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kasurks of Body Fat and Related Factor6 i n  N o m 1  A d u t s ,  
1. Utroduction and Methoaology 

Introductiqn 

Ibe devel-ut or labomtory mcthods t o  determine body fit in the  h u m  has 

aiven impetus t@ diotlngulshin& obesity (excess body f a t )  from ove rn igh t  (body weiat 

greater  than E b tandsrd  weight for height and sex), and t o  developing ehpler method6 

- - - - f o r g r e d i c t i n g  Wunt of body fat. Thin ita ga- t rue  s i n c e  certain chr- 

diseases vi th  hbgh incidences and mortality ra tes  bave been associated v i t h  ownseight. 

The a v a i l a b i l i t y  of a simpre yet sccurste  lbese di6@88eB evd of public health concern. 

anthroprrmetric tool  t o  e s t h t e  amount of body fat vou ld  a id  lo the epidemiologic s t u w  

of som? c o m n  degelwrrrtiPe &Iseases and provide guidance for preventive ~ a s u r c a .  

Summary of Pertinent L i t e r a t w  

It is m s a i b l e  here t o  review the voluminms l i t e r a t u r e  on body camposition. Two 

symposfa conducted i n  the poet five years (1,2) and a monograph (3)  provide documen- 

ta t ion  o f  the extensive a n d  varied recent research i n  t h i s  f i e l d .  

I n  19U, k t i e g k a  ( 4 )  first attempted t o  estimate bo& compoeitlon by a n t b r o p e t r l c  

means in order t o  e s t ab l i sh  baees for phyuical fitness. While he emphasized need for 

validation viUh cadaver anelyoeo his approach has proved usefbl. Prom it -6 developed 

the concept ob e t m d a r d  w i g h t  for height. Other attempts t o  def3w optimum bow 

measurements have been made (5,6,7). Gince  Behnke developed the  measurement of b3dy 

specific gravity (8) and the concept of l e a n  body mass (9) considerable Impetus has been 

afforded the correlation of physical measurements t o  reference6 detenninstione of body 
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composit ion ( lO, l l ,  12 J 1 3 ) .  

Bases of reference for boay coupmition have had several  apprarches. Cadaver 

aMUSh3 (14,15,16,17), b04y density (8,18,19,20,21), t o t a l  wter (22,23,24) corn- 

bined deneity m d  body water detendnat ions (=,&), abeorpt im of 

@Ses (n), whDle-M& counting of Ip" (28,@,30), and measurement 

by dilut ion teichniques (3). - ~- 

S i r i  has c r i t i c a l l y  evaluated the  methods of determining body 

non-toxic fat-soluble 

of multiple parameters 

composition ~ZOQ 

f luid spaces and density (31). His conclusion that "combined measurements of corporal P 
density and of t o t a l  body uater y ie ld  the only nrthod for  estimstfng bm comRositioa 

that does not mare a reference body DOT an expl ic i t  deecription of the composition of 

adipose t issue" has been upheld by the  vork of Al l en  (26). They state "Slri'e 

original simpliiying deductions can be shown t o  hold throughout a wide range i n  var ia t ion 

of bone miaeral: fat: water: solids of healthy persons." The extensive body composition 

determination8 by -re (3) using multiple-isotope-dilution techniques provide 

an additional approach. The- ske le ta l  weight nomogram has as i t s  basis the  work of 

Additional approaches t o  body composition methodology have been measurements of 

subcutaneous fat by roentgenography (32) and by caliper measurements (13,33,34). These 

have been usedl t o  estimate body fat or body density. Sheldon'r approach has been that 

of defining t h e  bo& build by somstotypc (35). 

