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Abslract The rllrrl'SC o( this .<tuJy was to ,lSSeS~ Ihe prediu;)billr\, or 

I 
hoJy (arnes, as determined hI' three ,el',lr:lte ;'rproache,. (I) hody demlry 

(rom hyJrost;ltic weir,:hing an,1 (unctiol1al residu,d volulTle al"ne (PFD): (2} 
"ody den,,'y ;md w;Her (PFDW); (3) h"dy den"ry, ",;lter 'md hone mlner,,1 

(PFD\VR). Bonc mineral W;1" estunated (rum radius :mel IIlna ll1ca'urement5 

! l"ing phot"n :1h,o[rti"ll1Cuy, ,In,1 t"t,d hody w:ner was ('<;(lIn,lIcd lISlng 

delll<'TlIllll oxide dilllrtlin. Nine ,kln(,,\d, ,",'ere taken ",id) a "l:lTrcndcn 
:!( 

c:dil'cr. A 4 X 2 x 2 (;lcc"ri,d [,Ian \\':1' lI'l'd rCI'le'Cnllng (our 1n,Hllr,n1(1I1
 

'~: gnHlrs (h'l,nl on .<('cllnd,lry 'n: char;\l'lcri"ric') l1\,dl" and klll,dd., H,Kk
 
,mel wllllc slIhjecrs, The ':1 11\ pic c"n",,,'d o( )) 0 ,,"'jCl" l h "dren and adlllt~
 

!j; 

i 
~ ranging In agc (rom &-29 yC;lrs. In rhc I'rl'pllhe,ccllt 'lild puhesc(,Tlt gr'lllr~ 

n{ chlldrell, .'y'fClll'll ic III {{crcnce.' were (lIllld :lIllllng tI1erh"d" \l'irh the PrD 
'lillne pr(lJucing highcr mcan den,ily "allie, th,'n the "ther t\l'O e'flm:n('.'. 

!~ 
Con,ran" were (Itred hI' the !c",t ,ql/ares mcch"d in a ~rcl' dlmn 

Inuitipic regre~silln "nal\,~i, to Je,CJllline \\'h ich ",kin("ld mC,l'"retllents most 

~ccur;lrely prcJictcJ PFDW13. The ~Y'lcl1latlc e[{ects o{ raei,d group, ~cx, 

and maturation were also included in the ,'n;1I,.,i" The Rl and SEE (wm 

sum o( triceps and eal( and Will or triccp' <1nd lal( "-lu<lred rlus dcslgn 

~ \'ariablc~ in prepuhescent grollp \\'cre .Il1h.<t:m'i:llly I"wcr (or e8ch ,,( the 

:~ three PFD esrimates compared to the other threc group" \X/hen PI' estimate 
'r \\'a" determined {rom PFLJWB rather th"n PFD ;llone the Rl increased (roml 
j, 62% w 77% and the SEE droI'P(~J {rom 4,5 to 3,9'){" lending sur port «) the 

concert thRr constants used to estimate {'It in ,1dulrs tend ro overe~tirnare 

hody fatness in children, ClIrvtlinear l'qll,Hions (or the rrediction o{ I'FD­~ 
WB ,lre prc,cntcJ (or trice{'s :\nd ",h<c.ll'ullir ~k!n(olch ,mel lincnr equations 

(or rricers and e;d( skinfolds taking inro ;T(Cllllnt the c{(ecrs o( 1n,Ill/rarton

1 level, rRce anJ sex. These equation> IllRy prOVide l!)(Irc ~ccur,l(e estimates u( 

I'F rhRn those currently avail~hle, since rhey t~ke Into con"Jer;uion the lI'e 

of a multlcornponent Approach ttl hody eOlOp",in"n :lnd account (or rhe 
chemical immaturity ,,( children, 
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The accurare esrimation or body (~tnes$ (roln skin(olds in children and youth is 
limited by several prohlems which h"ve nor heen ~del.jUiltely resolved (Lohman 
et at. 1984h; Lohman 1986; Boile~ll et ill. )985; B<)i1eau et ill. 1988; Mukherjee 
and Roche 1984; Forbes 1972, 1978). First, there ilre several groups or children 
(or which equations have been developed (Pilrizkova 1961 a; Young er "I. 1968; 
Lohman et al. 1984h; Harsha er "I. 1978; Boi I('ilu et ill. 1981, 1985). These 
equations, however, have not heen cross-v<llid<lted on other s<lmples of children 
such as those who are ohese or highly <lctive, or children at different Inilturil­
tiona I levels. A second prohlem limiting the accurare estimation of body filtness 
from skinfnlds is that children are chemicilily immnture, which means that 
equations developed on prepubescent children ",hich u~e conver~ion C()f)~rilnts 

derived (tom adult samples m"y overestilllilre hKiy (nmess hy 3-6% (;It and 
underesrimate lean body weight (Lnhmiln er:11. 1984b). 

