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RESUMO

Estruturacao da tese: O presente estudo optou pelo “Modelo Escandinavo”, o qual é
chamado de “Modelo Alternativo” no Programa de Pés-Graduacdo em Sadde da Crianga e
do Adolescente da Faculdade de Ciéncias Médicas da Universidade Estadual de Campinas
(UNICAMP). Sendo assim, a tese foi composta por introdugdo, objetivos, capitulos (I e II)
e conclusdo geral. A introdugdo apresentou os principais estudos sobre massa dssea e da
técnica de avaliac@o deste tecido por meio da ultrassonografia de falange. No capitulo I e 11
encontram-se os artigos que foram redigidos segundo as normas especificas de cada
periddico a que foram submetidos. Na conclusdo geral foram apresentadas as principais
conclusdes dos dois artigos. As referéncias bibliograficas foram apresentadas no final de
cada capitulo e da tese. A seguir, foram apresentadas as principais informacgdes que se
referem a estruturacdo dos dois capitulos da tese. Objetivo: avaliar a quantidade e
qualidade 6ssea, por meio de ultrassonografia das falanges, em escolares sauddveis, brancos
e negros, em relacdo ao nivel socioecondmico e composi¢do corporal, e ainda comparar a
quantidade 6ssea com referéncias européias. Materiais e Métodos: participaram do estudo
1.356 escolares saudaveis de diferentes niveis socioecondmicos, divididos em brancos e
negros com idades de seis a onze anos, de ambos os géneros. Por métodos antropométricos
foram avaliados o peso e a estatura e calculados o percentual de gordura, massa gorda,
massa magra e indice de massa corporal, que foi transformado em escore z para idade. Para
definir os desvios de normalidade foram adotados como pontos de corte valores abaixo
de -2 e acima de +2 dos valores do escore z. Para o procedimento de coleta das medidas
individuais do pardmetro de quantidade 6ssea (AD-SoS = Amplitude Dependent of Speed
Sound) e qualidade 6ssea (UBPI = Ultrasound Bone Profile Index) utilizou-se o ultra-som
nas falanges com o aparelho DBM Sonic® BP, IGEA, de 3* geracdo. Os valores médios de
AD-SoS deste estudo foram comparados a cinco referéncias européias que apresentam
valores normativos para criangas e adolescentes. Foi realizada a andlise descritiva dos
dados, e para a comparacdo da idade, dos gé€neros e das cores da pele com as varidveis
AD-SoS e UBPI, utilizou-se a andlise de variancia (ANOVA - two way) seguida pelo teste

de comparacdes multiplas de Tukey (p<0,05). Aplicaram-se ainda os testes Mann-Whitney,
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qui-quadrado, coeficiente de correlacdo e andlise de regressdo linear multipla com
significancia de 5%. Para a comparacdo da AD-SoS dos escolares, de ambos os géneros e
cores de pele em relagdo as referéncias, recorreu-se ao teste t Student, que compara duas
médias, sendo uma delas a referéncia. Resultados: Os escolares negros predominaram nos
niveis socioecondmicos baixos. Os meninos negros apresentaram valores superiores no
peso e estatura, enquanto as meninas negras na massa magra, em relacdo aos escolares
brancos do mesmo género e idade. Observou-se variacao crescente dos seis aos onze anos
para ambos os géneros e cor da pele nas médias de AD-SoS. Os brancos apresentaram
valores superiores de AD-SoS e UBPI em relacdo aos negros. As varidveis antropométricas,
género e nivel socioecondmico explicaram apenas 17 e 11% da variabilidade de AD-SoS e
UBPI, respectivamente. Comparando a AD-SoS deste estudo com as cinco referéncias
européias, observou-se para ambos os géneros e cores de pele valores inferiores ao estudo
polonés e semelhante aos demais para as meninas, enquanto que 0S meninos apresentaram
valores semelhantes aos estudos italianos e inferiores ao espanhol. Conclusdo: Sendo
assim, o presente estudo, apresentou massa Ossea, avaliada por ultrassonografia das
falanges, maior nos brancos que nos negros. A quantidade 6ssea dos escolares deste estudo
aumentou dos seis aos onze anos de idade para ambos os géneros e cores da pele. A
quantidade 6ssea encontrada nas criangas brasileiras de ambos os géneros e cores de pele
foi inferior em relacdo aos poloneses, semelhante aos italianos; e em relacdo ao estudo
espanhol, os géneros ndo apresentaram uniformidades, sendo as meninas semelhantes e os

meninos com valores inferiores.

Palavras-chave: osteossonometria, massa dssea, etnologia, falanges, escolares.
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ABSTRACT

Thesis Structuring: The present study opted for the “Scandinavian Model” which is called
the “Alternative Model” in the Post-Graduation Program in Child and Adolescent Health
from the Medical Sciences College of University of Campinas (UNICAMP). Therefore, the
thesis was compounded by introduction, objective, chapters (I and II) and general
conclusion. The introduction presented the main studies on bone mass and the evaluation
technique of this tissue by the use of phalanx ultrasound. The articles that were written
according to the specific norms of each journal to which they were submitted to are found
on chapters I and II. On the general conclusion the main conclusions of both articles were
presented. The bibliographical references were presented at the end of each chapter and of
the thesis. Further, the main information about the structuring of both chapters of the thesis
was presented. Objective: to evaluate the bone quantity and quality, by phalanxes
ultrasound, in healthy, black and white, schoolchildren, in relation to the socioeconomic
level and body composition, and still, to compare the bone quantity to European references.
Materials and Methods: 1,356 healthy schoolchildren from different socioeconomic level
participated on this study, divided into black and white with ages from six to eleven years
old, from both genders. The weight and height were evaluated by anthropometric methods
as well as the percentage of fat, fat mass, lean mass and body mass index, which was
transformed in score z for the age, were calculated. To define the normality deviations it
was adopted, as cut points, values below -2 and above +2 from the values of the score z.
For the procedure of collecting the individual data of the bone quantity parameter
(AD-SoS = Amplitude Dependent of Speed Sound) and bone quality (UBPI = Ultrasound
Bone Profile Index) it was used the ultrasound on the phalanxes with the 3rd generation
DBM Sonic® BP, IGEA device. The average values of AD-SoS from this study were
compared to five European references that presented normative values for children as well
as for adolescents. The descriptive analysis of the data was realized, and for the age,
genders and skin colors comparison with the variables AD-SoS and UBPI, the variance
analysis was used (ANOVA - two way) followed by the test of multiple comparisons of

Tukey (p<0,05). The Mann-Whitney, qui-squared, correlation coefficient and multiple



linear regression analysis with 5% significance were also applied. For the comparison of
AD-SoS of the schoolchildren, from both genders and skin colors in relation to the
references, the t Student, that compares two averages, being one of them the reference, was
chosen. Results: the black schoolchildren predominated on the low socio-economic levels.
The black boys presented higher values for weight and height, while the black girls for lean
mass, in relation to white schoolchildren from the same age and gender. It was observed a
crescent variation from six to eleven years of age for both genders and color of skin in the
averages of AD-SoS. The white schoolchildren presented higher values of AD-SoS and
UBPI in relation to the black ones. The anthropometric variables, gender and
socio-economic level explained only 17 and 11% of the variability of AD-SoS and UBPI,
respectively. Comparing the AD-SoS from this study to the five European references, it
was observed for both genders and colors of skin lower values than to the Polish study and
similar to the other studies for the girls, while the boys presented similar values to the
Italian studies and lower than the Spanish ones. This way, the present study, presented
higher bone mass, evaluated by phalanxes ultrasound, in white schoolchildren than in black
ones. The bone quantity of the schoolchildren from this study rose from the six to the
eleven years of age for both genders and colors of skin. The bone quantity found in
Brazilian children from both genders and colors of skin was lower in relation to the Polish,
similar to the Italians; and in relation to the Spanish study, the genders didn’t present

uniformities, being the girls similar and the boys with lower values.

Key-words: osteosonometry, bone mass, ethnologiy, phalanxes, schoolchildren.
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A osteoporose deixou de ser uma preocupagdo exclusiva de individuos adultos
e idosos, uma vez que a densidade mineral 6ssea dessa populacdo depende da massa dssea
adquirida durante os primeiros 20 a 30 anos de vida (Van der Sluis Im e
Muinck Keizer-Schrama, 2001). A organizacdo mundial de sadde define a osteoporose
como uma doenga osteometabllica, caracterizada pela diminui¢do e deterioracdo da
microarquitetura do tecido dsseo, com conseqiiente aumento da fragilidade do osso e da

suscetibilidade a fraturas (WHO, 1994).

A incidéncia de fraturas osteoporéticas estd estreitamente relacionada a massa
Ossea do individuo, que depende tanto da quantidade de tecido dsseo adquirido durante toda
a vida, em especial na puberdade e inicio da vida adulta quanto da velocidade de perda
durante a vida (Branddo e Vieira, 1999; Silva et al., 2007; Tan et al., 2007). A osteoporose
e as fraturas decorrentes dela sdo causa de elevadas taxas de morbidade, mortalidade e
custos médicos em todo o mundo e, por estes motivos, t€ém sido consideradas um problema
de sadde publica (Fissler e Bonjour, 1995; Melton, 2000; Vellas et al., 2000;
Neto-Pinto et al., 2002; Frazdo e Naveira, 2006). A preven¢do deve ser focalizada ndo
somente na perda Ossea, mas principalmente na obten¢do do pico de massa dssea ideal
(Heaney et al., 2000), podendo este contribuir com aproximadamente 50% na variacdo do
conteido mineral 6sseo (CMO) até a idade de 65 anos (Nordstrom et al., 1995;
Mora e Gilsanz, 2003; Wu et al., 2008). Acredita-se que, ao se potencializar o acumulo de
massa 6ssea no periodo pubertdrio e a manutencdo desse tecido na vida adulta, pode-se
minimizar as reducdes com o avangar da idade, contribuindo, assim, para a preven¢do da

osteoporose.

Com isto, tem havido grande interesse na compreensdo de como o tecido 6sseo
se comporta durante o crescimento e desenvolvimento, € na identificagdo dos principais

fatores que podem influenciar no seu processo de formacao.

A massa 6ssea muda consideravelmente durante as varias fases da vida, tendo
seu inicio na vida fetal, ocorrendo um aumento acelerado nos trés primeiros anos de vida
pOs-natal, em seguida, mantém-se numa baixa velocidade de ganho até o inicio da

puberdade, quando o ritmo eleva-se novamente. Apds o término da puberdade, a velocidade
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de ganho anual de densidade mineral dssea diminui progressivamente até aproximadamente

a terceira década de vida, quando € atingido o pico de massa dssea (Silva et al., 2004).

O periodo da infincia e da adolescéncia € marcado por uma taxa de formacao
dssea muito importante, com predominio da formagdao em relacdo a reabsorcao. Na idade
adulta, ambos os processos se estabilizam, e, a partir dos 45 anos aproximadamente,
principalmente no sexo feminino, ocorre predominio da reabsor¢do Odssea

(Silva et al., 2004; Wiister et al., 2000; Maalouf et al., 2007).

A infancia e a adolescéncia sdo consideradas as fases mais importantes para
aquisicdo do pico de massa Ossea, definido como quantidade méixima de tecido 6sseo
presente ao final do periodo de maturacao esquelética de um individuo, sendo vinculado e

influenciado por fatores genéticos, hormonais e ambientais (Mora e Gilsanz, 2003).

Virios sdo os estudos avaliando os efeitos do género, da ragca e da composicao
corporal na massa 6ssea, no entanto, seus resultados ainda sdo controversos. Autores como
Carrascosa et al. (1996), Brandao et al. (1999); Fonseca et al. (2001), utilizando-se do
método DEXA (Dual Energy X Ray Absorptiometry) para avaliar o conteido e densidade
mineral 6sseos de criangas e adolescentes, ndo encontraram diferencga entre os géneros, com
exce¢do na puberdade, onde as meninas apresentaram maior massa Ossea. Outro estudo
avaliando criangas e adolescentes (Baroncelli et al., 2006), utilizando-se da ultrassonografia
de falanges, confirmaram estes achados, onde ndo foram observadas diferencas estatisticas
significativas, entre os géneros, nas faixas etdrias dos 2 aos 8 anos e dos 15 aos 21 anos de
idade, somente entre a faixa etdria dos 9 aos 14 anos as meninas apresentaram quantidade
Ossea maiores que os meninos. Diferentemente, Santos et al. (2008), avaliando a quantidade
e qualidade dssea, em 99 escolares com idades entre 6 ¢ 10 anos, demonstraram que as
meninas apresentavam melhor quantidade e similar qualidade 6ssea em relacdo aos

meninos.