While multiple techniques f o r  measuring body cmposition have been developed, f e w  



studies have carrelated these parsmeters t o  develop a valid pract ical  c l i n i c a l  tool.  The 

are exceptions. How- 
wsrk of Brozek and my6 (19), bhnke (4 Yo- (11) and Mmre (31 

ever, for t he  moet part, these have been l M t e d  t3 one sex and t o  &ucasFans. 

addition there has been no 6 t U Q  t o  cornpate in the same subjects lean bcdy rises and body 

In 

fat ao determiilea by the  total boQy water-body density technique w i t h  these e8 determined 

by d o l e  ~OUY potassium 40. 
- _-_ 

There is consldemble evidence that body c a ~ p o e i t i o n  l e  dependent upon nniltiple 

factare  includling sex, gent t ic  cona t i tu t iw ,  p ~ s i d  a c t i v i t y  and nut r i t iona l  status (36). 

He are unaware however of previous attempts t o  correlate  in aan measured boQ fat a d  

lean body mass v i t h  diet, pltysicsl sctlvity and vith somatotype. 

Objectives of ~&wQ 

The primary obJectives of t h i s  study -re: 

1. t o  dkvcloo for healthy adults a valid regression equation using c l in lcn l ly  

applicable anthrop3lpetric m ? 4 8 ~ f ~ m ~ n t s  vhicb crtinnrtes t o t a l  boay f a t  and 

2. t o  canrpare in the  same eubjccts determinations of l e a  body =sa and t o t a l  

body fat as obtained by the  t o t a l  bo@ water - body density technique and by the 

40 orasurement o r  d o l e  body K . Additional object i res  vere: 

3. t o  relate estimated . ad  oltosured t o t a l  boay fat t o  d ie t ,  physical a c t i v i t y  and 

sometotype, and 

4. t o  relate whole-body cc~ium-137 t o  d i e t .  

I.. . .. . .. 



Purpose of t h i b  Report 

l h i s  repol% presents the select ion of study subjects and the method6 uecd. The 

methods are cobsidered under the f a l l d n g  headings: a n t b t r y ,  labmatpry deter- 

minations (- density, t o t d l  bo6y water and uhole bo& counting of p o t s s s i M t b  and 

C e s i u m  - U T ) ,  diet and pkysid activity assessment and soeratotypin$ technique. the 
- 

anthropometric meaeureaents are pmsented i n  suff ic ient  detail so t h a t  the c l i n i c h n  

may perform t h  i n  these exact fashions. 

Subsequenlt reports vill present results o f  the  variouE meaeurewnts, the  regression 

equations and Lnterrebt ionships  of the various p8rameters. 

selection of &bjects 

23& h d t h Y *  individuals betveen the ages of tventy-flva through forty-four years 

were obtained 88 volunteer subjects fiom many work or d h u  grqups i n  the &in hrmcisc:, 

b Y  Area. as ~ l l  a6 Large buaineese concern6, companies, agencies and other 

groups ( l i s t  @ppended) were contacted through personnel office6 or t h e i r  associated medical 

f a c i l i t i e s  for permission t o  request empl3yee o r  group p r t i c i ~ t i o n  30 a volunteer basis. 

EBch individual, qualifying by age, r e c e i v e d  a letter vhich deecribed the purpose of the 

study a d  the panrmeters t o  be measured aad requested voluntary part ic ipat ion.  Anthro- 

pometric meesrnrclDents sad diet and pbysiodl a c t i v i t y  intenriewa were perrmued at 

faclllties of the campany. Rcrenn1, rad& selected for the laborataxy ueasurements) 

* Healthy vas defined a8 free of !mom disease, acute or chronic, upm statement of t h e  
subject,  and &wing had no treatment 
m n t h s  prior to entry I n  t h e  stu6y. person with obvious physical deformity or  loss of  
limb w u  excluded. I n  addition pre-ncy or suspected pregnancy eliminated any VOmBn from 
t h e  study. 

a pbyeician for any illnees during the three 
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anather iadivtdual (R .C. )  an #e data C & L l e c t l o a  sheet VhicO m d  as tbs c%¶e oheet for 

was used end 
1. Wcl&t: Ai &ma p?ztable scale (capmlty 3CO p3nnCs) accurate to >ne ounce chechG 4 

at fmquent lnterva3s thr Celifornla State Ibpsrtment Df V o w t o  and Heasurcfi 
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weights were w e  t o  naurst ounce vitb vrrmen subjects vear~ng only a di&able 

exMllniag gown (might 3 ounces) and either barefoot o r  v i t h  rtockings and with men 

k 

-ing 0nl.y llhorte UIQ either brei& or v i t h  socks. Representative shorte and socks 

vere weighed and averaged 5 ounces. !he weights of the subjects e r e  corrected t o  

nude Weights. Ounces *re tnrnsposecl t o  hundredth0 of e pound for codiag. 