A third cornplicflrion which occurs Il1 estimating rhe hody (,lf1leSS of 
children ;md youth is that there is a chil!lge in rhe chemic;l1 composirion o( the 
(at·free hody (FFB) as the child p,lsses thr(1ugh !'llhCrly. Thus, esrimiltes o( body 
(ilmess may reflecr rhe changing Fi-B Cllll1!'<lsiri(111 rather rh:lIl change in act\l;ll 
(ar cOll(ent. An example of rhis rroblcin c;ln he seen from the <bta presenled hy 
Harsha et al. (1978). Equ<lrions based on il 6 to 16 year old populntion nre 
applicable to neither the 6 to 9 year old nor to rhe 14 to J 6 yC<lr old populntions. 
To solve this di(ficulty, estimates o( body (atness need to be developed using a 
multicomponent approach to hody composirion mensurement rather than the 
traditional two-component model. 

The purpose of this study WilS to ilssess the predictilbiliry o( hody fatness CIS 
determined by rhree sep;Hare apprnilches: (I) hody density from hydrosraric 
weighing and (unctional residual volume <llone (Dli (2) hody density ilnd water 
(DW); and (3) body densiry, water "nd hone mineral (DWB). The hypothesis 
for	 the study was that improved estimates of percent fat can be achieved in 
children and youth when total body water and hone minerill in <ldditio!1 to body 
density, are raken into accounr. 

Material5. and Methods 

The 310 suhjects in this study included (our mntur<ltion groups o( hlack 
and whire males and (emales amnged in 4 x 2 x 2 (actorin] plan. The study W<lS 
conducted in Illinois (182) and replicated in Arizona (128). There were sixty­
six prepubescent children (50 hoys and 16 girls); fifry.nine pubescent children 
(30 boys and 29 (emales); 117 postpubescent (58 males and 59 females); and 68 
adult.~ (36 males and 32 (emales). The m<lturational level o( the subjects was 

!:I 
assessed by the Tanner Scale (1962) of puberral srage development to classify 
each subject as prepubescent (stages 1 and 2), pubescent (st;lge 3), posrpuhes­

Rcent (stages 4 and 5) or :-Idult (srage 6 ;md higher). The Illinois s;\mple (IL) W;\S 
~ 
~, , 
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recruited (roll) two senior high schools, two junior high schools and se"er<ll 
elementary schools, (rom pnrticip;lnts in <l Srorts Fitness Program, and (rom the 
University ()( Illinois. The Arizona s;lmrle (AZ) ' ....as recruited from elemenrary, 
junior high and senior high schools o( rwo school di.micrs as well as the Univer­
siry of Arizon;l. The project wns arprnved by hoth rhe University o( Illinois <lnd 
Unive~ity o( Arizol1;l Insriturional Revlcw J)'):lrd~, ,md ;\ written informed 
consent was obtained (or each subject nnd from rhe gU;lrdian of each minor child 
prior rn participation. The srudy has been previously descrihed (Slaughter et al. 
1984; Boi Icau et al. 1984; Lohman et <II. 1984a). 

!Xldy densiry was mensured by underw;lrer weighing with the hody volume 
estiI1l;\re (rom lInderw<lrer weight correcred (or rulmonilry residu<ll volume 
(I3Clileau et al. 1981). For rhe Illinois sample resiJual volume was derermineJ ar 
the time of underwater weighing; (or the Arizona S;1111r1e re~iJual volume was 
derermincd on I;\nd. The Ji((erences hctlwcn mC:lns (or body density hetween 
Arizonil and Illinois IVilS .003 glec (or ,111 groups wlrh Ariwn:1 havin.g higher 
hody Jen~ilY values ill illl G1Ses. In spire p( the grtlilp IllC:11l differences herween 
rhe rwo S<lJ1lplcs rhe pnrrcrn of ch~ltlge in the rcl;lti()ll~hip o( skin(old to hody 
density bctweell lIlilturiltiOIl levels wa~ Si1l1l1:1r. Therefore the dMil (or bmh 
s;llnple~ Wefe comhined (or (ulllre <lnillysis. 

Body warer WilS measureJ by deuteri llm ox ide Jd lIfion llsi ng a mCld ific<l tion 
o( the merhod o( Byers (1979) and descrihed hy !3oi!e;1u et al. (1984). Bone 
mineral measurements were made on both rhe right ;1nd le(t radius and ulna 
using photon ahsorptiometry (Cameron and Soreil~(ln 1963) a Norland Cam­
eron Bone Miner;11 Analyzer as de~crihed hy Lohman er :-II. (1984a). 