Com relacdo a raca, Bachrach et al. (2007) utilizando-se do método DEXA,
verificaram que negros apresentam maior massa 0ssea em relagdo a individuos com outras
cores de pele. Em criancas ainda sdo controversos os resultados em torno das diferengas

entre brancos e negros. Alguns pesquisadores (Bell et al., 1991; Nelson et al., 1997)
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20



observaram maior massa Ossea para os negros, diferentemente de outros que nao
encontraram os mesmos resultados (Rupich et al., 1996), no entanto, nenhum deles

observou valores superiores para os brancos.

Ainda ndo sdo claras as contribuicdes da composi¢do corporal e de outras
varidveis de crescimento na massa 6ssea. Recentes estudos sugerem que em populacoes
jovens, a massa magra € um preditora de massa Ossea (Goulding et al., 2000;
Lazcano-Ponce et al., 2003), enquanto que a adiposidade estaria associada com baixa massa

Ossea e maior risco de fraturas (Goulding et al., 2000).

Nelson et al. (1997), em um estudo longitudinal, avaliando a composicdo
corporal pelo método DEXA em criangas, observaram que o peso corporal, a raca e a
interacdo destas varidveis apresentaram maior valor preditivo para o conteudo mineral
6sseo (R?=0.9) e para a densidade mineral Gssea (R’=0.64), e que a estatura, o género € a
idade explicariam apenas de 1 a 2% da massa Ossea. No estudo de Hui et al. (2003),
realizado com criangas e adolescentes de 4 a 16 anos, foi observado que a idade, o género,
os estadios puberais € o tamanho corporal juntos explicariam aproximadamente 92% da

variacdo da massa dssea.

Dessa forma, uma melhor compreensao do longo processo de maturacdo dssea
que ocorre na infancia e adolescéncia permitiria identificar os fatores passiveis de
intervengdo e a criagdo de estratégias para prevencdo precoce da osteoporose. Se o ganho
mineral 6sseo puder ser otimizado durante a puberdade, é provavel que o individuo adulto

esteja menos susceptivel a sofrer as devastadoras complica¢des das fraturas osteopordticas.

E importante ressaltar que a sadde 6ssea estd ligada ndo apenas aos indices
quantitativos de minerais depositados na camada cortical do tecido esquelético, mas
também, na qualidade da micro-estrutura relacionada ao grau de organizagdo das trabéculas
e a matriz de coldgeno disponivel na camada endostal. Em tese, a combinacdo das
propriedades forca (capacidade de resistir a tensdo) e elasticidade (capacidade de se
submeter a deformacdo), é que confere o mais adequado conceito de integridade dssea

(Wiister et al., 2000; Currey, 2001).
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Assim, uma das questdes mais debatidas em pesquisas Osseas pedidtricas,
refere-se a0 método de avaliacdo. Varios métodos, ndo invasivos, ja foram desenvolvidos
na busca de melhor avaliar o tecido dsseo. Os frequentemente utilizados e citados em
estudos cientificos baseiam-se na propriedade fisica do osso de absorver fétons. Dentre
estes, estdo a absortiometria por emissdo simples de fétons (SPA — single photon
absorptiometry), emissao simples de raios X (SXA — single X-ray absorptiometry), dupla
emissdo de fotons (DPA — dual photon absorptiometry), dupla emissdo de raios X
(DEXA - dual-energy X-ray absorptiometry), tomografia computadorizada quantitativa
(QCT - gquantitative computed tomography), tomografia computadorizada quantitativa
peritérica (pQCT — peripheral quantitative computed tomography), ressonancia magnética
quantitativa (QMR — quantitative magnetic resonance), raio X digital (DXR - digital X-ray
radiogrammetry) e a ultrassonografia quantitativa (QUS — quantitative ultrasound). Este
ultimo, diferente dos demais métodos citados acima, mede a velocidade de propagacdo e

atenuacgdo do ultra-som no o0sso, nao utilizando radiac@o ionizante.

Estes métodos, com excecdo da ultrassonografia, usam uma fonte de
radionucleotideos ou um tubo de raios X para gerar um feixe de radiacdo que € absorvido
parcialmente pelo tecido d6sseo. Um sistema detector avalia a quantidade de radiacdo
absorvida e os dados coletados sio computadorizados e comparados a referéncias
internacionais obtidos de uma populacio com densidade mineral OGsseo normal

(Gowin e Felsenberg, 1996).

Densidade € a relac@o entre peso e volume de um material e sua unidade de
medida é grama por centimetro cibico (g/cm’). No entanto, a densidade mineral dssea
(DMO) mensurada por DEXA, SPA, SXA ou DPA ¢ a relacdo entre a quantidade de
minerais, presente na area projetada de osso, ou seja, € a avaliacdo bidimensional de uma
varidvel tridimensional, empregando grama por centimetro quadrado (g/cm?) como
unidade. A QCT avalia a densidade como a verdadeira medida de volume em miligramas
por centimetro cubico (mg/cm3), no entanto, este método € pouco indicado para criangas e
mulheres em idade fértil, pois emprega altas doses de radiacdio (Kreipe, 1992;

Gowin e Felsenberg, 1996; Chan e Bishop, 2002).
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Entre todos os métodos citados, que usam radiag@o ionizante, 0 DEXA € o mais
utilizado na avaliagdo da massa Ossea em criangas, pois € rapido, de grande precisio e
utiliza quantidade baixa de radiacdo (Slosman et al., 1995; Carrascosa et al., 1996;
Horlick et al., 2004; Canhao et al., 2004). Este se baseia na atenuagdo sofrida pelos raios X
ao atravessar tecidos do corpo, de forma que os dois tipos de energia padronizados nestes
raios possibilitam diferenciar os véarios tecidos corporais, dividindo o organismo em tecido
O0sseo, conteido e densidade mineral Ossea, massa gorda e massa magra

(Lazaretti-Castro, 2004).

O contetido mineral 6sseo € a quantidade de mineral presente na extensido do
osso avaliado, por conven¢gdo em grama como unidade de medida
(Gowin e Felsenberg,1996) e dividindo esta varidvel pela drea, obtém-se a densidade
mineral §ssea em g/cmz, ou seja, uma densidade de drea, ndo volumétrica. Este € um dos
problemas na interpretacdo da densidade mineral 6ssea avaliada pela DEXA na faixa etéria
pedidtrica, pois a geometria € o tamanho do osso durante o crescimento € o
desenvolvimento variam consideravelmente. Uma vez que a drea ndo aumenta na mesma
proporcdo que o volume do osso, a densidade mineral Ossea verdadeira pode ser
superestimada em ossos grandes e subestimada em ossos pequenos (Kroger, 1996;

Chan e Bishop, 2002; Campos et al., 2003; Lazaretti-Castro, 2004).

7

Outra dificuldade na andlise da densidade mineral 6ssea pela DEXA ¢é
estabelecer um padrio de normalidade adequado, pois varidveis como estatura, peso e
estadio puberal devem ser consideradas, além da idade cronoldgica e do género. Deve-se
ressaltar ainda que, ao avaliar criancas e adolescentes pela DEXA € realizada uma
comparagdo a uma populagdo de referéncia e, uma vez que a maioria dos softwares utiliza
uma populagdo especifica quanto aos critérios raciais, isto prejudica a interpretacdao dos
resultados em criancas brasileiras, que apresentam grande miscigenacdo racial
(Brandao, 1999) e em estudos populacionais, torna-se invidvel o uso deste método, devido
ao alto custo operacional, ndo ser portétil e requerer, para populagcdes pedidtricas, o uso de

um software especifico (Hans et al.,1999).
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Neste sentido a QUS tem-se apresentado como um método que, além de avaliar
a massa, analisa também fatores da micro-arquitetura trabecular do tecido 6sseo como a
conectividade e espacamento das trabéculas. A QUS € um método isento de radiacio
ionizante, portatil, mais econdmico, quando comparado ao DEXA, tanto em termos de

custo de equipamento, quanto em termos da execuc¢ao (Lu et al., 1996; Wren et al., 2005).

Os equipamentos de ultra-som utilizam o principio de propaga¢do de ondas
que podem refletir, refratar, divergir e serem transmitidas quando o feixe atravessa
materiais de diferentes impedancias acusticas como as interfaces entre o 0sso e o tecido
mole e, com isso, parametros como velocidade do som no meio e atenuacao em banda larga
(Broadband Ultrasound Attenuation - BUA) sdo extraidos para fornecer informacdes sobre
a estrutura 0ssea. O método utiliza a energia ultra-sOnica convertida de um sinal elétrico
produzido pelos transdutores para avaliar a estrutura 6ssea de regides periféricas como o
calcaneo, o radio distal, as falanges ou a tibia. O ultra-som € uma onda mecanica com

freqii€ncia superior a 20 kHz e estd acima da freqii€éncia audivel ao ser humano.

De acordo com Wiister e Hadji (2001), desde a ultima década, tem se
solidificado no campo investigativo, o emprego da ultrassonografia, por meio dos
equipamentos, como o DBM Sonic. O método, em nosso meio, foi validado apds o crivo
rigoroso de estudos longitudinais bastante extensos e com grandes casuisticas
(Ianetta, 2006). Além disso, tem mostrado um coeficiente de variacio muito baixo

conferindo-lhe uma grande precisdo e confiabilidade na medida realizada.

O equipamento de ultrassonografia utilizado neste estudo (Figura 1) é provido
de um compasso que acopla dois transdutores (emissor e receptor) de 12 mm de diametro
cada, sendo estes de alta precisdo (+0,02 mm). O compasso € posicionado no ponto
anatomico da metéfise distal de cada uma das quatro ultimas falanges proximais (Il a V) na
mao nao-dominante, o transdutor emissor emite uma onda sonora de 1,25 MHz, que
perpassa, transversalmente, os elementos constitutivos do tecido ésseo (camada cortical,
micro-estruturas trabeculares e matriz de coldgeno), o transdutor receptor recebe o sinal e
avalia a velocidade da propagacio do som através da falange (Lu et al., 1996;

Wren et al., 2005).
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Dois parametros fundamentais resultam das medidas: a velocidade do som,
chamada de AD-SoS (Amplitude Dependent Speed of Sound) expressa em metros por
segundo (m/s), representando a velocidade de som apds percorrer os trés tipos de ossos das
falanges. Este valor € obtido de forma automadtica e representa a média dos melhores
valores de cada falange (Il V), apds 96 aquisi¢des de medida de velocidade do ultra-som,
que por transmissdo rastreiam as trabéculas do tecido dsseo. Na avaliacdo do registro
elétrico, a amplitude do sinal somente € considerada quando um minimo de valor &
atingido, denominado nivel limiar ou nivel de gatilho (Iannetta, 2006). A AD-SoS, também

denominada osteossonometria, representa a quantidade 6ssea e os resultados obtidos nessa

medida compreendem valores entre 1.650 a 2.250 m/s.

Figura 1- Equipamento DBM Sonic BP, IGEA, de 3* geracdo, e posicionamento da mao

para avaliagdo.

O outro parametro € o UBPI (Ultrasound Bone Profile Index) obtido a partir da
andlise do comportamento dos trés tipos de ossos (endostal, trabecular e cortical)
representado no perfil biofisico 6sseo (Figura 2), que também € denominado
osteossonografia, obtido apds aquisicao de 96 registros por automacdo, mediante anélise
matematica multifatorial (UBPI= - (- 0,0018*SDY - 0,0560¥*FWA - 0,1467*BTT +
3,0300) (FWA - Fast Wave Amplitude; SDy - Signal Dynamic e BTT - Bone Transmission
Time), cujo cdlculo independe do operador que manuseia o equipamento. A aplicagdo desse

indice é de vital importancia porque realiza as correlacdes entre seus parametros, que
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refletem as propriedades mecanicas do osso. Este indice tem a capacidade de refletir a
elasticidade e a homogeneidade dssea da regido, acusando a sua deterioracdo com decénios
de antecedéncia através da atenuagdo progressiva do osso, que € o primeiro a refletir as

inadequadas interferéncias dos fatores enddgenos e exdgenos (Wiister et al., 2000).
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Figura 2- Perfil Biofisico Osseo: obtido apds o ultra-som power beam cruzar as camadas
endostal, trabecular e cortical da metafise 6ssea das falanges proximais da mao,
em pacientes com qualidade e quantidade dssea normal (as setas indicam alguns

parametros passiveis de avaliacdo) (Iannetta, 2006).

