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Fundamentacao e organizacao dos varios
métodos de avaliagcao da composicao corporal
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(Atomico) Wang et al., 1992. Am J Clin Nutr




'2 Ferramentas de medidas da composicao
4 corporal por niveis

Nivel Mais atuais | Outros métodos

=Ativacdo de Néutrons =Contagem de K*¥ de corpo total
Atomico =Marcadores por dilui¢do

=Bioimpedancia e ADP =Pesagem hidrostatica
Molecular 7\ =Marcadores por dilui¢io e por

=Modelos Multi-compartimentais gas
Celular =Bioimpedancia espectral =Marcadores por diluigdo

=Tomografia Axial Computadorizada =Ultra-sonografia

Sistema
Tecidual

=Ressonancia Nuclear Magnética =Excrec¢ao de creatinina

=Excrec¢ao de 3-metil-histidina

o] M|l =Modelos multicompartimentais =Antropometria

(Adaptado de Heymsfield et al., 1997)



Avaliacdo da Composicdo Corporal

| Dlssecagé}o Macroscopica |
Ou extragao lipidica |

* Estudos animais (cadaver)

 Pesagem hidrostatica, pletismografia, hidrometria,

| etOS espectrometria, tomografia computadorizada, avaliagao
I nd I ' de néutrons, ultra-som, DXA
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. ctancia de raios In A
|c;rgg(rje:rtividade elétrica, antropometria
impedéncia



PROCEDIMENTOS DIRETOS

Dlssecag:ao Macroscoplca
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PROCEDIMENTOS INDIRETOS

Pesagem Hidrostatica

. ;ﬂ,
Principio de
Arquimedes

Dc = Mc/Vc



Avaliacdo da Composicdo Corporal

« Adequada com referenciais mais proximos da
realidade da sua populacao

* O mais preciso e exato possivel
* Custo x beneficio justificaveis

* Do avaliador e determinacao do erro




ACSM Body Composition (% Body Fat) For Men and Women

Male AGE
Fitness Category 20-29 30-39 40-49 50-59 60+
Essential Fat 2-5 2-5 2-5 2-5 2-5
Excellent 7.1-9.3 11.3-13.8| 13.6-16.2 | 15.3-17.8 | 15.3-18.3
Good 9.4-14 139-17.4| 16.3-19.5( 17.9-21.2 | 18.4-21.9
Average 14.1-17.5| 17.5-20.4| 19.6-22.4 | 21.3-24 22 -25
Below Average | 17.4-22.5(20.5-24.1| 22.5-26 | 24.1-27.4| 25-28.4
Poor >22.4 >24.2 >26.1 >27.5 >28.5
Female AGE
Fitness Category 20-29 30-39 40-49 50-59 60+
Essential Fat 10-13 10-13 10-13 10-13 10-13
Excellent 145-17 | 155-179| 18.5-21.2( 21.6-24.9 | 21.1-25
Good 17.1-20.5| 18-21.5 | 21.3-24.8( 25-28.4 | 25.1-29.2
Average 20.6-23.6 | 21.6-24.8| 24.9-28 | 28.,5-31.,5| 29.3-32.4
Below Average | 23.7-27.6|24.9-29.2| 28.1-32 | 31.6-35.5| 32.5-36.5
Poor >27.7 >29.3 >32.1 >35.6 >36.6

Taken from ACSM’S Health-Related Physical Fitness Assessment Manual, 2ndEd. 2008. pg 59.

Classificacdo

a partir do
percentual de
gordura

What is a ‘normal’ % body fat?

high)

Classification Males Females
Unhealthy range <5% < 8%
(too low)
Acceptable range 6-15% 9-23%
(lower end)
Acceptable range 16-24% 24-31%
(higher end)
Unhealthy (too >25% >32%

® Nieman, 1999 (p195)
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Antropometria

(Morfologia de superficie)

Dobras cutaneas

Perimetros




Protocolo de Avaliagao
das Dobras Cutaneas

As medicoes devem ser efetuadas do lado direito

Destacar a pele e o tecido subcutaneo adjacente

Para destacar a dobra, os 2 dedos devem estar a 8
cm (usar como referéncia o tamanho do indicador)

Polegar e indicador a 1cm do local da medicao




Protocolo de Avaliacao
das Dobras Cutaneas (cont.)