Nine skin(old mea~lIrelllentS (triceps, biceps, slIhscapula, rnidaxillar)', SUo 

prailiac, anterior suprnili;1c, ahdOlllin~1, mid-d1igh nnd medi81 c;llf) were taken 
on the right side o( the body hya Harpenden cilliper ~nd recorded to the nearesr 
0.1 mm. Three complete sets of measurement were tilken conseclltively. The 
rneiln of the three measurements W;lS used nS the rerresentiltive value (or each 
site. The specific sites are descrihed hy SI;\ughrer er al: (1984). The equarions 
used (or the prediction o( percent body (<It were: 

(I)	 PFD (Siri, 1961) = [(4.95/I3D) - 4.501 x 100
 
where BD = hody density (g/cc)
 

(2)	 PFDW (modificarion o(Siri, 1961) = 

[(2.057/130) - .800 (PWI3WT) - 1.2861 x 100 
where PWBWT = Total Body Wnrer (L)!Body Wei~hr (kg) 

(3)	 PFDWB(I3oileauetill., 1985) = 
[(2.747/80) - .727 (PWBWT) + 1.146 x MW - 2.053J x 100 

where MW = Toral Body Mined (kg)lI3ody Weight (kg) 
Totnl B()dy Minernl = Mineral Content of F:1t-Free Body x 
Fat·Free Body Weight, 

and Mineral Content of FFI3 = 2.1 x R;,diu.' Bone Mineral + 4.05 
nnd FFB = Body Wcil!ht - (f'i-nWB X Body WCI~ht) 
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The development and deriviltiol1 ()( tl'lese formulas are descrihed hy I)o,leflu et 
al. (1985) and Lohm<ln (1986). 

Constants were fitted hy the leilst-squilres method in a multiple rer:ression 
analysis to detetmine which skinfold measures IlHlSt accur<ltely predicted PF from 
each of the three approaches, The systemaric effeCt of rilciill group, sex, matura­
tion and sample was also included in the analysis (design variables). The reCom­
mended equations for the prediction of PFDWB from triceps and suhscapular 
,kinfoids were cross-validated on samples from the literature to test for external 
validity. 

Results 

The physical characteristio of suhJects in rhis sample (Table 1) arc similar 
to those found in the literature for children of equivalent ages (Pari~b)\'a 1961a; 
1961b; Boileau et al. 1981; Y(llll1g ct:11. 1968); for youth (Pari~kO\';l 196]a; 
Young et aL 1968; Katch and Michael 1969); and for adults (Wilmore and 
Behnke 1969; 1970; Lohman et al. 1978; Katch and McArdle 1973). 

The sum of triceps and subsc;lpular skinfolds (mm) are also reported in 
Table 1. For the 8-1 ] year old males, the mean triceps and subscapular measure­
ments were 1 to 3 mm larger at a gil'en age than the data from a National Health 
Survey (Johnston et al. 1972; 19(4). For other age groups of males and females 
rhe mean of the sum of triceps and suhscapular was w;thin I mm of the National 
Health Survey for each age group. 

The PFD (percent fat from hody density), rhe PFDW (percent fat from 
body density and water) and PFDWB (percent fat from density, water and bone) 
for each of the maturational groups are presented in Table 2. In the prepubes­
cent male group, the PFD was 23.5, 20.4 PFDW and 19.0 PFDWB. In the 
pubescent male group rhe PFD was 20,7, comp;lred to 18.6, PFDW, and 17.3 
PFDWB. In the pubescent female group, PFD was 27.9, 24.8 PFDW and 23.7 
PFDWB. In the posrpuhescent and adult groups the three estimates of percent 
fat for both males and females were fOllnd to he quite similar, suggesting that rhe 
FFB composition h3d sr:1bilized (Boile<lu et al. 1985; Lohll1iln et fll. 1984b). 

Constants were fitted by the least squares meL hod in a step down multiple 
regressic,n analysis to determine which skinfold measurements most accurately 
predicted PFD, PFDW, and PFDWB (Table 3). The systematic effects of racial 
group, s'~x, and maturation Were also included in the flnalysis (design vari;lhles}. 
In general twO skinfolds were satisfactory in predicting body fatness. 