O parametro FWA representa a amplitude do primeiro pico do perfil biofisico
Osseo, € expresso em mV e avalia a elasticidade 6ssea. O SDY representa a andlise
comparativa entre os dois picos do perfil biofisico dsseo, expresso em mV/;,lsec2 e avalia a
homogeneidade estrutural do tecido Osseo na regido da metéfise da falange. O pardmetro
BTT representa o arco temporal, percorrido pelo ultra-som na unidade de p seg, entre o
apice do primeiro pico e a cauda do ultimo com o cruzamento com a linha basal do registro

(Wuster, 2000; Ianetta, 2006).
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O estudo dos trés parametros do perfil 6ésseo permite analisar a elasticidade,
homogeneidade dssea e efetuar reconstrugdo digital em cortes transversais, em tempo real,
na regido da metafise distal das falanges proximais da mao (Figura 3). O método ¢é
apropriado para a avaliagdo da qualidade dssea da infancia a senilidade, em decorréncia de
possuir tanto curva de formacdo como de reabsorcdo Ossea, obtidas de forma indcua, ao

longo das faixas etdrias, (Iannetta, 2006).

BBy L e
Escala: 5 mm Escala: 5 mm

Figura 3- Cortes Sonotomograficos: na parte superior revelam propriedades mecanicas
Osseas conservadas e na parte inferior, importantes perdas tanto de elasticidade

como da homogeneidade dssea, (Iannetta, 2006).

O método de ultrassonografia de falanges para avaliacdo éssea ja tem mais de
15 anos de estudo e a partir de 2000 o equipamento DMB Sonic BP foi oferecido ao
mercado e € o Unico a avaliar simultaneamente a quantidade e qualidade em um mesmo

sitio dsseo (Iannetta, 20006).

Com o surgimento do método de ultra-som, inicialmente acreditava-se, que as
medidas Osseas avaliadas por este método, em pouco tempo, iriam substituir 0s
densitdmetros em uso, no entanto, os primeiros trabalhos exibiram uma fraca correlagdo
com densidade mineral 6ssea (medido por DEXA, SPA ou QCT), tanto em pacientes

jovens quanto em idosos.
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Sendo assim, definitivamente este método ndo mede a densidade Ossea da
mesma forma que o DEXA (g/cmz) ou QCT (g/cm3), uma vez que diferentemente dos
métodos de densitometria, as medidas obtidas sdo referentes as mudancas da velocidade e
atenuacdo que o ultra-som sofre, provocadas pela orientagdo trabecular e composi¢ao
organica do tecido 6sseo. Ao que tudo indica, a ultrassonografia de falanges nos apresenta
um resultado diferente da densidade Ossea, mas que pode ser visto como uma provavel e
nova varidvel independente, seja ela chamada de quantidade ou qualidade Ossea. Estas
novas varidveis independentes, juntamente com outras poderdao nos trazer mais subsidios
para identificarmos dentre os pacientes osteopénicos 0s que apresentam maior risco de

fratura e os que nunca experimentarao tal episédio.

Portanto, a adi¢do das informacdes da ultra-sonometria aos dados obtidos pela
densitometria dssea, talvez possa aumentar a capacidade discriminatéria entre grupos de
fraturados e ndo fraturados. Pacientes com comprometimento densitométrico e
ultra-sonométrico concomitantes parecem ter maior risco de fratura vertebral que aqueles
onde observa-se comprometimento em apenas um dos métodos (Bauer et al., 1995;

Cumming et al., 1995; Turner et al., 1995).

Outro aspecto que deve ser considerado € a existéncia no Brasil de uma grande
mistura racial, devido ao cruzamento dos indios nativos, dos colonizadores brancos
europeus e dos negros africanos, particularmente do oeste da Africa. Ndo existem estudos
populacionais em escolares no Brasil mostrando as diferengas da cor da pele na quantidade
e qualidade 6ssea. Contudo, no Brasil, um pais miscigenado por natureza tanto do ponto de
vista biolégico (racial) como étnico (sécio-cultural), ndo € facil realizar estudos avaliando
este efeito. Dois assuntos costumam ser citados como obstaculo a pesquisas com desfechos
de satde segundo o recorte racial no Brasil: a defini¢do de “raca” e as dificuldades de sua

“classificacao”.

Discussdes sobre “raga” ou ‘“grupo étnico” apresentam opinides controversas,
basta dizer que ndo ha consenso sobre o significado exato dessas. Por exemplo, a palavra
“raga” pode ser usada de muitas maneiras, uma delas € no sentido morfolégico denotando
um conjunto de caracteres fisicos (cor da pele ou textura do cabelo) que nos permite

identificar individuos como pertencentes a certo grupo racial. No Brasil, a palavra cor é
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usada como seu sindnimo nesse contexto. “Raga” pode também denotar origem em uma
regido do globo, assumindo o significado de ancestralidade geogréfica fala-se entdo de uma
raca africana, raga oriental, etc. Finalmente, raca pode ser usada em um sentido biolégico,

para caracterizar uma populacdo geneticamente diferenciada (Pena, 2005).

Quanto a classifica¢ao da raca, verifica-se a auséncia de um consenso para tal.
Diferentes métodos de classificacdo racial tém sido avaliados em estudos de saude no
Brasil e em outros paises (Fuchs et al., 1996; Boehmer et al., 2002; Fuchs et al., 2002).
Alguns autores consideram que a autoclassificacdo, comparada a categorizagdo realizada
por entrevistadores, € o método que melhor reflete a identificacdo do individuo com os
diversos grupos raciais (Kaufman et al., 1999; Boehmer et al., 2002). Outros apontam que a
melhor abordagem depende do objetivo do estudo. Assim, por exemplo, no caso de
investigagdes sobre a discriminagdo racial, observadores externos expressariam melhor a

forma como o individuo é

2003).

‘visto” pela sociedade (Williams, 2002; Kaplan e Bennett,

Diversos autores tém chamado a atengdo para o fato de que as categorias
utilizadas nos censos do IBGE (Instituto Brasileiro de Geografia e Estatistica, 2000)
(branca, preta, amarela, parda, indigena) correspondem a maior parte dos termos utilizados
pela populacio em perguntas abertas, para autoclassificacdo racial (Silva, 1988;

Silva, 1999; Chor et al., 2005).

Desta forma, o pais passou a adotar oficialmente desde 1991 a proposta feita
pelo IBGE, onde a classificacdo racial tem como diretriz, essencialmente, o fato da coleta
de dados se basear na autoclassificagdo. Ou seja, a pessoa escolhe, de um rol de cinco itens
(branco, preto, pardo, amarelo e indigena) em qual deles se aloca. Sabendo-se que raca nao
€ uma categoria bioldgica, todas as classificagdes raciais, inevitavelmente, padecerdo de

limitagdes.

O IBGE trabalha entdo com o que se chama de "quesito cor", ou seja, a "cor da
pele", conforme as seguintes categorias: branco, preto, pardo, amarelo e indigena. Indigena,
teoricamente, cabe em amarelos (populagdes de origem asidtica, historicamente catalogados

como de cor amarela), todavia, no caso brasileiro, dada a histéria de dizimagao dos povos
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indigenas, € essencial saber a dinamica demogréfica deles. Outro dado que merece destaque
€ que a populacdo negra, para a demografia, € o somatdrio de preto e pardo, segundo o

INEP (Instituto Nacional de Estudos e Pesquisas Educacionais, 2005).

Deve ficar claro, contudo, que a aceitacdo da necessidade das informagdes
sobre raca implica em admitir, a0 mesmo tempo, suas limitagdes e seu posicionamento
como eixo de constantes manobras politicas que influenciam sua coleta, interpretacdo e

publicacdo.

Diante disso, estudos populacionais envolvendo caracteristicas de crescimento e
desenvolvimento sdo importantes podendo detectar possiveis diferengas no estado de satde
e, por conseguinte, nas condicoes de vida, de integrantes de uma populacdo em comparagao
com os de outras; ou ainda, entre subgrupos dessa mesma populacdo. As variacdes intra e
interpopulacionais podem, ainda, enriquecer o conhecimento sobre o processo de
desenvolvimento da crianca e do adolescente e a relativa importancia do papel dos fatores

genéticos e ambientais.
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Objetivo geral

Avaliar a quantidade e qualidade Ossea, por meio da ultrassonografia de
falanges em escolares sauddveis, brancos e negros, em relacdo ao nivel socioecondmico e a

composi¢do corporal, e comparar a quantidade dssea com dados de estudos europeus.

Objetivos especificos

Capitulo I: “Bone mass in schoolchildren in Brazil: the effect of racial

miscegenation, pubertal stage and socioeconomic differences”.

Avaliar a massa dssea em escolares sauddveis brancos e negros em relagdo ao

nivel socioecondmico, maturacdo sexual e a composi¢ao corporal.

Capitulo II: “Bone quantity of white and black Brazilian schoolchildren

evaluated by quantitative ultrasound of phalanges: comparison with European studies”.

Comparar a quantidade 6ssea de escolares Brasileiros saudaveis brancos e

negros de seis a onze anos de idade de ambos os géneros com cinco estudos europeus.
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Abstract

The purpose of this study was to evaluate the bone mass by phalanxes
ultrasound in healthy white and black schoolchildren, in relation to socioeconomic level,
pubertal stage and body composition. It was included 1,356 healthy schoolchildren aged
from six to eleven years from different socioeconomic levels and both genders, and all of
them were divided into white and black groups. Weight, height, body mass index, fat
percentage, fat mass and lean mass were evaluated by anthropometric methods and
AD-SoS bone quantity and UBPI bone quality were evaluated using a 3" generation IGEA
phalanxes DBM Sonic BP ultrasound. Data were compared using the Mann-Whitney,
chi-squared, correlation coefficient and analyses of multiple linear regression statistical
tests with 5% significance. Black schoolchildren predominated in the low socioeconomic
levels. Higher values of weight and height for black boys and girls were observed in the
lean mass in relation to the white children of the same gender and age. An increasing
variation in the bone quantity mean was observed from six to eleven years of age and
pubertal stage for both genders and skin color. The white schoolchildren presented higher
values of bone quantity and quality in relation to the black children. The anthropometric,
gender and socioeconomic level variables explained only 16 and 11% of the variability of
bone quantity and quality, respectively. As such, the present study, carried out with healthy
black and white Brazilian schoolchildren, demonstrated higher bone mass, as evaluated by

ultrasound, in white than in black schoolchildren.

Key-words: osteosonometry, bone mass, ultrasound, phalanxes, schoolchildren.

Capitulos
35



Introduction

Childhood and adolescence are very important periods for the acquisition of
peak bone mass, defined as the maximum quantity of bone tissue present at the end of the
skeletal maturation period of an individual. Factors such as genetics, gender, hormones,
race, nutrition, life style and the environment are determinants in the definition of bone
mass and its loss after peak levels are reached, as demonstrated by the difference between

the quantity reached in the maturity and the loss that occurs with age [1].

The bone mass of individuals paired by gender and age present significant
differences, according to their race or the place where they live [2]. For example, the
average bone mass of black women is higher than that of white women, which is in turn
higher than that of Asian women. In addition, the bone mass of women from the north of
Mexico is higher than the bone mass of women from the central part and south of Mexico

[3.4].

In general, studies have shown that the mineral bone density in black people is
higher when compared to that of white people, when stratified by age not body weight
[4-9]. The etiology of these differences remains unknown, and the majority of these studies
were carried out in the USA, Europe and South Africa, while few have been carried out
exclusively with children [10,11]. These findings may be associated with a smaller
prevalence of osteoporosis in black adults, compared to other ethnic/racial groups [4,5].
Although, the bone mass in black individuals from the Caribbean is higher than that of
black Americans [9,12], this difference may be explained by the miscegenation percentage:
black Americans present approximately 25% of miscegenation with Europeans, while black

people from the Caribbean present just 6% [13].

