cortical and C4
anterior and posterior cortical), used and evaluated in digital lateral radiography are capable
of identifying postmenopausal women with low bone density, particularly in advanced cases,
in other words, patients with osteoporosis case. ldentifying these patients, they must be

referred to a doctor for appropriate treatment.
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5 CONSIDERACOES FINAIS

O novo indice morfologico proposto neste estudo (ICC) e alguns parametros
morfométricos (concavidade das vértebras C2, C3 e C4; cortical inferior da C2 e
corticais anterior e posterior da C4), utilizado e avaliado em telerradiografia lateral
digital sdo capazes de identificar as mulheres poOs-menopausicas com baixa
densidade 6ssea, principalmente em casos mais avancados, ou seja, pacientes com
qguadro de osteoporose. Na identificacdo destas pacientes, as mesmas devem ser

encaminhadas ao médico para o tratamento adequado.
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