The coefficients of determination and standard errors of estimflte from the 
sum of \riceps and calf and the sum of rriceps <lnd calf squared plus the desiiin 
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Table 2. Means and Standard De"iaticms of Percent Fat 

By Maturational Groupings 

(N=310) 

I'ercclll Fur 
1'('),'C111 Fat [rom OCll~j,y 

Percclll Fot [mill DCTlsity!> W(llCT and 

Mafltrar;onal 
[mill Ocn<iry" il1ld WillCT B"ll(' MillcmJ' 

Lcwl Scx X S/) X SI) X SD 

Prcpuhescent M;dL' 2U 7.4 204 H 2 190 H.I 
N = M (SO) 

fL'lll<lIL' 27.8 S.4 24.4 (1.8 2U (l. () 

(16) 
Pubescent Male 20.7 8.4 !ii.() 7.2 17.3 7.3 

N	 == 59 (30) 
Female n9 7.1 24.S ().S 23 7 6.8 

(29) 
Posrpubcscent Male 14.7 6.4 15. I ().4 14,0 6 2 

N	 == 117 (58) 
Female 25.4 5.8 24.7 6. J 23.6 6.0 

(59) 
Adult Male 158 6.4 172 7.8 16.4 7.4 

N	 = 68 (36) 
Female 27.0 6.1 27. 2 64 26.2 6.4 

(32) 

'PFD = 1(4.95/BO) - 4.501 x 100 
bPPFDW = 1(2.057/BD) - .800 lPWBWT) - 1.2861 x 100 
<PFDWB = 1(2.747/BO) - .727 (PWBWT) + 1.146BMW - 2.050>1 x 100 

estimates of PF compared to the orher three maturational groupings. However, 

when the PF estimate was determined from DWB rather than 0 alone the 

amount of variance accounted for increased from 62% to 77%. In addition, rhe 

SEE drorred from 4.5 to 3.9%. The same findings were seen for the sum of 

tricers and subscapular esrimates. 

In the pubescem group, the tricers and calf combination yielded a coeffi­

cients of determination of 72% for pm alone with a SEE of 4.5%; and a 

coefficient of determination of 80% for rhe PFDWB with a SEE of 3.4%. For the 

triceps and subscapular combination, the coefficient of determination for the 

estimate of PFD was 74%, with a SEE of 4. 3%; and for the PFDWB, 82% with a 

SEE of 3. 2%. In borh the postpuhescent and adult groups the estim;\tes of PF 

from the three methods were similar. 
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Prediction of Percent Fat Using Three Different Approaches from Sum ofTable 3. 
Two Skinfolds" 

Towl 
I'rc/)UbCSCCIiI 1'1IlJc.lccnl l'o.lllnlhc.ICL'll r AJI</t Sample 
~'~ ---- _.. -'--- --- -- --- ------- ---­

InJe[)CnJclll De[)CnJenl R2x SEE Rlx SEE R2\ SEE Wx SEE R2x SEE 

Sum Triceps + PFD,1 62 4.5 72 4.5 RI 3.5 82 3.6 77 3.9 

Clt( phiS design rFDW< 77 3.9 77 36 74 40 77 4.2 75 40 
3.7 79 3.9 78 38V;lTl;lh!es''''- PFDWBf 77 3\1 80 3.4 77 

Sum Tl'1ceps + pro·' 66 4.3 74 4.1 74 4. ) il2 3.5 75 U 

Sllhsc,lp,,1.1t plus PFDW" HO 1.7 HO 3.4 73 4.1 77 4.2 76 4.0 
design v;)riahlt'~h PFDWG" HO 1.6 H2 U 7(1 1.H HO 3.8 78 3.7 

"N = 66 prl'pllhc~ccnl, 59 puhe~cen1, 117 pustpuhescent .1Ilel 68 "dult 
hOe,ign vanahles mcl"Je: mat"rali"n (Iinc"r, qllaJr;uic "nd c"he. 'ex. mce anJ sample) 
'Also slim o( trice[1~ + c.,I( sqllared wa" inclllJed in Ih~ an.dysts. 

.rpm = 1(4.95/BD) - 4.501 x 100 
"pmw = [(Z.OS7/BDl - .800 (PWBWT) - 1.2861 x 100 
'Pf'D\v13 = 1(2 (471130) - .727 (PW13WT) + 1.146 MW - 2.05031 x 100 

Another method of studying whether the relationship between skinfolds 

and percent fat improves when bone and water are taken into account is·to 

examine the F ratios of the regression coefficients for the design variables of 

sample, sex, race, sex X race, and maturation (linear, quadratic and cubic 

effects) in addition to the sum of skinfolds for each of (he methods of estimating 

percent fat (Table 4). When the slim of triceps and udf skinfolds are used ro 

predict PFD, six of the regression coefficients (besides skinfolds) are significant 