2. Bight: klghts vem uuasurad t o  the nearest  0.1 an by means of a f r ee - s t snda  

portable 8vlsa-rssde steel masurlng bar, cal ibrated t o  0.1 m m d  haiving a sliding 

heels, buttodka and back pressed f i rmly  t o  a wall wlth the clceminer applvlng fir0 

upward pressure to the subjectts Dastoid processes without a l l w i n g  heels  to be raised 

from the  floor. The s t m i g h t  em WLS then adjueted t o  t h e  cranial  vertex. The height 

VBB measured t o  the  nearest  0.1 an. 

The foW0virq measurements (3-ll.) were taken on the  ri&t side of the bow and 

recorded t o  the l~~ar rs t  0.1 cm v i t h  a e t e d  tape C l O S C U  f i t t e d  t o  the nude body o u r f a c e  

but not so Cight as t o  iodent the shin. These body ~ s u r e m e n t s  were later edited t o  

the nearest *ole cent inr ter .  U the number ended i n  a half-centinwter, odd *ole 

nunbers vert r a i s e d  t o  the next highest c e n t i w t e r ;  even lmde nunbere were unchanged. 

A slngle tape vas used for a p p r a x h t e l y  200 subjects  and then discarclea. 

3.  vppe r A$m kng th :  With the  subject standing, r i g h t  arm rrl€i%ed but flexed 90' 

I 
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at  the elbow, the tupe m s  applied from the lateral =gin of the acromial PrOCCSS 

of the scapula t o  the t i p  of the olecranon process. The distance betveen thew land- 

nmrks -8 recwsded. A skin tnwk m s  =de B t  half t h i s  length for use i n  the arm c i r -  

cumference a d  rklnfola loeaaurem3nt.s. 

4. Ann MrcqMsreace: 

a m  length a d  the reasurwt recorded.--- 

’Ihe tape was applied to encircla the mid-pclfnt of the upper 

5 .  Wrist Cifcumference: 

stylcrlC prociesees of the ulns snd the rsdiue. 

tape w ~ 8  applied t o  encircle tbs r igh t  mist over the 

6. Chest Clpmnference: With the eubJect standing, arms at  sides, and breathing qu ie tQ ,  

the  tape vas applied to the chest so as to encompass t he  areolae for  men and the axillae 

ab9-m t he  acea of breaet fullness f o r  women. 

7 .  

quietly, t o  tha circumference e n c ~ s s h g  the laver borders of the t en th  ribs a t  t h e  

Waiet CfLrcrmbenacb: pba tape wan apglied, with the subject standing and breathing 

8. Iliac @-est CFrcumZErence: With the subject standing, the tape WB applied to 

encircle  the body et the  i l i a c  c r c s t ~  a n d  vas maintained &le1 to t he  floor.  

9. Thi& Length: 

trochanter t o  that over the right inferior border of the lateral epicondyle of the 

Measuremnt -6 made f’ron the  sk in  surface m e r  the  right greater 

femur. These landmarks -re located by bvlng subdect 6-d with right knee slightly 

f lexed,  leg abducted sad vlth rigbt foot rsmsini.ng on the floor. A shin lnrrk uas 



10. !Phi& Clrpmference: m e  tape vaa applied t o  encircle t h e  right thigh st t he  

mid-point 31 the  thj.gh length. 

11. Ankle Cbpnnference: The ankle encircled wlth the a t  a po in t . Jus t  

superior t o  tbe lateral nslleolu~. 