Aguardar =3 segundos antes de fazer
a leitura no adipometro

Efetuar 3 medicoes em cada local e
regitrar a mediana

Se a diferenca entre 2 medigoes > 5%
— efetuar novas medicoes

Medicoes alternadas (rotacional) €
melhor para permitir recuperacao da
espessura e textura da pele




Dobra Tricipital

* Meia distancia (posterior)
entre a projecao externa
do acromio e o olécrano

e dobra vertical




Dobra Subescapular

Encontrar o bordo mais interno e
inferior da omoplata e marcar o ponto

Marcar a linha obliqua sobre a linha
de clivagem natural da propria pele

O ponto vai servir de orientacao para
a marcacao da linha vertical e
horizontal sobre a linha de clivagem

A dobra é destacada obliquamente
numa inclinacao de +/-45°




Dobra Peitoral
Segundo Lohman et al. (1988)

* Na linha axilar anterior (homens e mulheres)

* Deve estar alinhada com o mamilo
* dobra obliqua

Segundo Jackson & Pollock (1978)

« ', da distancia entre a linha axilar anterior e 0
mamilo (nos homens)

* 1/3 da distancia entre a linha axilar anterior e o
mamilo (nas mulheres)

Nota - deve ser destacada antes do inicio da mama




Dobra Supra-iliaca

Encontrar a crista iliaca

Marcar linha horizontal
paralela a linha de clivagem

Marcar linha vertical na
continuacao da linha axilar
média (mas perpendicular a
linha horizontal)

Dobra obliqua



Dobra Axilar Média

Marcar linha vertical na
continuacao da linha axilar media

Marcar linha horizontal a nivel do
plano do apéndice xifoide

Essa linha horizontal deve Cruzar
com a linha vertical ja identificada

Dobra horizontal (de acordo com
Lohman et al. (1988)

Dobra vertical (de acordo com
Jackson & Pollack (1985)
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Dobra Abdominal

Segundo Lohman et al. (1988)

3 cm para a direita e 1 cm abaixo do
ponto médio do umbigo

dobra horizontal

Segundo Jackson & Pollock(1985)

2 cm para a direita do umbigo
Dobra vertical




Dobra Coxa

(‘

Sujeito sentado para a
marcacao do local da medicao -
meia-distancia entre o sulco
inguinal e o inicio da patela

Em pé o sujeito deve apoiar o
corpo sobre a outra perna
relaxando a que vai ser avaliada

Dobra vertical Coxa proximal

Coxa medial

Proximal — medial - distal

Coxa distal



Dobra Panturrilha

* Medicao na zona de maior
volume da perna

* Parte interna e média

* Dobra vertical




Solugoes para Adultos Normoponderais
ou com Sobrepeso

Homens (18-61 anos):

> 3Dobras

(r=0,905;EPE=0,008g/cm?3; * 3,6%MG)

Ab(v)

DensCorp(g/cm?3) =1,1093800-0,0008267*(>. 3Dobras)+0,0000016*(2. 3Dobras)?-0,0002574 *(ldade)

%MG = [(4,95 / DensCorp) - 4,50] * 100 (Siri, 1961) Jackson & Pollock, 1978, Br J Nutr

Mulheres (18-55 anos):

‘ by

> 3Dobras =
(r=0,84;EPE=0,009g/cm?3; * 3,9%MG)

DensCorp(g/cm3) =1,0994921-0,0009929*(TR+SI+CX) + 0,0000023 (TR+SI+CX)2-0,0001392*(Idade)

%MG = [(5,01 / DensCorp) - 4,57] * 100 (Lohman, 1986) Jackson et al., 1980, Med Sci Sports Exerc



Solucoes para Adultos

(formula desenvolvida a partir de um modelo a 4C)

Homens (18-56 anos):

2. 4Dobras = R=0,78;EPE=4,6%MG)

%MG= 20,94878 + (Idade* 0,1166)- Estatura,cm* 0,11666 + (Tri+Cx+Sup+Sub)*0,42696 —(Cx+Supil+Sub+Tric)?
*0,00159

(R=0,84;EPE= 5%MG)

%MG = 22,18945 + (Id* 0,06368)+IMC*0,60404- Estatura,cm* 0,14520 + (Tric+Cx+Sup+Sub)*0,30919
- (Tric+Cx+Sup+Sub)?*0,00099562