(sample, sex, sex X race, and the three effects of maturation). However, when 

estimating PFDWB, only two of the regression coefficients in addition to skin­

folds remain significant. When the sum uf triceps and sub~capular skinfolds are 

used to predict PFD, all seven of the regression coefficients (besides skinfolds) 

are significant (sample, sex, race, sex X race, and the three effects of matura­

tion). Again, when estimating PFDW13, only four of the regression coefficients 

other than the two skinfold sites rem<lin slgnifjcant~ 
The effect of maturation on the ch;\nge in the skinfold-nody fat rela­

tionship was found to be larger for males than females (Table 5). The difference 

of 3% fat (DWB) between the prepubescent male and the adult male contrasted 

with rhe I % fat (DWB) difference for females for a given ttlceps plus sunscapulat 

thickness. Because of the smaller sample size in the prepuhescent female group, 

the change in the skin fold to percent fat relationship was not as precisely 

estimated for females as for males. For the triceps and calf combination a 1% 
change over maruration groups was found, with PF for a given skinfold lower in 

I 

L 
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Table 4. Prediction of Percent Fat from Sum of Two Skinfolds and Design 
Variables" 

['FlY I'Ff)\vIl·1 I'F0\>/1J<' 

r Triceps L Tr;ce/>s + ~ T,;t"c(l.I L Tnt"c/), + L Trscc/)s L Tricc/).' + 
+ Calf Stlhsca/mlLlr + Cul( SJlh"'I/)I{ILlr + Culf SlI},St"(lpli/ar 
(mm; (mm; (lIlm; (111m; (mm) (mm) 

Sunl ()( rwo 54.5' ~ 7(-,.'-r 35.0' 102T 42.0' 117.1 • 
~kinrl)I"~ 

Sum ~qunred 6.6 IH. l' .(, 25.4 ' 1.0 29.0' 
Mntur'ltion. 27.7' 1'\4.2' .1 17.2' 1.1 13.4 ' 

linenr 
M;,turarinn, 9.2 ' 5.7" 'J.t!' 6.5' 114 ' 7.6 ' 

quad 
Maturcttiol1, 5.5' 5. I . .9 .7 1.1 .9 

cubic 
Sex 15.5' 41'1.9' 14 11'\.1 ' 1.4 20.1 • 
Race .2 12. Y' .15 ILl.9' .0 )2. 3' 
Sex x Race 10.2 ' 5 4 . 2.6 .3 4.2' .8 
Sample 9.3 • 184 ' .16 6 .01 2.0 

"N = 310 
~·p<.05 

<PFD = ((4.95/80) - 4 50J x 100 
dPfDW = ((2.057/BD) - 4.501 x 100 
'PfDW8 - [(2.747/BD) - .727 (PW8WT) + i /46 (MW) - 2.0503) x 100 

the pubescent and postpuf:>escent groups rhan in rhe prepuf:>escent and adult
 
groups. Because differences among maturation groups were small, it was unnec­

essal)' to have separate equations for c<lch ll18turation<l1 group (Table 6).
 

The relation of sum of skinfolds to PFDWB was not signific<lntly affected 
by racial group, except for males when triceps and suf:>scapular was used. For a 
given skinfold thickness, black m:11es are 1.9% less fat rh;1n white males (Table 
5). For females using both cllrnbin;ltiol)s llf skinfolds, and for rhe triceps plus calf 
comf:-ination for males no significant differences hetween racial groups were 
found and bec<luse the difference was less than 1% herween groups. no adjust­
ments were rn<lde for race in the equ:1t;oIlS in T;lhle 6. 

Based on the results of Tahles 4 and 5, qu;)draric cljllations for [he predic­
tion of PFDWB are provided' for niceps and suhscapular skinfolds. ::lnd linear 
equarions for triceps <lnd calf skinfolds and rhese equ;)tions arc found in Tahle 6. 
No change in intercept is needed for children or young adults because sm<lll 
differences in maturation were found for triceps and calf in both sexes <lnd for 
triceps and subscapular in females. For males, the sum of rriceps <lnd suhscapular 

Tuh/e 5. Adjmled Me<lns for Percent Fat 
(DWI3) Holding Skinfolds Const<ll1t Within Sex, 
Race and Maturation 

2; TTicc/>~ /JIl<.l L TTice/>s /)!us 
SubscuplI~Ir""~ Coif 

GTlJ1l/) 
- ­

_.­ _.. ­ _._. 