’Be folluwlng nreasurementr (12-16) were taken Vith 0 m d - s w  metal caliper 

(Martfa) calibrated to 0.5 cm. aU &s were recorded t o  the closest 0.5 cm and 

l a t e r  rounded for coding purposes t o  *ole centimetars as previously detailed.  E”Lrm 

pressure on the Oslipcr aZ7Il6 y8s used t o  d i s p h c e  insofar as possible alQ‘ fat deposit6 

12. 

the distance between t he  mfik lateral narglns of the acromial processes of the ncapuLae 

Blacro@al Mamater: With subject standing erect but rc laxed  and breath- quietly,  

were measure&. 

13. Antero-@skrior Chest Piameter: With subject in position as fo r  biacromial 

diamter, the distance between the 6 t h  angle  and the f o u r t h  ths rac ic  vertebral 

spinous proaess vas measured. 

14. Bi-iligc -tar: With subJect erect, the  calipers vem applied firmly t o  the  

m6t l a t e r a l  xmrglns of the  i l iac emote  srrd t he  distance measured acr086 trhe widest  

15. AnterorPostuior  Mameter e t  I l iac  Crest Level: With subject Standfng, and 

breathing quietly,  the d i g e r e  vere applied t o  the s p i n 0 ~ 8  process of the  vertebra 

at the lsvel of the i l i a c  crests and t o  a parallel posit ion over the mid-abdominal 



w a l l .  In t h i s  instance inly the cdiper a m  over the bony prominence was pressed 

firmly; the cMterior arm touched but did not indent the skin. 

16. mi& w # m  tar: At the thigh, the calipers were placed in an antero-poeteriar p s i t i  

parallel t o  the floor vith the subject ete.ndh& and relaxed. 'lihe caliper ami8 rested eesil 

on the skin surfrca vith no akin indentation d e .  

. _ _ _ ~  

!Jbc follbving mhasurexents (17-20) were uade vith Iange el;in-fold calipers 

described by the Interdepartmental Colnaittee OD Eutritim for Aational Eefense (n). 

Spring t e n s i o ~  of the$# calipers exert E p r e e m  of 10 p 8 . r ~  per square millimeter 

over a 40 s q w e  millimeter surface area. !Be right side was used except for those 

subjects hamg a right lover quidrant abdodml  scar. In these subjects, the abdominal 

skinfold w measured 011 the l e f t  el&. 

17. e: W i t h  subject atandhg ,  rlght arm r t l s x e d  and flexed 90° at  e lbw,  the 

caliper6 veru a$sied.adjacent t o  E grasped arid-posterior f o l d  of ekln end subcutaneous 

tissue at mid-ann l ~ ~ a l .  

18. Scapula: With subject standily, a fold of skin and subcutaneous tissue cwer 

the inferior angle of the right s c q i l ~  YBB grasped 80 as to parallel B line about 

45 de-6 fram the horizontal level going medially upward. Ibe calipers vere applied to t 

s k b i d d  adjacent t o  the gn~eplng -re. 

19. Tharax: With subject supine, breathing quietly and knees raised t o  relax the 

abdominal macles the skin and subcutemots titrsue rrver the rlght tenth r ib  veb 
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gacped paraLlel t o  the rib in the anterior axillary line and t h e  calipers applied 

adjacent t o  bhe grasping fingers.  

20. AbdmPen: With subject in posi t ion as for thorax skinfold messuremcnt,,a fold of 

skin and subautaneour t i s m e  of the abdomen o w  inch t o  the  right of the midline 

balfvay betwaen t h e  umbilinrs and the 6yau&sis pubis YBI &rasped 60  a6 t o  parallel 

the  plid-abdoainal l ine .  l be  calipers uere applied and the  measurement r eed .  