Brazil is a country with economic, social, racial and cultural diversities, and is
also very different from the other countries where the majority of studies regarding bone
mass in children have been carried out, thus this study had the purpose of evaluating bone
mass in healthy white and black schoolchildren in relation to the socioeconomic level,

pubertal stage and body composition.
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Materials and Methods

This is a cross-sectional study with schoolchildren from six to eleven years of
age, from both genders, from the cities of Ceu Azul and Vera Cruz do Oeste in the state of
Parana. These cities are located in the western region of the state of Parana, Brazil, at nine
kilometers distance from each other and approximately 566 km from Curitiba, capital of the
state. These two cities were colonized in the 1960-70’s. A great migration of white-skinned
people from the south of Brazil to the city of Ceu Azul occurred, and all of these
individuals were Italian and German descendents coming from Rio Grande do Sul and
Santa Catarina states. In contrast, a migration of black individuals, descendants of slaves,
coming from the state of Sao Paulo and south of Minas Gerais state, occurred to the city of
Vera Cruz do Oeste, as such these two cities present inhabitants with an absolute
predominance of the skin color that colonized them, i.e. white people in Ceu Azul and

black people in Vera Cruz do Oeste [14].

The racial classification adopted by the Brazilian Government is based on the
self-declaration of skin color, i.e., the legal guardians of the schoolchildren declare them as
white, black, mulatto, yellow or indigenous [15]. From a population of 1,576
schoolchildren that returned a signed term of consent informed, authorizing the
participation in this study, 220 schoolchildren were excluded; 98 for presenting a different
skin color to those of interest in the study (yellow or indigenous); 35 for having known
chronic diseases, or for being physically deficient, or for presenting a medical history with
restrictions or for being under medication that affects the bone metabolism; and 87 with
body mass index (BMI) over +2 SD or under -2 SD for their age and gender. Thus, the final
sample for the study was made up of 1,356 schoolchildren.

The schoolchildren were weighed wearing light clothes and shoeless, using a
portable Tanita® bioelectrical impedance analysis scale and measured with a vertical
stadiometer. The BMI was obtained by the relation between the weight (Kg) and height
squared (m?). The fat percentage, fat mass and lean mass were estimated by bioelectrical
impedance analysis. To achieve uncompromised results, the parents or guardians of the

schoolchildren were informed with regard to procedures to be undertaken before the
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evaluation; not to eat or drink 4 hours before the evaluation; not to exercise 12 hours

before; and to urinate 30 minutes earlier.

Pubertal development was evaluated by self-assessment of breast stage in girls
and genital characteristic in boys, according to Marshall and Tanner standard criteria
[16,17], since children’s and adolescents’ assessment of their own pubertal stage was

accurate. Stage I was considered pre-puberty, II and III puberty and IV and V end-puberty.

The bone bi-epicondyle diameters of the humorus and femur were measured,
from which the sum of the bone diameters (> DO) was calculated [18]. In relation to age
and gender, for the calculation of the z score of the weight, height and BMI, were used the
data from National Center for Health Statistics (NCHS - CDC - 2000). With the objective
of obtaining a sample of healthy schoolchildren in relation to the nutritional state, these

data were adopted as cut points values over +2 SD or under -2 SD for age and gender.

The bone mass was evaluated by 3™ generation DBM Sonic® BP IGEA
ultrasound. This device possesses a compass that connects two 12mm-diameter transducers,
an emitter and a receptor, with a high precision of £0.02 mm. The compass is placed in the
anatomical point of the distal metaphases of each of the last four proximal phalanxes I to V
on the non-dominant hand. The emitter transducer emits a sound wave of 1.25 MHz that
transversally passes the constitutive elements of the bone tissue, while the receptor
transducer receives the signal and evaluates the speed of propagation of the sound through
the phalanx. This measurement provides the quantitative (AD-SoS = Amplitude Dependent
Speed of Sound) and qualitative parameters (UBPI = Ultrasound Bone Profile Index). The
AD-SoS and the UBPI values are obtained automatically and represent the mean of 96
acquisitions of measures. The AD-SoS evaluates the speed of the ultra-sound in m/s that,
by transmission, tracks the trabeculas of the bone tissue on the four proximal phalanxes.
The values obtained from these measures range between 1,650 to 2,250 m/s. The UBPI, by
a multi-factorial mathematics analyses process, is measured as values between zero and

one, and the closer the value is to one, the better is the bone quality [19,20].

The calibration and time stability of the device was checked daily with the
internal calibration procedure by using the Plexiglas cube provided together with the

device. A quality control was performed periodically by IGEA using a cross-calibration
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procedure between different devices against each other. Furthermore, IGEA controlled the
cross-calibration at the beginning and end of the study by measuring the AD-SoS on the
same cross-calibration phantom and the data obtained were completely superimposable. In
the case of graphic traces not triggered on the first peak a recalculation of the velocity, as

measured on the highest point of the first peak, was done [21].

The evaluation of the socioeconomic level occurred by means of a
questionnaire that was answered by the guardians of the schoolchildren, using the
Economic Classification Criteria proposed by the National Agency of Research Companies
[22]; the questionnaire evaluated the educational level of the head of the family, the
number of monthly paid housekeepers in the house and eight items of possessions, scores
achieved were divided by the sum of the scores of each answer in the high, medium,

medium-low and low socioeconomic levels.

The data were processed in the SPSS® program for Windows, version 13.0, and
the descriptive analyses were made by calculating means and standard-deviation. The
non-parametric Mann-Whitney test was used for the comparison of age variables, weight,
height, BMI, Y DO, fat percentage, fat and lean mass, AD-SoS and UBPI between the
genders and the colors of skin. For the socioeconomic level, in relation to the color of skin,
the chi-squared test was used. Pearson coefficients were calculated for the analyses of the
correlation between AD-SoS and UBPI with the anthropometrical variables and body
composition, and the Spearman correlation was used to correlate the variables of age,
gender, socioeconomic level, skin color and pubertal stage. Multiple regression analyses
were then used to determine the effects of each independent variable, weight, height, BMI,
> DO, fat percentage, fat and lean mass, age, gender, socioeconomic level, skin color and
pubertal stage on dependent variables AD-SoS and UBPI. For all the analyses, a

significance level of p<0.05 was adopted.

The project was approved by the Ethics Committee for human investigation of

the UNICAMP with the number 557/2003.
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Results

From the total of 1,356 schoolchildren evaluated, 48.7% were boys, 840 were
white (53% girls), 215 were black (48.8% girls) and 301 were mulattos (48.5% girls).

Comparing the bone quantity between the schoolchildren’s skin colors, the
black and mulatto children presented similar values (p=0.12), which differed from those of
the white schoolchildren. Bearing in mind the lower number of schoolchildren evaluated
from both genders in the black and mulatto groups in relation to the white groups of the

same age, it was decided to gather the black and mulattos in just one “black™ group.

The evaluation of the socioeconomic level, according to the color of the skin,
showed that 47.5% of the white and 20.8% of the black children were classified in the
medium and medium-high levels, while the remaining 52.5% of white and 79.2% of black
children were classified in the medium-low and low levels. When the medium-high and
medium levels were gathered in relation to the medium-low and low levels, statistically
significant difference was found between the total of white schoolchildren in relation to

black, with a predominance of black children in the medium-low and low levels

(*=102.23; p=0.0001).

In relation to pubertal stages, there were no statistically significant differences
between skin color (x*=1.997; p=0.736), but for gender, girls presented earlier maturation

in relation to boys (x*=157.43; p=0.0001).

When skin color was evaluated in schoolchildren of the same gender, a
statistically higher values were found for black boys in relation to the white boys in the
variables of z score of weight (p=0.001) and height (p=0.001) and higher values were found
for the black girls for lean mass (p=0.02; Table 1).

The mean values of AD-SoS generally demonstrated an increasing variation
from six to eleven years of age, for both genders and color of skin. The AD-SoS, for the
same gender and age, in relation to the color of skin, presented statistically significantly

higher values for white girls in relation to black girls at the ages of seven (p=0.002), nine
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(p=0.003) and eleven (p=0.03), and for white boys in relation to black boys at the ages of
six (p=0.04), eight (p=0.04 and ten (p=0.02) (Table 2).

The UBPI, for the same gender and age, in relation to the color of skin,
presented statistically significantly higher values for white girls in relation to black girls at
the ages of seven (p=0.001) and nine (p=0.01), and for white boys in relation to black boys
at the ages of seven (p=0.01) and ten (p=0.01) (Table 3).

AD-SoS and UBPI generally demonstrated an increment variation with pubertal
stage advancing, for both genders and color of skin (Pre-puberty: AD-SOS = 1,894.9+64.6,
UBPI=0.494+0.17; Puberty: AD-SOS=1,927.9+57.6, UBPI=0.55+0.17; end-puberty;
AD-SOS=1,954.6+46.1, UBPI=0.62+0.17), and these differences were always lower and
statistically significant between pre-puberty and puberty groups (p=0.001), pre-puberty and
end-puberty groups (p=0.001) and puberty and end-puberty groups (p=0.001)
(Tables 2 and 3).

The difference observed in the bone quantity and quality between black and
white children of this study were statistically significant in some age groups, in the case of
AD-SoS, the percentage differences between the means were low (females, 7-years
old = 2.05%, 9-years old = 2.05%, 11-years old = 0.97%; males, 6-years old = 2.24%,
8-years old = 1.37%, 10-years old = 1.57%); however, this did not occur for UBPI
(females, 7-years old = 22.41%, 9-years old = 15.78%; male, 7-years old = 14.28%,
10-years old = 9.61%).

All the variables analyzed presented statistically significant correlations,
however they were very low in relation to AD-SoS and to UBPI (Table 4). The multiple
regression analysis indicated a statistically significant interaction of variables that
explained, in part, the AD-SoS (R*= 0.16) and UBPI (R*= 0.11). For AD-SoS the variables
were height, >’ DO, socioeconomic level and gender and for UBPI were fat percentage,
height, > DO and socioeconomic level. These results demonstrated that the independent

variables may explain from 16 to 11% of the variability of AD-SoS and UBPI, respectively.
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Discussion

This study demonstrated higher values of weight and height for black boys and
lean mass for black girls in relation to white schoolchildren of the same gender and age.
Black schoolchildren predominated in the lower socioeconomic levels. An increasing
variation was observed from six to eleven years of age for both genders and skin color for
the AD-SoS means. But in both gender and skin color, AD-SoS and UBPI were higher
according puberty stage advancing. The white skinned children presented higher values of
AD-SoS and UBPI in relation to the black children. The analysis of multiple linear
regression showed that the independent variable explained only 16 and 11% of the

variability of AD-SoS and UBPI, respectively.

In Brazil, the Single Health System (SUS) was created in 1990, after the
approval of the new Federal Constitution in 1988, to guarantee the right for all citizens to
the free access and use of health services. However, the inequalities in the attention to
health, mainly between white and black people, still persist and are more pronounced in
relation to the state of health rather than the use of the health services, probably reflecting
the precarious conditions of life and the large economic difficulty of black individuals
[23,24]. This study also shows that black people, in Brazil, predominate in the lower
socioeconomic levels, just as in other studies in Brazil [23], and in other countries, such as

the USA [25].

Brazilians form one of the most heterogeneous populations in the world, as the
result of more than five centuries of miscegenation of people from different ethnic groups
of four continents: Americans, Europeans and Africans, and also Asians. When the
Portuguese discovered Brazil in 1500, around 2.5 million American Indians were already in
the country. The initial colonization involved almost exclusively Portuguese men, thus, the
first miscegenation occurred between European men, mainly Portuguese men, and Indian
women. Between 1500 and 1800 around half a million Portuguese men arrived in Brazil.
Since the middle of the XVI century up until 1855, around four million black Africans
came to Brazil. In 1808, the Portuguese royalty moved to Brazil and opened the ports to all

nations. Between 1820 and 1975, around six million immigrants officially arrived in Brazil;
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70% Portuguese and Italians, in equal numbers, followed by the Spanish, German, Syrian,

Lebanese and Japanese [26].

In Brazil, miscegenation is an aspect that must always be considered in racial
analyzes [27,28], therefore, since 1991 the country has officially adopted the proposal made
by the Instituto Brasileiro de Geografia e Estatistica (IBGE). This proposal advises,
essentially, that data collect should be based on self declaration, i.e., each individual
chooses from five races, white, black, mulatto, yellow and indigenous, that which he or she
feels adequate [15]. Telles [27] evaluated the proportion of people with African ancestry in
a rural community in Brazil, where the group of individuals classified as black, presented a
proportion of African ancestry of 51%, while for the mulatto the value was 44%. These
data reveal that the mulattos present greater resemblance to the African ancestry of the
black community, scientifically supporting the strategy of political mobilization used by the
black movement of Brazil, that consists in grouping black and mulatto individuals into the
black category [28]. The IBGE defines individuals who declare themselves as mulatto or
black as black [15]. Although, studies with molecular markers of African ancestry of
Brazilians, especially in the south and southeast regions, with a predominance of European
colonization, demonstrated intermediate values between white Europeans and black

Africans, suggesting that the skin color is a weak predictor of African ancestry [29,30].