[J/ock W'/lite 131'lck Mile 

Mail'S 
Prepu besccn t 
Pubescenr 
Postpuhcsccnr 
Adulr 

16.9 
15.3 
13 4 
13.9 

IS.S 
17.1 
15.3 
15.1'\ 

16./ 
14.9 
14.7 
17.0 

16.8 
156 
154 
17.7 

ferrwb 
Pre pu bcsce n t 
Puhescent 
Postpubcscc nt 
Adulr 

24 5 
23. 5 
22.5 
23.5 

25.6 
24.5 
23.5 
24.6 

24.9 
24.5 
24.0 
25.9 

23.9 
23.5 
23.0 
24.9 

'Sign,(;c.Jnl er(CCl~ ,,( r:lCC \\';1' ("und "nly ("r m"I,·., wilh ,he 
,riceps + ~\Inscapular C()lllbJrlalion,. p = < 05 
I'Sigru(jc;lnr c((cct of m<1tllfaliDn W~l';;' (')llnd V,llh#lll grotlr ;:.nJ 

fill nlHh ~kJnrolJ comhin,{i"m: p ~ < .05 

Table 6. Recommended Equations for Prediction of PF 
from Sum of Two Skinfolds 

RegTession RegTes~ion 

Skinfolds Coefficients Caef[tciem.1 
(mm; (1 2) (12)2 In(erce/1t"·~ SEE. PFD\l?B 

Triceps and Subscapular'
 
Males 1.21 -.008 I h 3.6
 
Females l. 33 -.013 -2.5 3.9
 

Triceps <1nd C<11f (mm)
 
Males .735 1.0 3.8
 
Fem<1les .610 5. I 3.8
 

·'AII inrcrccpls were tncrca.,eJ in all grclLLP~ hy 1.4% hC<;<1u«' o( lower me,n f,,,dy demit)' (.003 ~/cd
 

in rhis \'<1!iJar;on "ample <lS comp:lreJ to hoJy Jensities ,Jjust,·" to the smTle a~e <lnJ sktn(olds of
 
other children and ynutb (Harsh<l et al.. 1978; [}"ilc,u et al.. 1981; Mukherjee & Roche, 1984 ,nd
 
lu~sicr and Bu,ktrk. 1977.
 
of ntercept in males v,ries {or mannari"n level anJ raci<11 ~r""p a, f"lI"ws: F", f,lack males: prepur;".
 
cent - 3. 5; pubescent - S. 2; postpuf,esfcnt and aJult - 6.8. For ",hlte m,le" prep"nescent. - 1.7;
 
puf,cscent. - 3.4; pmt[1uhescenr "nJ "dulr, -. 5.5.
 
'[qu<1tilm' arc lincar (or Slim of ,km("lds greater (han 35 mm ~ (or malc<, PFOWB = .783 (nicer"
 
+ suf"c<1pu[ar) + 1.6. For {emales, PFDW8 = .546 (lflCCpS + ,,,h,c'puhr) + 9.7. 
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retationship with PFDWB does vary with maturation, and rhis is shown in rhe 

footnote of Table 6. 
All intercepts in Tahle 6 were increflsed by 1.4% hec;luse of the lower 

body density in the rresenr s;lml'lc as comrared to the me;ln of four other 
samples in the literature. In these s;lIl1l'les when age and skinfolds (triceps ilnd 

subscapular) were held constilnt, a density difference of .003% W;lS found. For 

example, a skinfold thickness of 18 mr1l for 10 year old m<lles corresponds to a 

density of 1.050 glcc in rhe other 'flmrles as comrared ro 1.047 glcc in the 

present samrle. 

Discussion 

Recent studies hilve shown the need to ex;nllme the arplic<ltion of present 
body comrosition rechniqdes to the estim<ltion ~l hody filtness in children and 
youth (Boileau et al. 1985; Lohman 1986; Boileilu et al. 1988). For the mosr 

part, estimates of percent fat h<lve been based on the assumption that the young 
child is near chemical marurity and rh;lt the const<lnrs develored for adults llsing 

the two-component system (Lohman 1986) can be aprlied to children. 
Slaughter et al. (1984) found that significant changes (p < .05) in the 

relation of skinfolds ro density occur from rrepuheseenee to puhescence and 
from pubescence to posrpubescence. These results have important impliGltions 

for estimating body fatness in children from anth ropomerry-density rela­

tionships, since adult anrhropometric equarions underestimate the body density 
of children and thus overestimate body farness. 