LABORATORY IXqTERm lfATIOES 

Laborat- determinations w1p usually done vi th in  two weeks after the anthrsps- 

metric lpeasuriements. W e n  were s t u d i e d  vhtn aon-menstruating. me bo3y weight and 

height vere recorded a t  the tlnre of the ~peasurements f o r  t o t a l  body mter and how 

density. If the weight differed by 2 2 parcent of that  obtained or iginal ly ,  the 

anthrqmmetric m e a s w m e a t s  vere retalrsn. 

1. Bsdy denolty determinations by the mcthod of G i r l  (2lh masured whole body volume 

in a closed-clrcuit  system vhic:i u t i l i z e s  a gas-dl lut im principle.  With t h e  subject 

i n  one chamber and helium in the other, the gases i n  the two systems am mixed. The 

helium concentration, measured by thermal conductivlty, is re la ted  t o  the w l u ~  dis- 

pLacarrent by the  subject.  Ihe standard deviation in volume deternination is e s t i m t e d  

a t  +, 0.32 l i ter .  

error in densst-j -e6 from 2 0.0024 g CUI-3 f o r  a 50 b, subject t o  2 0.0012 6 ~ r n - ~  

far a person veighing 100 kg. 

Einca the peror is l i t t l e  affected by absolute v o l w ,  the  corresponding 
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2. Tota l  b?dy hater w s  mxaured after oral tracer dose of tr i t iated water Given on 

the  sane the bo& density was detennined. Ibe methods employed involved equipmsnt 

and procedures in g e m 1  me. 

the first 24-hour period after tha dose ingestion, e re  assayed for tritium with a -1- 

F'our t o  f ive t h d  urine apccf.uBns, collected v i th in  

Carb l iqu id  scintillation coincidence counter (Packard Instruaaat Co., LaGrange, Ill. ). 

The liquid s a i n t i l l a t o r  formulated by Uerbin e 2 (38) was wed. 
.- 

R f t e e n  m l  of s c i n t i l l a t  

with 2 . C  ml uater,  tDe usual sample volume, counted wlth an eff ic iency of 17s. Sm@es 

*re always Becounted wlth en internal standard of t r i t i a t e d  water and appropriate 

corrections made for quenching. Vacuum distillation of urine specimens reduced the  nlunk? 

m i n t a b e d  well belw 1% by suitable precautions. 

3. T 3 t d  btrdy fat m s  calculated f o r  each subject from the ccrmblned m?asuremntfi of 

body density and t o t a l  body uater. 221e order of mgnitudc of  the error of t h i s  calcu- 

la t ion,  based Dn t h e  eBove values for  the experimental error6 in density and water 

deteminati3m and f o r  the variability in the  combined densi t ies  f o r  protein and 

mineral, has been founC to be 2 1.7 percent of the to t a l  body weight ( 2 5 ) .  Foa R 

70 !cg indiviclual. the stasdard deviation ia the  detuPtination of body fat I s  therefore 

+ - 1.2 kg. 

This error is smllcr than tha t  expected when bo&y fat is estLmated by either 

density or  uater masurenmts  since fewer variables  are unaccounted for. In addition 

this method is caanplstely Independent of the state of hydration o f  the subject. 

i 

2 

. -7 _- I - 
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4. ;&de potessiU840 (I+) end ~ c a i r n  137 (~SIT) 

r: 
Under the supe~~d.sion or , #' and Cs137 wre counted wing an 

Argmne tm vhole-body counter (39). 

countfrq chamber they shwezed (men also shanrpmed t h e i r  hair vhile  m e n  absrspooed 

their haFr the night before, avding the use of hair sprays, rases, e t c . )  and put 

Imediately before the bubjects entered the 

- 

on cotton gcunente and diepoeable slippers supplied by the laboratory. These pre- 

cautions were t&n t o  remove a l l  traces of external  a c t l v l t y  such as potassium salts 

on the  skin or soalp OT f r c p n  fallmt, 0 ~ ~ ~ ~ 1 0 a a l l y  found Ln dust on hair, skin and 

clothing. Whole bo& counts ware perforared usually on t h e  - dsy, and aluays 
within one week, of the body density and total boUy water 8leasureIm?xItS. 