Although the black individuals of this study presented a lower socioeconomic
level, higher values for weight and height were verified for black boys and black girls in the
lean mass in relation to the white schoolchildren from the same gender and age. The data in
the literature regarding the comparison of the anthropometry and body composition
between genders are variable, and depend obviously on the sexual maturation and racial,
geographic, economic and cultural diversities [31,32,33]. In the present study, it was not
observed differences between sexual maturation and skin color, probably due low number

of individuals in the groups of puberty, and mainly in the end-puberty.

The evaluation of the bone mass and mineral bone content has been greatly
used for adults as well as for children, for the diagnosis of primary or secondary bone

diseases. Recent studies have showed methodological difficulties in the accomplishment of
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these diagnoses during childhood and adolescence, as well as common interpretation

mistakes [1,19,20].

It is important to highlight that the analyses of bone mass can not be based only
on the quantitative indexes of mineral deposited in the layer curtain of the skeletal tissue,
but also on complement qualitative analysis, relative to the organization rate of the micro

trabecular structures and the collagen matrix available in the layer endostal [20,22].

The bone ultrasound method used in this study has been set in the investigative
field during the last decades [34], since it propitiates information about the bone AD-SoS
quantity and UBPI quality and presents the advantage of being portable, radiation free,
noninvasive, is easy to handle, has an internal error of reliable measurement, which varies
between 0.23 and 0.57 % [20,22]. The method uses as referential points for measurement,
the distal metaphases of the proximal phalanxes of the 2™ to the 5™ finger of the
non-dominant hand, the ideal region for the study of bone remodeling to demonstrate the
most elevated metabolic activity of the skeleton during all periods of life and a great

resemblance with the bone microstructures of the lumbar column [35].

Despite all these advantages, the epidemiological studies using this method are
still low [20,21,36,37], and they are all exclusively realized in people of Caucasian origin.
This study observed mean values of AD-SoS and UBPI for healthy schoolchildren without
apparent bone diseases of both genders between six and eleven years of age, with
increasing values with age for AD-SoS and UBPI. The white schoolchildren from both
genders presented higher AD-SoS and UBPI values than the black children.

The great majority of the studies carried out in other countries, that
demonstrated that black children presented higher bone mass than white used the
DEXA — dual-energy X-ray absorptiometry [4-11] method; this method does not evaluate
bone quality and does not evaluate the density by the bone volume, but by the area, which
can cause difficulties in the interpretation for children during higher growth periods

[38,39].
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Results regarding differences between black and white in children are
controversial in relation to bone mass. Some researchers [40,41] observe higher bone mass
for black children, in contrast to others that do not find the same results [42]; however,
none of these authors observed higher values for white children. These authors justified the
higher bone content observed for black children due to their more precocious sexual
maturation. Although the socioeconomic differences of this study did not interfere in the
analyses of the body composition between black and white children, it is known that the
ingestion of calcium, life style, physical activity practice and other aspects linked to
socioeconomic facts might interfere significantly in bone mass, these factors may have

influences bone mass in this group of schoolchildren evaluated.

Racial miscegenation may also affect bone mass. Hill et al. [9] showed that the
bone mass of Caribbean blacks was higher than that of American blacks, and explained this
difference by the miscegenation percentage [12,13]. It is possible that the differences
observed in this study for black and white Brazilian schoolchildren lies may result for this

miscegenation, as previously commented.

While it is possible to affirm that white children present higher bone quantity
and quality means in relation to black children, in some age groups, it is hard to extract a
clinical meaning from these differences. It is easier to understand that the differences that
occurred between the black and white children were very low for the AD-SoS quantity and
higher for the UBPI bone quality, than to observe the significance level of the statistic test.
It is also worth remembering that the fact that these differences were statistically significant
does not mean that the results should not be interpreted, but means that these differences
might have happened due to other factors, such as the large sample size, which allowed
small differences to be found, or factors such as the ingestion of calcium, exposure to solar
radiation and physical activity, which were not evaluated. Since this is the first study to be
utilize this method in children from different socioeconomic levels and color of skin, data
should confirmed with other similar studies in other regions of Brazil and in other

countries.
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Thus, the present study carried out with healthy black and white Brazilian
schoolchildren of between six and eleven years old of age presented higher bone mass, as
evaluated by ultrasound of phalanxes, in white children compared to black children. This
study demonstrate that QUS variables increase gradually with age, being more evident
during puberty, a reflection of the structural organization of the bone growth and
development or changes in the bone tissue content. These data may reflect the different

socioeconomic characteristics and racial miscegenation that occur in Brazil.
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Table 1- Data for age, weight, height, sum of the bone diameters, body mass index, fat

percentage, fat and lean mass, according to gender and color of skin.

Female Male

White Black White Black

Variables (n=445) (n=251) (n=395) (n=265)

M=SD M=SD M=SD M=+SD

Age in years 8.4£1.5 8.6£1.6 8.3£1.5 8.6x1.5
z Weight -0.05£0.7  -0.04+0.7  -0.12+0.8 0.09+0.8%
z Height -0.06+0.9 0.00+0.9 -0.15+0.9 0.27+1.0°

> Bone diameter in cm 16.5+1.2 16.8+1.3 17.2+1.3 17.3+1.3
z BMI -0.01+0.7 -0.04+0.7 -0.04+0.7 -0.03+0.7
Fat percentage 22.1+5.3 22.2+5.2 14.8+5.4 14.6+5.6
Fat Mass in kg 6.3£3.0 6.5+£3.2 4.4+2.4 4.34+3.9
Lean Mass in kg 21.0+4.2 21.6+4.5" 23.4+£3.9 23.2+3.9

M = mean; SD = standard-deviation;

* p <0.05: difference between color of skin: same gender; Mann-Whitney test
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Table 2- Data for AD-SoS bone quantity according to age, pubertal stages, gender and skin

color.
AD-SoS in m/s
Female Male
Age in White Black White Black
years n Mz+SD n M<£SD n M=£SD n M=£SD
6 |- 7 51 1,893.9+57.4 29 1,886.1+82.2 57 1,892.7+45.6" 24 1,850.3+£101.0
7 |- 8 87 1,909.7+61.2° 43 1,870.5£67.5 76 1,888.4+589 46  1,875.5+65.2
8 |-9 88 1,914.8443.7 47 1917.0+65.1 79 1,894.6+63.3" 57 1,868.5+78.3
9 |— 10 101 1,932.4+52.7° 34 1,892.7+66.0 71 1,914.2+59.7 36 1,903.6+52.6
10 |-11 85 1,947.2449.2 65 1,932.1£64.0 87 1,925.2+45.1* 63  1,894.9+63.9
11 |- 12 33 1,959.9+41.8" 33  1,940.7431.3 25 1,906.6+84.8 39  1,922.2+63.1
Pubertal stage
I 241 1,911.44532% 135 1,889.2+73.7% 273 1,896.1+57.4" 189 1,876.9+75.3°
II and
182 1,938.4+55.7% 99 1,925.9+54.2% 112 1,923.4+60.3" 70 1,911.1+58.7°
I
IVandV 29 1,9599+36.6 21 1,946.2+57.7 2 1,977.50£159 3 1,986.6+48.4

M= mean; SD = standard-deviation;

* p <0.05: Difference between color of skin: same gender and age; Mann-Whitney test
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Table 3- Data for UBPI bone quality according to age, pubertal stages, gender and skin

color.

UBPI

Female Male

White Black White Black

Age in years n M=£SD n M=£SD n M+SD n M=£SD

6 |—7 51 0.56+0.18 29 0.55+0.23 57 0.51+0.15 24 0.43+0.21
7 |—8 87 0.58+0.19" 43 0.45+0.19 76 0.49+£0.16° 46 0.42+0.15
8 |—9 87 0.51+0.15 47 046+£0.16 79 0.46+0.14 57 0.41+0.16
9 |-10 101 0.57+0.16* 33 0.48+0.18 71 0.52+0.15 36 0.47+0.14
10 |—11 85 0.59+0.17 65 0.54+0.18 87 0.54+0.15* 63 0.47+0.17

11 |-12 33 0.61£0.17 33 0.66+0.13 25 0.50+£0.19 39 0.52+0.17

Pubertal stage

I 241 0.55+0.17% 135 0.47+£0.19% 273 0.49+0.15* 189 0.43+0.17°
IT and III 182 0.57+0.17* 99 0.57+0.16* 112 0.53+0.16"* 70 0.50+0.17°

IV and V 29 0.64+0.14 21 0.58+0.21 2 0.65+0.18 3  0.67+0.09

M = mean; SD = standard-deviation;

* p <0.05: Difference between color of skin: same gender and age; Mann-Whitney test
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Table 4- Correlation coefficient between AD-SoS quantity and UBPI bone quality in
relation to the weight, height, sum of bone diameters Y DO, BMI, fat percentage, fat mass,

lean mass, age, gender, socioeconomic level, skin color and pubertal stage.

AD-SoS in m/s UBPI

Weight in kg 0.26° 0.18°
Height in m 0.35° 0.16°

> DO in cm 0.21° 0.08*
BMI in kg/m’ 0.07° 0.14°
Fat in percentage 0.09° 0.13°
Fat mass in kg 0.17° 0.17°
Lean mass in kg 0.29° 0.18°
Age in years 0.32° 0.13°
Gender -0.18° -0.18°
Socioeconomic level 0.14° 0.14°
Skin color 0.09° 0.17°
Pubertal stage 0,32° 0,19°

Gender: Female = 0; Male = 1; Skin color; white = 0; black = 1;

*p <0.05 Pearson and Spearman tests
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Abstract

The objective of this study was to evaluate differences in bone quantity
(AD-SoS) of healthy white and black schoolchildren, from 6 to 11 years of age of both
genders, and to compare these values with European references. Materials and Methods:
There were 1,356 children from different socioeconomic level, divided into white and black
groups, from 6 to 11 years old and both genders. They were evaluated by weight, height
and BMI. Bone quantity (AD-SoS) was evaluated by ultrasonography of the phalanges
(DBM Sonic BP, IGEA, 3™ generation). Results: The white schoolchildren, when
compared to the black, and the female gender in relation to the male, showed higher values
of AD-SoS. Comparing AD-SoS from this study to the European references, lower values
were observed for both genders and skin colors than in the Halaba study, and the values for
the female were found to be similar to other references. The values for the male
schoolchildren were similar to the values for the Baroncelli and Vignolo studies, and lower
than those of the Ballester study. In conclusion, the bone quantities of schoolchildren in
this study were higher from 6 to 11 years old for both genders and skin colors. The white
female presented higher values of bone quantity in relation to the others groups. Brazilian
schoolchildren of both genders and skin colors showed bone quantities lower than in the
Polish study, similar to the three Italian studies, and in comparison to the Spanish study, the
genders didn’t show uniform results, whereas the female had similar results and the male

had lower results.

Key words: Bone quantity, ultrasound, phalanxes, schoolchildren, ethnology.
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Introduction

Studies have shown that the acquisition of bone mass is gradual in childhood
and increases during adolescence, up to when sexual maturity is reached'?. Consequently,
close observation of bone mass in adolescents is necessary in order to evaluate the risk of

senior osteoporosis.

Several researchers adopted the premise that the group of curves in a specific
population can be satisfactorily applied to any other population of study, independently of
its genetic constitution®™*. According to these authors, well nourished children and
adolescents of different population groups seem to develop in a similar way, suggesting
therefore, that genetic factors have less influence on development than the environmental

factors. Even though this is an interesting idea, exceptions can limit its generalization.

Studies that have evaluated the levels of bone mineral among different skin
colors verified that blacks showed higher values of bone mineral density when compared to
whites and Asians, either in age as in body weight” '’ but etiology of this difference still

remains unknown.

Therefore, the objective of this study is to evaluate differences in bone quantity
in healthy white and black schoolchildren from 6 to 11 years old, of both genders, and to

compare these values with European references.

Materials and Methods

This is a cross-sectional study with schoolchildren from six to eleven years of

age, from both genders.

From a population of 1,576 schoolchildren that returned a signed term of
consent informed signed (project approved by Ethics in Research Committee of Medical
Sciences College of UNICAMP, number 557/2003), authorizing the participation in this
study, 220 schoolchildren were excluded; 98 for presenting a different skin color to those of
interest in the study (yellow or indigenous); 35 for having known chronic diseases, or for

being physically deficient, or for presenting a medical history with restrictions or for being
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under medication that affects the bone metabolism; and 87 with body mass index (BMI)
over +2 SD or under -2 SD for their age and gender. Thus, the final sample for the study

was made up of 1,356 schoolchildren.