Peterson et al., 2003 Am J Clin Nutr



Solucoes Praticas - Criancgas

Utilizacao das equacoes de Slaughter e al. (1988), desenvolvidas a partir de um
modelo a 4C com base na avaliacao de Dobras Cutaneas:

Z 2 Dobras =

Mocas:
%MG = 0,610%(Z Dobras:Tricipital+Panturrilha)+5,1

(r=0,88; SEE=3,80%)

Rapazes:

%MG = 0,735%(Z Dobras:Tricipital+Panturrilha)+1,0
(r=0,88; SEE=3,80%)

Slaughter et al. , Hum Biol, 60, 709-723, 1988



Solucoes Praticas - Criancgas

>2DC =
(r=0,88; SEE=3,80%)

Mocas:

%MG = 0,546 (Tric+Sub)+9,7 (22 >35 mm)

%MG = 1,332 (Tric+Sub)-0,013 (X Tric+Sub)?-2,5 (22 <35 mm)
Rapazes:
%MG = 0,783 (Tric+Sub)+1,6 (X >35 mm)
%MG = 1,213 (Tric+Sub)-0,008 (XTric+Sub)?- | * (X <35 mm)

* 1 = Prepub (Cauc=1,7; Black=3,5)
Pub (Cauc=3,4; Black=5,2)

PosPub (Cauc=5,5; Black=6,8) Slaughter et al. 1988, Hum Biol, 60, 709-723



Solugoes Praticas - Criancas & Adolescentes

Research Article
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The aim of this study was to propose and cross-validate an anthropometric model for the simultaneous estimation of fat mass
(FM), bone mineral content (BMC), and lean soft tissue (LST) using DXA as the reference method. A total of 408 boys (8-
18 years) were included in this sample. Whole-body FM, BMC, and LST were measured by DXA and considered as dependent
variables. Independent variables included thirty-two anthropometrics measurements and maturity offset determined by the
Mirwald equation. From a multivariate regression model (Y, =, %, 1y421)Pm + »&,,)» @ matrix analysis was performed resulting
in a multicomponent anthropometric model. The cross-validation was executed through the sum of squares of residuals (PRESS)
method. Five anthropometric variables predicted simultaneously FM, BMC, and LST. Cross-validation parameters indicated that
the new model is accurate with high RE’R]{SS values ranging from 0.94 to 0.98 and standard error of estimate ranging from 0.01 to
0.09. The newly proposed model represents an alternative to accurately assess the body composition in male pediatric ages.

Machado et al. 2013, J Obesity, ID 428135, 8 pages



Solugoes Praticas - Criancas & Adolescentes

d FM = — 0.0857 Height + 0.3139 weight +0.1970 SkSi + 0.2350 SkHab — 0.6571 PHYV, (r*=0,98; SEE = 1,66 kg)
BMC = 0.0032 Height + 0.0392 weight — 0.0095 SkSi — 0.0105 SkHab + 0.0525 PHV, (r’=0,99; SEE = 0,19 kg)

LST = 0.0820 Height + 0.6419 weight — 0.1964 SkSi —0.2321 SkHab + 0.7047 PHV, (= 0,99; SEE = 1,75 kg)

TABLE 5: A worked example for predicting fat mass (FM), bone mineral content (BMC), and lean soft tissue (LST) for a boy.

Variables Measures FM Product BMC Product LST Product
Height (cm) 148.3 —0.0857 —12.71 0.0032 .48 0.0820 12.16
Weight (kg) 40.0 0.3139 12.56 0.0392 1.57 0.6419 25.68
Skinfolds (mm)

Sk suprailiac 18.7 0.1970 3.68 —0.0095 —(.18 —0.1964 —3.67

Sk horiz. abdom 20.0 0.2350 4.70 —0.0105 —0.21 —-0.2321 —4.64
Maturation (years)

PHV —1.6 —0.6571 1.05 0.0525 —0.08 0.7047 —1.13
Total (kg) Sum (FM) =9.28 Sum (BMC) = 1.57 Sum (LST) = 28.40

EM: fat mass, BMC: bone mineral content; LST: lean soft tissue; Sk: skinfold; PHV: age for peak height velocity. Against original values measured by DXA (FM
=9.30; BMC = L50; LST = 28.50).