Cs137 acttlvity -6 determined from the  area under the 0.66 mev g8m photo'pe8k 

G 
of t h i s  isDtm, potassium *om tbe 1.46 photopeak of &. 

we6 determine8 in a grow of volunteers by Injection of dl ibrs ted  doties of Cs19 

(hdlr-life = 6.2 - 8 ) .  

CP counting ciricienc,. 

 itn nation of the counter for lrlco w s  attempted by injection of known doms of 

@ ( !d f - l i f e  5 i2.5 hours) i n t o  a small group of volunteer subjects. 

of e complete calibration curve v a ~  not possible owing t:, i n s f l c i e n t  numbers. 

Development 

HDW- 

ever EUI average 

9.7 percent vn&s 

ko 
by dividing K 

t I 1 2 8 b 8  

counting erflciency of 1.m cpm/gm 0.10 with a standard deviation 

determinca. lbe total body potassium for each subject -6 obtained 

upm by the  afflciency Zsctor. Tfiie atanderdismtion coprpares with 

of 



-13- 

considers t h e  subject's height and wight and y ie lds  values vl$h a mean deviation of 

about 3.3 percent. 

Diet and Physic$al Activity b s e r l m m t  

L Id. M ,  2, 
ktritionists (- and during the first psrt of the study 

5 I + ,  r u b  K, 
and and during the last part of the  study) interviewed 

individually a& subJect selected for dit- intake and physical activity estinatc. 

"ink? f o r  the iaterview vfM approdmately t h i r t y  minutes and vas conducted immediately 

after t h e  antWopoxa&ric measurcmcnta were completed. Gince select ion of subjects was 

=de at t h e  time of the anthropamctric nwsurements, these Individuals were previously 

unaware they wuld tm subjects for this phase. 

Tlae ,nu t r i t ion is t  -ked t h e  individual t o  darcrilm hie  pbysicsl a c t i v i t y  chron- 

logically and 'by uPount of elapsed tiam for the innnsdlately prccew tventy-four hour 

period with the reference point 1 6  tinv of avakening. Concurrently, description of 

f33d eaten URS recordrd f o r  each t h e  of feeding. 

Food eaten was describad by kind, preparation and amount. Reference -6 made t o  

food modelo, measuring cups, epoons, rulers and &lasses of knm volum. Whenever 

possible, camposite Fagradients far mixed dishes such as casseroles and sanddchees 

were noted. U k i g h t s  or prices ( t o  eet inatu vefght) of individually pepkaged foods, 

i i - l 2 8 b ( i  
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eane bars, soft drinhs, nuts, popcorn, beer, etc. ,  were obtained when available.  

Brand of special diet items -re noted. 

I n  addiUion to the &tailed record of food eaten and t he  of feeding fur the 

previaus tvexity-four hours, each individual vas questiooed concerning adherence t o  

aqy special w, w of dltamia rupplemmtr, of other food applemento, of 900 

calorie prepruationr and of salt. 

a h 0  recorded. 

h l y  night change v i thh the previous year VELB 

Calculations of i n t a k e  of nutr ients  Including, calories, paotein, fat and carbo- 

hydrate as veD an alcohol were made wing the method of the U.S.D.A. (41). 

E t h a d  is pelifanacd vith IBH cards prnchsd far the individual food code and the  quantity 

u n i t  consumed. a s t e r  carb for 512 di f fe ren t  foods provide values for nine nutr ients  

(42). 

P l i s  

Since the 517 diet records obtained I n  t h i s  rtuUy lleted aver 500 item or 

composites of individual foods not available In the master deck, additional master 

cards n e c e s s a E i ~  M r e  calculated. Whenever feasible ,  subst i tut ions were wde for 

spec i f ic  food Item using nutr ient  comparable i d s ;  

S*Ch pudding far t hploca pudding 01 papaya for -0, etc .  

f .e.  chicken far turkey, com- 

Calculatflon by c q t e r  methods of nutr ients  consumed by tvo-hour intervals 

during the day 88 uell .S the total coneum!ptlon iL twenty-four hours u w  a c c o q l i s h e d  

by use of appropriate coding techniques. 