The children were weighed in a Bio-Impedance (Tanita™) scale with range in
Kg, wearing light clothes and being barefoot. Their height was measured in vertical
stadiometer with range in cm. The Body Mass Index (BMI) was obtained by the relation
between weight (Kg) and squared height (m?).

In relation to age and gender, for the calculation of the z score of the BMI, were
used the data from National Center for Health Statistics''. To define the normality

deviations the values under -2 and over +2 of the z score were adopted as cut points.

For the measurement of the parameter the bone quantity (AD-SoS=Amplitude
Dependent of Speed Sound) used was by 3™ generation DBM Sonic” BP IGEA ultrasound.
This device possesses a compass that connects two 12mm-diameter transducers, an emitter

and a receptor, with a high precision of £0.02 mm.

The compass is placed in the anatomical point of the distal metaphases of each
of the last four proximal phalanxes II to V on the non-dominant hand. The emitter
transducer emits a sound wave of 1.25 MHz that transversally passes the constitutive
elements of the bone tissue (cortical layer, micro-structures trabeculae and collagen), while
the receptor transducer receives the signal and evaluates the speed of propagation of the

sound through the phalanx'*"?,

AD-SoS, also called ultrasonography, represents bone quantity, is obtained
automatically and represents 96 acquisitions of speed measurements of ultrasound (m/s)
that, by transmission, tracks the trabeculas of the bone tissue on the four proximal
phalanxes. The values obtained from these measures range between 1,650 to 2,250 m/s.
This parameter depends on the amplitude of the electrical signal, obtained after the
ultrasound passes through the three types of bones of the phalanges (endosteal, trabecular

and cortical). In the evaluation of the electrical register, the amplitude of the signal is only
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considered when a minimum value is reached, called the threshold level or the trigger
level'%.

The mean values of AD-SoS of this study were compared to five references

which show normative values for children and adolescents'>'® (Chart 1).

It was required for the parents or guardians to declare the skin color of their
children. All school aged children who were declared white, black or mulattos were
considered eligible to participate in this study, where black and mulattos colored skins were
combined into one group called “black”. This procedure of combining is also used by the

N . . .1
Brazilian government in demographic studies'’.

Descriptive analysis was used in the statistic treatment, in regards to the data,
with values of absolute frequency, relative, mean, standard deviation and the construction
of tables and graphs. For the comparison variable AD-SoS of the schoolchildren, of both
genders and skin colors (skin colors) in relation to the references, it was run through the
Student t test that compares two means, the reference one of them. To diminish type I errors
caused by the large number of tests run for each age, gender and skin color, the alpha value
was reduced, from p< 0.05 to p< 0.01 to identify the possible differences. To compare age,
between genders and skin colors, with variable AD-SoS, variance analysis using the

program SPSS for Windows 13.0.

Results

Were evaluated 1,356 schoolchildren from ages six to eleven, both genders with
skin colors of white, black and mulattos. From the total, 161 (11.9%) were 6 years old, 252
(18.6%) were 7 years old, 271 (20.0%) were 8 years old, 242 (17.8%) were 9 years old, 300
(22.1%) were 10 years old and 130 (9.6%) were 11 years old; 696 (51.3%) were female
and 660 (48.7%) were male; and 840 (61.9%) were white, 215 (15.9%) were black and 301
(22.2%) were mulattos. Because the smallest number of evaluated schoolchildren were in
the black group at all age levels, but mainly between 6 and 7 years old, it was decided to

gather blacks and mulattos into a single variable, now called “black”. Table 1 shows the
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values for the means and the standard deviations of the variation of the bone quantities of

the subjects of this study.

Figures 1 and 2 show mean values of AD-SoS of the schoolchildren from 6 to
11 years old, both genders and skin colors of this study and of the references. A crescent
gradient was observed for AD-SoS with the increase of age for schoolchildren of both
genders and skin colors (white: male p= 0.000; female p= 0.027 and black: male p=0.035;
female p= 0.000), the percentage values of the variations from 6 to 11 years were 1.7% and

3.9% for boys and 3.5% and 2.8% for girls of white and black skin color, respectively.

Upon comparing the means of AD-SoS of females of both skin colors to the
references, similar values were observed to the studies of Baroncelli et al'” and Ballester et
al"’, with exceptions in the 7 year old age group (p= 0.001), there were higher values for
the whites and for the 9 year olds (p= 0.001) lower values for the blacks in relation to the
two references and to the 11 year olds (p= 0.000) with the study of Ballester et al'>.

In relation to the two studies from Vignolo et al'*'"”, the means of this study
were higher for white females in the 8 year old age group (p= 0.000) and 10 year old
(p=0.001) and for blacks in the 8 year old group (p=0.005) versus the 2003 study. Lower
values were observed only in black females from the age groups of 7 (p=0.004) and 9 year
olds (p= 0.005) in relation to the 2003 study, and the 11 year olds (p=0.000) for both
studies. In relation to the Halaba'® study, the means from this study were significantly
lower, with exceptions in the 7 year old group (p= 0.032) and ten year olds (p=0.204) white

females, and for 8 year old (p= 0.065) for black females (similar values).

In Figure 2 when the means of AD-SoS for male schoolchildren of both skin
colors were compared to the references, it was observed for both skin colors, similar values
to the studies of Baroncelli et al'? and to the two studies of Vignolo et al'*", with
exceptions in the 8 year old age group (Baroncelli: whites: p=0.001 and blacks: p=0.001
and Vignolo: blacks p= 0.001) and ten year olds (Baroncelli: blacks p=0.000) the values of

this study were lower.
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In relation to the studies of Ballester et al'”, this study showed lower values for
both skin colors in the majority of the age groups (whites: 6 year olds (p=0.001), 7 year
olds (p= 0.000), 8 year olds (p=0.001), and 9 year olds (p= 0.005); blacks: 6 year olds
(p=0.005), 7 year olds (p=0.000), 8 year olds (p=0.000), 9 year olds (p=0.000) and 10 year
olds (p= 0.000), and in all age groups when compared to the Halaba'® study (p=0.000)
(Figure 2).

Discussion

Brazil may be the most racially miscegenation, because Europeans of the white
skin color, Africans of the black skin color, Asians of the yellow skin color and indigenous
peoples of Brazil participated in the process of the formation of this country. The mixing
was and continues to be intense since the beginning of colonization. The small number of
white women among the Portuguese colonizers led them to have relations with Indians and
black slaves. This mixing gave rise to other racial groups such as mulatto, which is the mix
of white and black; the caboclo or mameluco, the mix of white and Asian; the cafuzo, black
and Asian. The peoples, who came to Brazil later, besides having, in many cases, remained

. .. . 1
in closed communities, also mixed'®.

This way, miscegenation in Brazil is an aspect that must always be considered

- - . 19,20
in racial analysis ™

. For the Racial classification in demographic studies the analysis
adopted by Instituto Brasileiro de Geographia e Estatistica — IBGE has been taken as
official since 1991. This classification uses self declaration in the collection of data, that is,
the person chooses from a list five racial categories (white, black, mulattos, yellow and

indigenous peoples)'”.

In order to identify differences in bone quantity among the skin colors, it was
verified that blacks and mulattos have similarities and the differ from the whites, this way,
the strategy of combining blacks and mulattos, mentioned earlier, was also used for this
study, which combined 215 self-declared blacks with 301 self-declared mulattos, into a
single category called “blacks”.
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Studies done in other countries, using the DEXA method, observed that black
children and adolescents showed from 5% to 23% higher bone mineral density in relation to

21,22

other skin colors and that the loss of bone tissue in adults is twice as small in relation to

the whites>?2.

In children, the results around these differences are controversial, some

2223 observed more bone mass in blacks, differently than others**, however, no

researchers
study observed higher values for whites. These authors justified the higher bone content
observed in blacks by reason that black children reach puberty around one or two years
earlier compared to other skin colors, and this would be related, probably, to the increase of
bone absorption, just as well as in all variables of growth and development. Another
explanation would be in relation to bone metabolism, where blacks would have better

efficiency in absorption and retaining calcium®%.

This study observed diverging results from all the other studies in relation to
differentiation between skin colors (blacks and whites), where higher values were observed

in white schoolchildren.

The bone content is related to many factors, such as, heredity, skin color,

geographic region, life style and nutrition®°

. Even though this study didn’t evaluate food
ingestion and some chemical markers, important variables for a better comprehension of
bone metabolism™*’ , following the hypothesis that the children in this study, of black skin
color, showed low ingestion of proteins, calcium and phosphorus, essential nutrients in
growth and development, because they belong to a lower socioeconomic group than the

whites.

The exposure to the sun is determined by the body area exposed and by
geographic localization®™. Melanin being a natural protection from the sun, people with
dark skin from the same geographic location, than people with white skin, need more time

exposed to the sun to produce adequate quantities of vitamin D.

In European countries, such as Italy, Spain and Poland, that have North
latitudes farther from the equator, where the angle of sun penetration is higher in winter

allowing sun rays to penetrate the atmosphere at a more oblique angle, the cutaneous
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production of vitamin D drops significantly, and in the summer the quantity of ultraviolet

rays that reach the Earth is only sufficient to produce vitamin D during a few hours a day*’.

Even though Brazil shows incidences of ultraviolet rays more adequate for bone
health, than Spain, Italy or Poland, it was observed for both genders and skin colors, similar
values of AD-SoS to the Italian studies, lower values to the Polish study and for the

Spanish study, boys showed lower values and girls showed similar values.

Ultrasonography has been incorporated as an important tool to help in the
diagnosis of bone problems. But, for this, it is necessary to have a better understanding of
the phenomenon of ultrasonic wave propagation in bone tissue, through the establishment

of relations between several variables involved?".

Ultrasound does not measure the bone density in mass per unit of area, as in
densitometry (g/cm?), nor in mass per unit of volume, as computerized tomography (g/cm?).
In reality, what is measured is the speed of ultrasonic propagation through the bone, being
calcaneous, tibia or phalanges, wide band ultrasonic attenuation that measures the
percentage of sound waves absorbed by the body as it passes through it. These ultrasonic
standards vary according to the variation of density, structure, elasticity and other

bio-mechanical alterations of the bone>’.

This indicates that the increments in the values of AD-SoS observed in the
studies, during childhood and adolescence can be a reflection of greater density or changes

in the structural architecture of bone tissue. Baroncelli et al'?

, observed crescent variations
from 3 to 21 years old in both genders in the AD-SoS, the percentage values of these
variations were 14.8% for boys and 13.9% for girls. From 6 to 11 years old, the variations
in the AD-SoS, according to the references were between 1% to 3.4% for boys and from

2.8% to 4.6% for girls'*°.

Our study observed similar results for both genders and skin colors, where AD-
SoS increased with age, and percentage values of variations were 1.7% to 3.9% for boys

and 3.5% to 2.8% for girls of white and black skin color, respectively.
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Studies comparing AD-SoS between genders, showed similar values in the first
years of life, until the ages of 9 and 10, being higher for girls during puberty from 10 to 14

years old, differences not being observed from 15 and 16 years old and on'*"

. Being so,
schoolchildren of this study shouldn’t show differences in bone mass, however, higher
values were observed in white girls of ages 7, 8 and 11 and when combining the ages the

differences were higher for black and white girls.

The explanatory hypothesis of differences found between genders could be due
to sexual maturity, because girls, on mean, go through puberty about 1.5 to 2 years before
boys™?, being that in this phase the sexual hormones (estrogen) produced by the ovaries, are
stimulated by the follicle-stimulating hormone (FSH) and luteinizing hormone (LH)

released by the anterior part of the hypophysis, which initiates sexual maturation.

Estrogen has an important impact on skeletal mineralization, being essential in
the acquisition of bone mass during puberty. This was demonstrated by Boot et al* in a
study evaluating 295 females from 4 to 20 years old, comparing adolescence in the same
age that had showed at the onset of menstruation and regular menstrual cycles, they
themselves, had higher values of density and bone mineral volume in relation to the

adolescents that had not begun their menstrual cycles or with irregular cycles.

Even though there is the existence of some limitations in this study, such as
cross-sectional, lack of information about food habits, level of physical activity and the
non-determination of sexual maturity, these studies are important for the understanding of
the long process of bone maturation that occurs in childhood and adolescents, allowing to
identify passive factors of some intervention and to create strategies to prevent early
osteoporosis. If the gain of bone mineral could be optimized during growth and
development, it is probable that the adult would be less susceptible to suffer the

complications of osteoporosis.