Machado et al. 2013, J Obesity, ID 428135, 8 pages



Solugoes Praticas - Criancas & Adolescentes

Machado et al. BMC Sports Science, Medicine and Rehabilitation (2017) 9:23 .
DOI 10.1186/513102-017-0088-7 o BMC Sports S.qerlce'f
Medicine and Rehabilitation

CrossMark

Anthropometric multicompartmental model ®
to predict body composition In Brazilian
girls

Dalmo Machado'”, Analiza Silva®, Luis Gobbo®, Paula Elias*, Francisco J. A. de Paula® and Nilo Ramos®

Abstract

Background: Anthropometric models remain appropriate alternatives to estimate body composition of peripubertal
populations. However, these traditional models do not consider other body components that undergo major changes
during peripubertal growth spurt, with restrictions to a multicompartimental approach as a quantitative growth. DXA
has great potential to determine pediatric body composition in more than one component (3-C), but has limited use
in field settings. Thus, the aim of this study was to propose and validate an anthropometric model for simultaneous
estimation of lean soft tissue (LST), bone mineral content (BMC) and fat mass (FM) in healthy girls, from a multivariate
approach of densitometric technique, as the criterion method.

Methods: A sample of 84 Brazilian girls (7-17 years) was defined by chronological age and maturity offset. Whole total
and regional DXA body scan were performed and, the components were defined (LST, BMC and FM) and considered
as dependent variables. Twenty-one anthropometric measures were recorded as independent variables. From a
multivariate regression, an anthropometric multicompartmental model was obtained.

Results: It was possible to predict DXA body components with only four predictive measurements: body weight (BW);
supra-iliac skinfold (SiSk); horizontal abdominal skinfold (HaSk) and contracted arm circumference (CaCi) with high
coefficients of determination and low estimation errors (LST = 0.6662657 BW - 0. 2157279 SiSk - 02069373 HaSk +
03411678 CaCi - 1.8504187; BMC = 0.0222185 BW - 0.1001097 SiSk - 00064539 HaSk - 0.0084785 CaC + 0.3733974
and FM = 03645630 BW + 0.1000325 SiSk - 0.2888978 HaSk - 0.4752146 CaCi + 2.8461916). The cross-validation was
confirmed through the sum of squares of residuals (PRESS) method, presenting accurate coefficients (Q3pees from 0.81
to 0.93) and reduced error reliability (Spress from 0.01 to 0.30).

Conclusions: When sophisticated instruments are not available, this model provides valid estimates of
multicompartmental body composition of girls in healthy Brazilian pediatric populations.




Solugoes Praticas - Criancas & Adolescentes

LST =0.6662657 BW - 0. 2157279 Si1Sk - 0.2069373 HaSk + 0.3411678 CaCi1 - 1.8504187 (r?=0,94; SEE = 2,04 kg)
BMC =0.0222185 BW - 0.1001097 SiSk - 0.0064539 HaSk - 0.0084785 CaCi+ 0.3733974
FM =0.3645630 BW + 0.1000325 S1Sk - 0.2888978 HaSk - 0.4752146 CaCi1 + 2.8461916

RT=BW - (LST + BMC + FM)

(2= 0,86; SEE = 0,10 kg)

(2= 0,91; SEE = 2,23 kg)

Where: LST = lean soft tissue; BMC = bone mineral content; FM = fat mass; RT = residual fissue;
BW = body weight (kg); SiSk = supra-iliac skinfold {mm); HaSk = horizontal abdominal skinfold

(mm); CaCi = contracted arm circumference (cm).

B LST (kg) B BMC (kg) B FM (kg) F num. p (»F) Pillai Sig.
Cross-validation (=) VIF Eigenvalue
PRESS 329.300 0.809 392.852 7.282 89.000
QZprEss 0.9272 0.8112 0.8872
Spress 0.2718 0.0142 0.2966

LST = lean soft tissue; BMC = bone mineral content; FM = fat mass; Sig. = 0,000 ***; 0,001 **; 0,05 *; 5iSk = supra-
iliac skinfold: HaSk = horizontal abdominal skinfold; CaCi = confracted arm circumference: r2 = coefficient of
determination (observed and cross-predicted): ri(adj) = adjusted coefficient of determination: 5EE = residual
standard error of estimate; PRESS = sum of squares of residuals; (eress = press coefficient of determination: SEEpgess
= press standard error of estimate; VIF = variance inflation factor: Eigenvalue = characteristic values of regression.