The tuenty-four hours recalled were accounted for by tLmar spent performing 

each of four Prbitraxy clasaifiartions of expended enerm and ~ l e e p l n g .  ’Rible 2 
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+ e s e n t s  c lass i f loa t ion  of pqYsiarl a c t i v i t i e s  as adapted f'rom P a s ~ m r e  and m n i n  (43). 

Since energy expanditure for comparable physical ac t iv i ty  is greater with higher degreeo 

of body welgbt, an attempt wa6 mnde t o  define the body weights above vfiich the  a rb i t r a ry  

categories of ca lor ic  expenditure would be greater. Application of the regression 

equation far energy expenditure in SIW vslking (43), C Q 0.0lrCyw + 1.02 i n  vfiich C i o  

~- 

energy e x p e n a i t w  in calories per minute and W Is body eight in kilogram, was oade 

f o r  various wigh t s .  A t  body weights of 260 pounds and greater, a c t i v i t i e s  grouped 

88 l ight  (2.16 - 4.9 cal./mln.) WB wclasaified as moderate (5.0 - 7.4 cal./min.); and 

for body weights 310 pounb and greater, nwlerate activities vere rec lass i f ied  as strenuous 

6ormtotJ(phg vas carried out, according t o  the techtqw origincrted (33) ami 

rn3difled by &eldon (u), a t  the Covell Memorial Hospital Constitutional Research laborator: 

University of  Califmia, Berkeley, under the direction of Henry B. Bruyn, M.D. 

?his $rocedure determirrs the posit ion of the pQsicsl  constitution of an inaivldual 

within a three diclensional taxonoqy w h i c h  includes the  normal variations of h-n 

physique. A scsaetotrp is a point i n  tipaan vhere three d e t e l r m i n i ~  garsmcters cross, 

or s-, *ere three mstric diitributions m x s .  W s e  are height, trunk index and 

ponderal index; the latter tvo are &fined (vide inf?~) .  lkb les  based upon these 

paramters, betermined far aver 5,000 subjects, present the d is t r ibu t ion  of the  

* These unpul)liohed t ab les  are six in number f o r  each sex; one set for ea& of the  
following age g o u  B by  ex: 1) 18 yeare and less, 2) 16-23 years, 3) 24-28 years, 
k )  29-33 yeapa, 5 7  34-38 yesre  and 6 )  39-43 years. 



specif ic  sometotype. Ibe latter can be uechanically determined iron these tables 

in the ~ ~ m t  n@amm t which various number functions are obtained f'rari mathematical 

I .  

tables. 

B i g h t ,  wight and stsndardised lDsdiodL black and vhlte photographs =re taken. 

The mxhnn vewt experienced the subject at any age WAS recctrded. Ran these 

ponderal In- I s  the df&embed height divided by t h e  cute root of the nruc.hum 

e g r i t n c e d  mew. Trunk index l.6 the r a t i o  of the thoracic area t o  the nbaaadnsl 

area, as m c a s w d  with a planh?ter 00 the dorsal photograph. When the tmnk ladex 

predominance of msmmrpby m r  endono- vhlle a lov ratio indicates emphasis on 

& the ulge of the tables, the  scxatotypa, described In  tam of three compbnents, 

v a ~  detemirml fran the subject's height, trunk Index aad the sollletotype pondefal index. 

point e c a ~ e ,  1 t o  7, via intervals oi # unit, 1,s. &, 4,3. bta  a c m t a d  on 

severel thowkud subjects  (kk) &we established gtandsrds for each cmponent as follows: 

1 1 7 2 8 - 1 2  

5 
3 
3 
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A d d i t i o n a l  dcecriptive c b s e i f l c a t i o n s  for both nmn and vanen vere accumulated 

frm the s a t -  photographs on the basis of more subjective interpretat ions.  

These are: , .  