These results can be used to build a database to be applied in the study of bone
mass development in children. With the application of this method of bone evaluation it is
possible to differentiate years ahead inadequacies in bone mass and evaluate in the short

term the answers to the different interventions in the accompaniment of the population
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masses, which certainly will contribute in the reduction of occurrences of osteoporosis and

fractures.

In conclusion, the bone quantities of schoolchildren in this study were higher
from 6 to 11 years old for both genders and skin colors. The white female presented higher
values of bone quantity in relation to the others groups. Brazilian schoolchildren of both
genders and skin colors showed bone quantities lower than in the Polish study, similar to
the three Italian studies, and in comparison to the Spanish study, the genders didn’t show

uniform results, whereas the female had similar results and the male had lower results.
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Chart 1- Mean values of bone quantity (AD-SoS) of references, for the ages of interest in

this study.
References Gender Age (years)
Age - Country (n)
6 7 8 9 10 11
Halaba et al M
2008 (130) - 19150 1939,0 19490 1967.0 1965,0
7-12 years - F - 19240 19350 1961,0 1954,0 1988,0
Longitudinal Poland (139)
Vignolo et al (ggg) 1898.4 1901,0 1913,9 19032 1920.6 19229
2006
3-16 years - Italy (259) 1882,1 1901,9 1901,9 1919,1 19129 1956,1
Vignolo et al (gza) 1876,3 1889,1 1897,7 19056 1912,7 1914,0
2003
3-16 years - Italy (556) 18744 1898,0 18862 1927.0 19325 19614
Balester et al M
Crose 5003 (469) 19140 19150 19200 19350 19320 19260
ti 1 - -
sectiond 6-18 years F 19140 19230 19240 19360 19550 1968.0
Spain (360)
Baroncelli et al (;zg) 18835 1891,5 19242 19259 1928.4 1949.6
2001
3-21 years — Italy (456) 1883.6 1887,5 1907 19363 1944.6 1957.5
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Table 1- Mean (M) and standard deviation (SD) of bone quantity (AD-SoS) according to

age, gender and skin color of the schoolchildren.

AD-SoS (m/s)

Female Male

Age White Black White Black
(vears) n M<+SD n M<+SD n M<+SD n M<+SD

6 |—7 51 1893,9+57,4 29 1886,1+82,2 57 1892,7+45,6 24 1850,3+101,0
7 |—8 87 1909,7+61,2 43 1870,5+67,5 76 1888,4+58,9 46 1875,5+65,2
8 |—9 88 1914,8+43,7 47 1917,0+65,1 79 1894,6+63,3 57 1868,5+78,3
9 |—10 101 1932,4+52,7 34 1892,7+66.0 71 1914,2+59,7 36 1903,6+52,6
10 |-11 85 1947,2449,2 65 1932,1+64,0 87 1925,2445,1 63 1894,9+63,9
11 |-12 33 1959,9441,8 33 1940,7£31,3 25 1906,6+84,8 39 1922,2+63,1
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Figure 1- Means of bone quantity (AD-SoS) of the female schoolchildren from 6 to 11

years old for both skin colors and of the 5 references.

Female

2000 -

1970 7 —&— Halaba et al. (2008)

1940 - —@— Vignolo et al. (2006)
g —+— Vignolo et al. (2003)
A2 1910 —X— Ballester et al. (2003)
< 1880 —=&— Baroncelli et al. (2001)

= =a= = This study (White)
1850 | = =A== This study (Black)
1820
6 7 8 9 10 11
Age
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Figure 2- Means of bone quantity (AD-SoS) of the male schoolchildren from 6 to 11 years

olds for both skin colors and of the five references.

Male
2000
1970 7 —&— Halaba et al. (2008)
1940 - —&— Vignolo et al. (2006)
g —+— Vignolo et al. (2003)
a2 1910 - —X— Ballester et al. (2003)
< 1880 —=— Baroncelli et al. (2001)
==& -- This study (White)
1850 - - -A- - This study (Black)
1820
6 7 8 9 10 11
Age
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O presente trabalho tem caracteristica impar na literatura, por apresentar dados
epidemioldgicos de escolares Brasileiros sauddveis, brancos e negros, avaliando a massa

Ossea por meio da ultrassonografia de falanges em relacdo ao género, a idade, e,

principalmente, a cor da pele.

Concluiu-se que os negros predominaram nos niveis socioecondmicos mais
baixos, em relacio a antropometria € a composicdo corporal, verificaram-se valores
superiores de peso e estatura para 0s meninos negros € massa magra para as meninas negras
em relacdo aos escolares brancos de mesmo género e idade. Na comparacdo da massa
dssea, observou-se variagdo crescente dos seis aos onze para ambos os géneros e cor da
pele na quantidade 6ssea (AD-So0S), e os escolares brancos apresentaram valores superiores

de massa dssea (AD-SoS e UBPI) em relagdo aos negros.

As varidveis antropométricas, o género e o nivel socioecondmico explicaram
apenas 17 e 11% da variabilidade de quantidade (AD-SoS) e qualidade (UBPI) 6ssea,

respectivamente.

Comparando a quantidade 6ssea (AD-SoS) deste estudo com os estudos
europeus, observou-se que os escolares de ambos os géneros e cores de pele, apresentaram
quantidade 6ssea inferior ao estudo polonés, similar aos trés estudos italianos e em relagao
ao estudo espanhol os gé€neros ndo apresentaram uniformidades, onde as meninas

apresentam similitudes e os meninos valores inferiores.

Sendo assim, estes dados podem estar refletindo as diferentes caracteristicas

socioecondmicas e de miscigenagdo racial que ocorrem no Brasil.

Conclusdo Geral
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ANEXO 1
PARECER DO COMITE DE ETICA PARA PESQUISA COM SERES HUMANOS

FACULDADE DE CIENCIAS MEDICAS
COMITE DE ETICA EM PESQUISA

1 Caixa Postal 6111, 13083-970 Campinas, SP

/= (0_19) 3788-8936

FAX (0_19) 3788-8925

@ www.fem.unicamp br/pesquisa/etica/index. html

2 cep@fem.unicamp.br

CEP, 20/01/04.
(Grupo I11)

PARECER PROJETO: N° 557/2003

I-IDENTIFICACAO:

PROJETO: “AVALIACAO DO CRESCIMENTO, COMPOSICAO CORPORAL E
PERFIL SOCIO-ECONOMICO EM CRIANCAS DE CINCO A DEZ ANOS DE IDADE
DE DIFERENTES ETNIAS”

PESQUISADOR RESPONSAVEL: Roberto Regis Ribeiro

INSTITUICAO: Municipios de Vera Cruz do Oeste e Céu Azul, PR.

APRESENTACAO AO CEP: 18/11/2003

APRESENTAR RELATORIO EM: 20/01/05

II - OBJETIVOS

Estudar crescimento, composigdo corporal e classificacio socio-econdmica de uma
populagdo de criangas de 5 a 10 anos de idade, de diferentes etnias e de ambos 0s sexos, nas
escolas publicas nos municipios de Céu Azul e Vera Cruz do Oeste, PR. Correlacionar as
variaveis de crescimento, composigdo corporal com nivel sdcio-econémico ¢ com outros estudos.

I11 - SUMARIO

Trata-se de um estudo analitico transversal realizado nas escolas publicas das cidades de
Céu Azul e Vera Cruz do Oeste que autorizarem a sua realizagdo. Estima-se que 2.366 criangas
deverdo estar matriculadas nestas escolas no ano 2004. A coleta de dados (peso, estatura,
circunferéncia braquial, pregas cutineas ¢ densidade mineral Ossea) sera feita nas escolas, em
uma tnica vez e em horario por elas determinado, por 8 estudantes de educagao fisica da
Faculdade Assis Gurgacz (Cascavel, PR) e treinados pelo pesquisador. O nivel socio-economico
sera estimado a partir de questionario especifico entregue pelas criancas aos pais e recolhido na
escola. Ha um cronograma das etapas do trabalho indicando a duragdo do estudo em 3 anos. Ha
um orgamento dos gastos previstos, com comentarios sobre a(s) fonte(s) e o empréstimo de
materiais usados no estudo.

IV - COMENTARIOS DOS RELATORES

Nesta segunda versdo, o projeto apresenta a definicio do problema, justificativa,
hipoteses, objetivos, referéncias na literatura e discussdo de aspectos éticos adequados. Os
critérios de inclusdo, exclusdo, as formas de recrutamento e demais aspectos metodologicos
estdo adequados, caracterizando um protocolo de pesquisa de acordo com as exigéncias da
Resolugdo CNS 196/96.
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V - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP, apoés
acatar os pareceres dos membros-relatores previamente designados para o presente caso €
atendendo todos os dispositivos das Resolugdes 196/96 e complementares, bem como ter
aprovado o Termo do Consentimento Livre e Esclarecido, assim como todos os anexos incluidos
na Pesquisa, resolve aprovar sem restri¢des o Protocolo de Pesquisa supracitado.

O conteiido e as conclusdes aqui apresentados sdo de responsabilidade exclusiva do
CEP/FCM/UNICAMP e nio representam a opinido da Universidade Estadual de Campinas nem
a comprometem.

VI - INFORMACOES COMPLEMENTARES

O sujeito da pesquisa tem a liberdade de rtecusar-se a participar ou de retirar seu
consentimento em qualquer fase da pesquisa, sem penalizagio alguma e sem prejuizo ao seu
cuidado (Res. CNS 196/96 — Item IV.1.1) e deve receber uma copia do Termo de Consentimento
Livre e Esclarecido, na integra, por ele assinado (Item IvV.2.d).

Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e
descontinuar o estudo somente apds andlise das razdes da descontinuidade pelo CEP que o
aprovou (Res. CNS Item III.1.2), exceto quando perceber risco ou dano nao previsto ao sujeito
participante ou quando constatar a superioridade do regime oferecido a um dos grupos de
pesquisa (Item V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o
curso normal do estudo (Res. CNS Item V.4.). E papel do pesquisador assegurar medidas
imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido em outro
centro) e enviar notificagio ao CEP e a Agéncia Nacional de Vigilancia Sanitaria — ANVISA -
junto com seu posicionamento.

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas justificativas.
Em caso de projeto do Grupo I ou II apresentados anteriormente 3 ANVISA, o pesquisador ou
patrocinador deve envia-las também a mesma junto com o parecer aprovatorio do CEP, para
serem juntadas ao protocolo inicial (Res. 251/97, Ttem I.2.e)

Relatérios parciais e final devem ser apresentados ao CEP, de acordo com o0s prazos
estabelecidos na Resolugdo CNS-MS 196/96.

VII - DATA DA REUNIAO

Homologado na I Reunido Ordinaria do CEP/FCM, em 20de janeiro de 2004.

.—’! 7 -

I AN
Profa. Dra. /C;l'l/[!\ell Silyia Bertuzzo
PRESIDENTE DO COMITE DE ETICA EM PESQUISA

TONA [ TTNEC ANAD
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ANEXO 2
CARTA DE ACEITE DO ARTIGO “BONE QUANTITY AND QUALITY IN
BRAZILIAN FEMALE SCHOOL CHILDREN AND ADOLESCENTS” ENVIADO
AO JOURNAL OF BONE MINERAL METABOLISM

————— Original Message —-———-—

From: <gilguer@fcm.unicamp.br>

To: <gileandrea@uol.com.br>

Sent: Wednesday, November 26, 2008 6:36 AM

Subject: [Fwd: JBMM: Your manuscript entitled Bone quantity and quality
in Brazilian female school children and adolescents.]

Assunto: JBMM: Your manuscript entitled Bone quantity and quality in
Brazilian female school children and adolescents.

De: "Editorial Office JBMM" <jbmm@apoplus.co.jp>
Data: Qua, Novembro 26, 2008 4:53 am

Para: gilguer@fcm.unicamp.br

Ref.: Ms. No. JBMM-D-08-00091R2

Bone quantity and quality in Brazilian female school children and
adolescents.
Journal of Bone and Mineral Metabolism

Dear Professor Guerra-Junior,

It is a pleasure to inform you that your work has now been accepted for
publication in Journal of Bone and Mineral Metabolism.

It was accepted on 24-11-2008.