To study this problem further, PF was estimated using three approaches: 
from density alone (PFD), from density and warer (PFDW) and from density, 

water and bone (PFDWB). In the prepubescent and pubescent groups of chil­
dren, systematic differences were found among methods, with the PF from 

density alone producing higher values (Tahle 2). This f<lct lends supr0rt to the 
concept that constants llsed to esrimate f<lt in adults tend ro overestim;lte body 

fatness in children. The PFDWB esril1l;ltes in the rosrrubescent ;JI1d adulr 
groups are quire similar, indicating thM rhe FFB m<lY h;we arproached chemic<J[ 

marurity. Also. in rhe prepubescent and pubescent groups, PF estimated from 

density. warer and hone c<ln he more closely predicred from skinfolds than PF 
from density alone. In the postpubescent and adult groups, the amount of 

variance accounted for is similar for all rhree methods. 
This study attempts to correct for rhree major problems evident in rast 

research which have used anthropomerric dimensions to rrovide esrimates of 

body fatness in children and youth. These problems are outlined in a recent 

review by Lohman (1986). When rhe PFD is estimated, six out of the seven of 

the design variables are significant [II1;1[llrnrion (linear, qu,Hir;ltic and cubic), 
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sex, sex X race and sample] in addirion to the sum of tricers and calf skinfold. 

When rriceps <lnd subsc<lpular skinfolds me llsed to predicr PFO all seven design 
variahles !milturarion (line<lr, quadratic ;lnd cuhic), sex, race, sex X race. and 
s;lmplej are signific<lnt along with the skinfolds. However, when estimating 

PFDWB. only two of the design variables temain significant when using triceps 

;lnd calf, comr<lred ro four from triceps and subscapuhr. In addition, the amount 

of vari<lnce accounred {or is incrensed and rhe SEE is decreased (TClble 3). These 

restilts strongly suggest rhM changes in the densiry of the far-free body (FFBd) 

<lIter the <lpr<lrent relation of percent far to sk infolds. When cbanges in rhe fat­
free body density nre ilccmmted for hy esriJTl;lting PFDWS, the effecrs of matura­

tion ilnd racial groups are reduced (Table 3). 
The recommended equarlons {or rredicring percenr fat from skinfold equa­

tions for children find yourh Illny proVide more accurate esrim;Jtes of PF rhan 
rhose currently available (Tilble 6), since they take inro wnsiderati()n rhe use of 

a lI1ulricomponent aprroach ro body composition and account for rhe chemical 
immarurity of children. The skinf(lld equations shown helow are recommended 

for predicting body fat in children 8-18 years of <lge and they arc as follows: 

For Triceps and Calf 

Males: PFOWB = .735 (triceps + calr) + 1.0 

Females: PFOWB = .610 (triceps + calf) + 5.1 

For Triceps and Subscapular 

Prepubescent While Males: 

(tricers + subscapul<Jr)i'..1.7 
Prepubescent Black Males: 
(triceps + SUbscClpular)2 - 3.2 

Pubescent White Males: 
(triceps + subsc<lpulm)2 - 3.4 

Pubescent Black M<lles: 
(triceps + subscarulflr)2 - 5.2 

Poslpubescent White M;1'lcs: 
(triceps + subsopular)2 - 5.5 

Postpubescent Black Males: 
(triceps + subscapular)2 - 6.8 

All Fernflles: 
(triceps + subscapulat)2 - 2.5 

PFOWB = 

PFDWB = 

PFDWB = 

PFDWB = 

PFDWJ3 = 

PFDWB = 

PFDWB = 

J .21 (triceps + subscapular) - .008 

1.21 (triceps + subscapular) - .008 

1.21 (tricers + SUb~cDplllar - .008 

1.21 (triceps + sllb'G~pular) - .008 

1.21 (rriceps + sllbsc<ll'ulnr) - .008 

1.21 (rriceps + suhsc<\rular) - .008 

I.JJ (lriceps + subscapular) - .013 

For <I sum of tricep and subscapulnr greater (han 35 11\ In , the following equation 

sbould be applied. 

All Males prows = .78, (rriceps + suhsclpulm) + 1.6 

A II Fl:ITIrl!cs PFDWS = .546 (I riceps + suhscapular) + 9.7 
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Table 7, Cross-Validation of New Equations for Triceps 
and Subscapular Skinfolds 

Mcan Til'"Dcrl<i[~' f!,lce
 
Agc .. -- Skf.<,
_._~---_.,~ 

)T5 lJod\' FFR (Jlllll) 1'[-'/)" !'F'kl- Allllwrs 

Males 9,9 1,054 /.084 

11.7 1.046 1.087 

11.6 1.058 1.087 
Femilles l2.0 1.034 1.0116 

11.9 1.040 1.086 

1.0370 1.082 
,I 1.03 72 Ion 

Children 
18,3 13,9 17.2 !3olleau et al. 