1. a mitine, for s t ruc tura l  masculinity termed " R '  or  andric. Mean values 

fo r  both men and women equal 22. 
. -  

2. a rating for structural famini* termed "g" or gynic. Mean values for 

h t h  men and WOIIED equal 22. 

3. the  ratio of a/g. Idean values for both men and unmn equal 1.0. 

4. a wesure of the degree of skin pigmentation tenned B.I .  or color index. 

From the pho~ographs, ccmrperrison of akin color of  the  least exposed area of the  body 

vas =de v i t h  a black and white value o d e  photographed with the individual. Higher 

numbers indicate  a greater degree of pigmentation. In  t h i s  stu@ only the  men were 

so measured. 

5 .  a measure of s inr i lar i ty  of the somatotype in M e r e n t  regions of t h e  

bo4y and the balance of bone t o  muscle t e m d  "SI2"* or structural integrat ion 2. The 

mean for  both men and v ~ m e n  is  22 and i s  an Lnverse r a t i o  of the degree of dpphasia 

between body regions. 

6. a measure of d e t a i l  o r  refinement of s t ructure  Df a l l  t he  smatotype segments 

of the body termed "SI3" or  structural integrat ion 3. h r  both sexes the man 1s 22. 

SI1 i s  defined 88 a meamre of qvmnetry and was omitted i n  this study. 

I 1 1 2 6 1 3  



surspary 

A v a l l Z  c l in i ca l ly  applicable anthropogrtric method t o  estimate body fat in adult6 

would ai+ i n  the  epidemiologic e t u Q  of dieeases associated with-overweieht. , Such a , 

method has been develope$ from anthropametric meaauremants of m53 healthy white men and 

wcppen and flcgrb men aged 25 through 14 year6 e,nd laboratory determinations of b o a  density, 

t o t a l  bo@ water, whole boQ potaeeium-40 for about 8 percent of all eubjects. 

. ~. 

methods Usee have been presented; those fo r  anthropometry have been detailee for 

reproducibil i ty by in te res ted  c l in ic i sns .  

&tho& fbr s tudy lw additional parmeters  aseociated with b o b  composition: d i e t ,  

pwsical a c t i v i t y  and somatotype are glven. Cesium 137 methodoloey hae been described. 

; X I ,  & (4kec4,.&b 
6 
A 

Subsewerit papere w i l l  present regremion equations and interrelatfonshiga of 

atuZied factors. 

i I 7 2 & 7 4  
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%dioacitive m?orphorua ae an Bxfernal Therapeutio Agent in  Basal Cell 
Carcinoma, Wu-tr mad EemPangionm-." 

"he America J O . J I T ~  of Roentgenoloa and Radium Therapy, E i 4 - 9 ,  1947. 

a. 0 ?. 4 I, 6 

Superf ic ia l  8Mn direases were eucoesnfully t rea ted  with d l reo t  

application of radioaotive phos$mrur ($2) t o  the area o f  the lesion. 

Offioe type b lo t t ing  paper, 0.4 nsn thiok and weighing 21 q. per square 

oentimeter, i r  out t o  the size of the  les ion with  a 0.3 - LO Om nrSrgb 

and baoked with adhesive tape and dried. 

108 HPO 

hesive tape. 

om1 mild erythema was produoed by 620 uo per mq. om. and severe epider- 

m i t i s  by 4400 uo per rq. osl, 

hyperkerotosis, verruoa, plantor mart,  subungal rart, and hernagilmna var ied 

from SDO t o  6000 uo - hr, per rq. om, depending upon the  site and type of 

lesion, 

reourranoe. 

It i a  then roakad Fn active 

solution, dried,  and reoured t o  the area of the  lesion w i t h  ad- 

The t b e s h o l d  erythema dose WEE found t o  be 34 ua per rq. 

Treatraerrt doeer f o r  basal  0911 oarolnoma, 

O f  the leeions t reated,  68.6 t o  100 peroent dirappeared without 

W t l l i a m  8 i r i  

Berkeley, Cal i fornia  