Thank you for submitting your work to this journal.
With kind regards

Yoshiki Seino

Editor—-in-Chief
Journal of Bone and Mineral Metabolism

P.S.: Please cite this paper when you submit your next paper to JBMM or
any other journal.
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APENDICE 1
CARTA ENVIADA AOS DIRETORES DAS ESCOLAS

Carta de Comunicacio

Prezado (a) Senhor (a)

Estaremos realizando no decorrer deste 1° semestre de 2004, um projeto de
pesquisa sobre “Avaliacao do crescimento e composicio corporal em criancas de cinco
a dez anos de idade de diferentes etnias’’, o qual tem por finalidade avaliar o crescimento
e a composicao corporal das criancas através de medidas de peso, altura, dobras cutaneas
(% de gordura) e caracteristicas étnicas.

Este estudo faz parte de um projeto da tese de mestrado do aluno Roberto Regis
Ribeiro, através da Faculdade de Ciéncias Médicas — FCM — da Universidade Estadual de
Campinas — UNICAMP - Sao Paulo.

Para garantir a confiabilidade de nosso trabalho, os procedimentos utilizados
estardo de acordo com o0s parametros aceitos internacionalmente, os quais serao realizados
por pessoas orientadas e amplamente capacitadas.

A avaliagdo da crianca somente serd feita com prévia autorizagdo do
responsdvel, mediante apresentacio do termo de consentimento livre e esclarecido,
devidamente preenchido e assinado .

Maiores Esclarecimentos:

v’ A crianga poder4 desistir do estudo a qualquer momento;
v" O professor responsével pelas criancas estard presente durante a avalia¢do;
v Os dados serdo coletados na prépria escola, em hordrio de aula;

v A avaliagdo ndo oferecerd em hipétese alguma nenhum risco a crianga.

Qualquer duvida para questdes de esclarecimento estarei a sua inteira disposi¢ao

pelos telefones (45) 223-7495 e (45) 9107-7495.
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APENDICE 2

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Eu, declaro por livre e espontinea vontade permiti a
participacdo de (nome da crianga), com idade de __ anos data de
nascimento (__/  /19_ ) encontrando-se sobre a responsabilidade de (pai
ou responsdvel), com ___anos, cujo grau de parentesco € ___ , na pesquisa intitulada

“Avaliacao do crescimento e composicio corporal em criancas de cinco a dez anos de
idade de diferentes etnias”, sendo este, um projeto de Tese de Mestrado do aluno Roberto
Regis Ribeiro, através Faculdade de Ciéncias Médicas — FCM — da Universidade Estadual de
Campinas UNICAMP - Sao Paulo.

Gostaria de salientar que serdo realizadas simples avaliacdes como por exemplo de
peso e altura, aplicacdo de um questiondrio para avaliar o nivel s6cio-econdmico em que vive a
crianca. O questiondrio devera ser respondido pelos pais ou responsdveis pela mesma. Ressalto
ainda que esta pesquisa ndo oferece nenhum risco fisico ou moral as criancas e os demais
envolvidos.

Estou ciente que ndo receberei remuneracio em troca da participacio da crianga no
projeto, as medidas serdo realizadas na propria escola, em horario de aula em uma sala
contando com presenca do professor responsdvel pela turma. Cada crianga serd avaliada no
maximo em 15 minutos. Os dados serdo coletados por académicas do Curso de Educagdo Fisica
da Faculdade Assis Gurgacz (FAG), buscando nio oferecer nenhum constrangimento para as
criangas.

Vale ressaltar que a crianca poderd abandonar a pesquisa a qualquer momento,
sem sofrer qualquer penalidade ou prejuizo, e ainda, o nome da crianga e os seus dados
serdo somente utilizados para os fins do conhecimento cientifico, mantendo-os no mais
absoluto sigilo.Para qualquer divida ou esclarecimento sobre os procedimentos da pesquisa
podem ser obtidas com o pesquisador pelos telefones (45__ ) 223-7495 e (45__) 9107-7495,

dentincias ou queixas podem ser feitas a qualquer tempo pelo telefone do Comité de Etica

em Pesquisa (CEP) (0__19) 3788-8936 ou pelo e-mail: cep@fcm.unicamp.br.
De acordo, responsavel pela crianca:

Cascavel, de de 2004.
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APENDICE 3

Questionario para Classificacao Socio-Economica e Caracterizacao Etnica do Escolar

1 Nome da crianca: Data de nascimento:__/__/

2 Colocar o grau de instru¢do do pai da crianca que foi avaliada:
() analfabeto/primédrio incompleto

() primdrio completo/gindsio incompleto
() gindsio completo/superior completo
() 2 grau completo/superior incompleto

() superior completo

3 Colocar o grau de instru¢do da mae da criancga que foi avaliada:
() analfabeto/primério incompleto

() primdrio completo/gindsio incompleto
() gindsio completo/superior completo
() 2 grau completo/superior incompleto

() superior completo

4 Senhores pais, por favor, marquem com um X a quantidade dos itens abaixo que

existem na sua casa:

Aparelho de Videocassete ................. (H)O(HL()H)2()3( )4 ()5( )6 oumais
Miquina de Lavar Roupa .................. (H)O(HL()H)2()H3( )4 ()5( )6 oumais
Geladeira.........ccooeeveeiieenieeieeeen, ()O(HL(H2(C)3()4()5( )6 oumais
Aspirador de pd .......eeevvuveernieennieennns ()O(HL()2()H3( )4 ()5( )6 oumais
[OF: 15 (o DU ()O(HL()H)2()H)3( )4 ()5( )6 oumais
TV €M COTES ..oovvvvvveeeeeeeieiiiieeeeeeennn (H)O(H1()H)2()H3( )4 ()5( )6 oumais
Banheiro ........ooovvvvvveevveiiiiiiiiiiiiiiiiiian, (HO(HT(H2()3()H)4()5( )6 oumais
Empregada Mensalista....................... ()O(HL()2()3( )4 ()5( )6 oumais
RAdIO (8) vvevvereeenieeieeieneeieeeeeeee ()O(C)HI()H2()H3( ) ()5( )6 oumais
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Dados dos Pais e Avés da Crianca

Nome Pai:

Local de Nascimento:

Descendente de:

Portugueses ( ) Alemaes ( )

Italianos () Africanos ()

Nao sabe () Outros () Qual?
Nome Mae:

Local de Nascimento:

Descendente de:

Portugueses () Alemaes ( )
Italianos () Africanos ( )
Naosabe ( ) Outros () Qual?

Avo paterno (pai do pai)
Descendente de:

Portugueses () Alemiaes ( )
Italianos () Africanos ()
Naosabe () Outros () Qual?

Avé paterna (mae do pai)
Descendente de:

Portugueses ( ) Alemaes ( )
Italianos () Africanos ( )
Naosabe () Outros () Qual?

Avo materno (pai da mae)
Descendente de:

Portugueses () Alemaes ( )
Italianos () Africanos ()
Naosabe () Outros () Qual?

Avo materna (mae da mae)
Descendente de:

Portugueses () Alemaes ( )

Italianos () Africanos ( )

Néaosabe () Outros () Qual?
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APENDICE 4
FICHA DE AVALIACAO

DADOS DA ESCOLA
Data da avaliacdo:___/___/

Nome:
Telefone: Bairro:
Cidade: ( ) Céu Azul () Vera Cruz do Oeste Zona: ( )Urbana ( ) Rural
DADOS DA CRIANCA
Nome: Série:
Local de Nasc.: Data de Nascimento: / /
Idade em anos: Sexo: () Feminino () Masculino

Cor: ( ) Branco () Preto () Pardo/Mulato () Amarelo () Indigena
MEDIDAS ANTROPOMETRICAS

Peso (Kg): Massa Magra (Kg): Massa Gorda (Kg):
(%) de Gordura: Total de Agua Corporal (L): IMC:
Altura Tronco-Cefilica (cm): Altura (cm):
DOBRAS
Triceps: Subescapular: Abdom. Vertical: Pant. Medial:
PERIMETROS
Braco: Cintura: Quadril:

DIAMETRO OSSEO

Biestiloide: Biepicondiliano do Fémur: Biepicondiliano do Umero:___
DENSIDADE OSSEA

1° Dedo Indicador 2° Dedo Médio 3° Dedo Anular 4° Dedo Minimo

AUTO- AVALIACAO DA MATURACAO SEXUAL

Meninas: M: Meninos: G: P:

OBS: (HISTORICO MEDICO)
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APENDICE 5
AUTORIZACAO DAS ESCOLAS PARA REALIZACAO DO ESTUDO

Deciaracdo das Escolas Municipais de Céu Azul
Data: 10/11/2003

Eu diretor (a), declaro para os devidos fins que, Roberto Regis Ribeiro,
solicitou perante esta escola autorizacdo para realizar a coleta de dados de sua
tese de mestrado intitulada “AVALIACAO DO CRESCIMENTO, COMPOSICAO
CORPORAL E PERFIL SOCIO-ECONOMICO EM CRIANCAS DE CINCO A DEZ
ANOS DE IDADE DE DIFERENTES ETNIAS’. Visto que este declara conhecer e
cumprir os requisitos da Resolugdo CNS 196/96 e suas complementares.
Comprometendo-se a utilizar os materiais e dados coletados exclusivamente
para os fins previstos no protocolo e a publicar os resultados sejam eles favoraveis
ou no. Aceitando as responsabilidades pela condugéo cientifica do projeto.

Sendo assim, autorizo sua execugao.

/

Escola Rural Municipal José Bonifacio Cargo toos o .

-/} ‘ N
Nome /,j{- VP id L I/'-",",..é-" 2L

ASSInatura )'Q( Ll dide {{-‘; L Z 2328

Escola Municipal Olavo Bilac

Noitise = et . sl
7

Cargo_ Qinedore,

Assinatura S elma Szobi

/ o
/ S
Escola Municipal Tancredo Neves

Resol N°0912092
Cargo

Assinatura

Nome @MWL %‘bw)ﬂ«’,vu\ f{aZuSwC

Escola Municipal S&o Cristovao

Nome

Cargo_pjBefpRrRA

Assinatura (\:

Hean! F: 10 ERTSPERRAY
SHTBUIUYAV AV LV

Escola Municipal Ledncio Correia

Nome

Cargo D FECTA KR

Assinatura

CEMEI! Sao Francisco de Assis
SAIONARAD. RIEGER

Nome DIRETORA

Cargo__Dieetoen

/"_— ‘*‘\
Assinatura /: e e

RESOLICAONS 13/2001

\\.\_ ______,,/(. //
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Declaragdo das Escolas Municipais de Vera Cruz do Qesie
Data: 10/11/2003

Eu diretor (a), declaro para os devidos fins que, Roberto Regis Ribeiro,
solicitou perante esta escola autorizac&o para realizar a coleta de dados de sua
tese de mestrado intitulada “AVALIACAO DO CRESCIMENTO, COMPOSICAO
CORPORAL E PERFIL SOCIO-ECONOMICO EM CRIANCAS DE CINCO A DEZ
ANOS DE IDADE DE DIFERENTES ETNIAS”. Visto que este declara conhecer e
cumprir os requisitos da Resolucéo CNS 196/96 e suas complementares.
Comprometendo-se a utilizar 0s materiais € dados coletados exclusivamente
para os fins previstos no protocolo e a publicar os resultados sejam eles favoraveis
ou ndo. Aceitando as responsabilidades pela condugao cientifica do projeto.

Sendo assim, autorizo sua execucao.

Escola Rural Municipal Menino Jesus Cargo »/;(»/)/ﬁ,mggL%A/

% ) A )
Nomé J il mm,w e Assinatura 7 eree

Escola Rural Municipal Castelo Branco Cargo // M[ / 74

Vs

. s g / s ) 7
Nome_7/ sz dp Al Searc Assinatura WM 527/'
7

Escola Municipal Jardim América Cargo J'\A relpres

Nome_({lowe. de kﬂt,,r@ (plrine. Assinatura J_Q};@ no &  ' ’;
'Vr;,_.{&_ﬁ,,;;‘ Poru e T

Escola Municipal Gerado B. Chaves " Cargo

12001 - DIRETOR
D.O.E. 30/01/0

Escola Municipal Atilio Camelosse Cargo L&mﬁ.{gﬁu L\,w’x:

Nome ! ZC(UT\U, ﬂ ﬂ “K;uﬁ \f%m\\im,%ssmatura ){'&lf‘vv q&w

Centro de Educag:ao Infantli Pequeno Principe Cargo

Nome /é’ﬁ// & A/ S AEnE Gl 7 Assinatura

i\

. ™ N7 o
Nomellduld VB Wliiassd (b Assinatura /J’/‘?‘AW
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