Machado et al. 2017, BMC Sports Sci Med Rehabil




Calculo da %MG — Homens atletas
(18-29 anos)

Formula 7 Dobras (para homens):

Peitoral + Abdominal(vertical) + Coxa + Suprailiaca + Subescapular +
Tricipital + Axilar Média (vertical) (r=0,84:EPE=0,009g/cm3; +3,9%MG)

Dc(g/ecm?’) = 1,112 - 0,00043499 * (3. 7Dobras) + 0,00000055 * (3 7Dobras)? -
0,00028826 * (Idade)

%MG=[(4,95/Dc)-4,501*100 (siri, 1961)

Jackson & Pollock, 1978, Med Sci Sport Exerc



Calculo da %MG — Mulheres Atletas
(18 — 29 anos)

Formula 4 Dobras (para mulheres):

Tricipital + Suprailiaca + Abdominal(vertical) + Coxa
(r=0,89;EPE=0,008g/cm3; *3,69%0MG)

Dc(g/cm?) = 1.096095 - 0,0006952 * (3. 4Dobras) + 0,0000011 * (X, 4Dobras)? -
0,0000714 * (Idade)

%MG=[(5,01/Dc)-4,571*100 (siri, 1961)

Jackson et al., 1980, Br J Nutr



Calculo da %MG — Atletas
(18-34 anos)

Equacao desenvolvida com base num modelo a 4C como
metodo de referéncia:

Formula 3 Dobras Cutaneas (DC):
Abdominal(horizontal)+Tricipital+Coxa

%MG= 8,997+ 0,24658x(3DC)-6,343x(Sexo)- 1,998x (Etnia)
r=0,80; EPE=3,66%

Sexo: 0=mulher, 1=homem;
Etnia: 0=Cauc; 1=Negro

Evans et al. 2005. Med Sci Sports Exerc



Solugoes Praticas - Idosos

Mulheres:

%MG = 0,439*PerimeroCintura+0,221*Idade-9,4 (r=0,84;EPE=4,7%)
g/f

Homens:

%MG = 0,567*PerimetroCintura+0,101*ldade-31,8 (r=0,88; EPE=4,1%)

Lean e al. 1996, Am J Clin Nutr



Solucoes Praticas - Obesos

'Homens (24-68 anos): (r=0,54; EPE=2,88%)
%MG=0,31457 x (PerAbd)-0,10969 x Peso+10,8336

’Mulheres (20-60 anos): (r=0,76; EPE=2,9%)
%MG=0,11077x(PerAbd)-0,17666xEstatura(cm)+0,14354xPeso+51,03301

Perimetro Abdominal Perimetro Abdominal
AB1- Medido na meia AB2-Medido ao nivel do
distancia entre apéndice umbigo
xifoide e umbigo

PerAbd (cm) = Média da
circunferéncia "Weltman et al 1987, Hum Biol

abdominal =(AB1+AB2)/2 2Weltman et al 1987, Am J Clin Nutr




Massa corporal esperada

Massa Corporal..... = Massa magra (k) / (1 - %G

Gordura,,.uia = (Massa corporal x %G, ) / 100) ISEulslk

Massa corporal= 80 kg
Gordura ., = (80 x 20) / 100) = 16 kg

0A)Gatual = 20%

Massa magra = Massa corporal - Gordura,,..,ts
Massa magra = 80 — 16 = 64 kg

Gordura,p. s = 16 kg

Massa magra = 64 kg




Massa corporal esperada

Massa Corporal,,,, = Massa magra (kg) / (1 - %G, '\59/9

(1—-(0,15) = 0,85
Massa corporal,.,= 64 / 0,85 = 75,3 kg Massa corporal= 80 kg

0A)Gatual = 20%
Gord. Absol.= 16 kg

Massa Magra = 64 kg

Massa corporal,,...., = Massa corporal,, ., — Massa corporal,

Massa corporal,,...s,.= 80 - 75,3 = 4,7 kg

Prescricao para emagrecimento = 4,7 kg de gordura l




Massa corporal esperada

Exemplo:
Massa corporal = 80 kg
%G = 20%
Gord. Absol.= 16 kg
Massa Magra = 64 kg

Massa corporal, ., = 75,3 kg

Prescricao para emagrecimento = 4,7 kg de gordura |

'd

4 a
<

9/0