(1981) 
23.0 19.0 19.6 Harsha et ill. (1978) 

Mllkherjee & Roche 
16, I 11.3 13.4 (1984) 
29.5 24 3 2'i.4 H,mha el al. (1978) 

26.4 21.4 23.6 Mukherjee & Roche 
(1984) 

220 219 20.5 Young er al. (1968) 
26.4 24.(, 24.6 Y\lung CI al. (1968) 

AJllb 

Age I)CTl<iIY TH'lJ 

Range GIlJ)' Sk11lf"H< 
Sample ( )'r.l) glee ( lllrn) PF/)" l'F,Lh AII I11O!'.\ 

Adltlr.< 

·PFD = [4.95/BD - 4.501 x 100 
l-Skin(old equations are found in Tilble 6 
'Non-menarche girls 
dMenarche girls 

15.3 20.0 Kiltch & McArdle 
(1973) 

134 20.6 Pollock et al. (1976) 
10.9 11.6 Sloan (1967) 
l5.2 16.0 Durnin & Womer,ley 

(1974) 
14.6 16.1 Wilmore & Behnke 

(1969) 
25.6 30.0 Kiltch & McArdle 

(1973) 
24.8 27.7 Pollock et ill. (1975) 
27.2 25.1 Durnin & Womersley 

(1974 ) 
25.7 23.3 Wilmore & Behnke 

(1970) 

r 

~
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The nell' hody rat equations are curvilinC<lr ror tricers <lnd suhscarubr but 
not rOT the triceps <lnd c<llL This is explained by rhe Cllfvilinear relation or 
slIbsc<Jpllbr skinrold <Jnd hody density, as contrasted with the linear rel;ltion ror 
the triceps skinrold and hoJy density. The change in the Iricer r1us suhscapubr 
skinrold to thc boJy r:u rel<ltion (intercept ch;mge) wiTh m:\Il1ration is consistent 
with the rinJings or Baumgartner et al. (1986) who showed ;111 incre<Jse in the 
rebtive thickness or trunk skinrolds when comrared to extremity skinrolds in 
males but not remales during adole~cence. The <Jdjustment in the inrercept or 
the recommended equ<lrions <lrpears to be needed heciluse or the slightly lower 
density "alues (.003 g/cc) round ror in the rresenr s<llnrle under which the 
equ<ltion was derived. This should le<ld to improved crnss-valid<ltion results. 

Bec<Juse Inilny studies h<'lVe reported me<ln triceps ;lI1d suhscapular skin­
rolds and body density, mean PF c<Jn he estimated using the new equations 
developed in T<lhle 6 <lnd compared with PF estim<lteJ rrom body density in 
other samples. lr the ncw equarions predict the r<lt cuntent or the original 
.sample, using the me<ln skinrolds or rhe origin;l! s<llnrle, then the new equmi<ms 
may ha\'e some external validity esrecially ror inJividu<lls near the ropulatlon 
me"n. Comp<lring the rilt Contents hI' the two arproaches in adu Its, general 
agreement is round rOt most s<lmr1es (Tlhle 7). In TWO samples where <lgreement 
is not round, i.e., K<ltch and McArdle (1973) and Pollock et <II. (1975, 1976) 
ror both male and remale S<lrnrles, the Lange c<llircr W<lS used. Since the new 
equ<ltions were developed using the Harpenden skinrolJ c<llirer <lnd since it has 
been shown that the Lange caliper produces higher re<ldings than the Har­
penden (Lohman et a!. 1983) part or the ohserved dirrerences may he associated 
with the higher skinrold reading or the Lange caliper. 

Since in our previous work we h,lVe shown th<lt the h.t-rree body density is 
lower in children one cannot use the original Siri's equation (1961) to estimate 
body ratness rrom body density. For the purpose or estim<'lting percent rat rQt 
each or the three groups or chilJren rrom the litcrature (Tahle 7) a fadree body 
density value was assigned based on age (Lohman 1986). Thus the new equa­
tions arpear to be estimating the hoJy rat content in sever;J1 s<l1nples or children 
and adults without a large systematic error. Further efforts to cross-validate these 
equ"tions must employ a multicomronent hody composition approach as well as 
a large sample size. 

AcklllJwl.edI!JT1cnlS This stuJy was Slirroftcd in raf[ hy NI H Grant AM26 35 J anJ AM 
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Males 

Females 

193 1.065 

18-22 
18-26 
24 

1.068 
1.075 
1.064 

22.0 /.066 

20.3 1.039 

18-22 
23 

1.043 
1037 

21.4 1.041 

26.7 

27.5 
16.9 
21.8 

22.0 

404 

34.1 
29.0 

260 
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