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The technique of using spring éalipers to predict
'percenfage'body fat has been somewhat suspeéf because of <
‘variations in skinfold compression under constant pressure,

Before ihis’study1expgnsive 1aboratoty techniques for the

measursment of uncompressed sdhcntaneous—fai’depth~existe¢jﬂ

in the fora of radiography and ultrasound, howvever no quick,
reliable, non-invasive field technique existed for the
eétiiation of uhconbreséed skinfold thickness, The’purpose
of this stggy wvas to produce a calipar technigue for the

estimation of unconpressed skinfold thickness and make

applications in problem solving; specifically to investigate

the phenomenon of skinfold compressibility with respect to

skinfold thickness, sex of subject and site of skinfold. - . _ _ _

Pirst, skinfolds at seven sites on 15 females and 13

males were measured with three Harpenden skinfold calipers

vhich exerted different pressuras (5,u10, 15 x104liqi

application being in this order at one minute intervals) and
an extrapolated prediction of skinfold thickness at zero

caliper pressure (2T) vas made, Validity of this thraee

caliper technique wvas tested using both ultrasound and

radiography as criteria of uncompressed subcutaneous fat

~depth, It was found that the three caliper technique gave a

iii
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 reliable estimation of uncompressed skinfold thickmess

“élihOugh itvnay havefdndeteéfilated at very large skinfold

thicknesses,

'Nexf;jthg_:élationship between skinfold compressibility
and skinfold thickness was infestigatéd. Two pfocedures,for
quantification‘of conp:essibility,ieré carried out.

1 convenfional'conpréssion percentages wvwere determined by
calculating the percéntage‘decrease from an unconpréSsed :
estimate of skinfold thickness to a caliper measure 6f A

skinfold thickness, This calculation assumes that

compression percentage is independent of skinfold thickness.

2) DT; the difference between the three caliper uncompressed

skinfold thickness estimate and the thickness measured by

the caliper with the pressure qf,197;10?Niffg;szQLingggdl,”:,

Allonetric»anélysié showed that the chbféEQfén bercentage
proéedure_wés not independegt of skinfbldughickness. The

derived DT values were however found to be linearlj related
to»skinfold thickness, thus an anﬁfysis-bf covariance_ﬁf.ﬁT
vith ZT»asca covariate (DT/ZT) was proposed as an‘inproved

procedure for the study of coapressibility phenonena.

o

Finally, the offects of sex of the subject and site of

the skinfold on the phenomenon of skiffold compressibility

vere investigated, Porty males and 30 females were measured

iv



at 3 sites with the three caliper technique, Usinqth& :
DT/2ZT criterion thare ¥as no significant»difference in
compressibility due to either sex of the subject or site of
the Skinﬁo d., However, the conventional compression
gercéntaqevanalysis on the same data jielded the sﬁle kind
of spurious differences as,vére obtained in previoﬁs stddies
vhere)thickness of the skinfold wvas not considered iqfélaiis

of a sex difference in compressibility.

. In view of the foregoing findings it was recomamended
that the DT/ZT rélafionship shonid be used when qonsideripg
differences in conpreésibilitj o%hervise thickﬁess effacts
could'nasquerade as coapression aiﬁférences. Contrary to

claims in the'literature,‘felales in this study were shown

not to have greater skinfold compression thanﬁialesﬁ Indeed

alfhougirﬂat'signifiCant, the abéolnte values indicated the
female skinfolds to be less conétesSible than males. It
apbégréd from this study that a general stétgnent about
quantitative sex and site diffefencgs in skinfold

conpfessibility may not be possible because of sample

specificity.
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INTRODUCTION.

fé-

The detszgination of body fat has been a latter of
general interg;t for scientists in Human Biology for nany
years, and h;sgillediate practical applications in the
°healt;h prqfeg$igg§{'73ri§hs labqragqr}dggthggs ?QEAMM,,;
deterrining thrﬁafbportion of body fat havée been developedé'
but these techmnigues require elaborate and expenéive
equipaent and sometimes invasive techniéﬁas.ﬂ Therefore ihe
techniqué of using calipers to measure skinfold thickness
vas developed to provide a quick, co;venient, reliable, ard
non-invasive terhnique for the assessment of subcutaneous

body fat. Brozek and Keys (1951) greatly accelerated the use

of this non-invasive technlque by developing predictive

reqnations to estisate fat from body density. Following their
initial studies many other vorkers developed similar _ |
equations,follouing‘th; same rationale, (Pascale erval.
1956, Parizkova 1961, Steinkamp et al. 1965, Durnin and
Rahasan 1967, Haisman 1970, Bugyi 1971, Adam et al. 1962,
Best 1953, Chinn and lilen 1960, Edwards and ihytz 1962,

"Sloan 1967, §ilmore and Behnke 1969, “Sloan et al. 1962, .

AK&%Ch*Gtm&IT“496874£0hlaﬁ“€t‘ti-’ 19?5* Durntnfand/ﬂoiersiey

reliable field techaigue. ) .

W«&wsw\mumw TNV N



Despite its acceptance and widespread nse”thewtcchnique
of caliper leasurenent of skinfold thicknesses, has several
therent li-itations. These limitations include: | - o -
a): Ths pre&ictive regression equations produced are ‘FL
sample specific. o v | Ho i -
bs thc'céés§¥::;§§.proccduresﬁafe prone to both intra-
cnd}inier-observer error.
c);‘théQp:ocedufes rely on therassniptionithat the ratio
of schcutahoous to internal fat is constant in all
‘individuals,
d)” There are variations in the alouht of compression
exhibited\by'different skinfolds under fhe same caliber
- _pressure. ' |
The aim of this study vas related .to these linitations
and was specifically concerned nith developingffhihniques to
reéuce varlation in sklnfoid measurements due to skinfold .

compressibility, o S s P o -

‘There is general acdeptaﬂce that at least four factors

affect compressibility of skinfolds, ie. Age, Site, Sex, and

Hy&ration level (Brozek and Kinsey ;960 clagg and Kent

1967). ¥No single comprehensive study has been carried out to

test the contribution ofiall four factors to the phenomenon
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of skinféldHCOlpreSSion.'Althongh“Seve:al“gtudies have been

~carried out on the effect some of these factors have on

skinfold co-pressibility,,ﬂoueier none of these have

proposed a way to eliminate or account for differences in -

compressibility. Brozek & Kinsey (1960) showed fhaf th;:a

vere significant chénges iﬁ»gonpteésibility due to age and
site éf‘s;infbldriélegg é'ként (i967) shoied siie o
gifferences, and a'sexﬂdifference, but proposed that the;e
ni&hf’uéll be'a,tplqtionship between thickness and
conpreséibility and that the differences shown might
possigiy‘havélbeén confounded with £hi¢knessrdifferén¢es.
However of the investigations”c;rried out on skinfold -
éonpteséibility only Jones (1970) and.Lee and Rg (1965) havg
taken into account sk%nfold thickﬂess when looking at |
differences due’td'éifé]”ééi"iﬂﬂ'igﬁ.

-«

Because of the apparent errors inherent in the use of

.skinfold calipers,. dué_to lack of consideration of the -

aforementioned factors, a study was organised'inrtﬁree parts
to develop new instrumentation and methods to compare with
conventional methods and to examine sex atd site phenomena

as follovs;

i il bt o e

gl o :ﬁi.\iw'mﬁbﬁn%nA-,n»m;:.»f-:.L‘m».r. e b g e
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I) The developlent of a caliper technique for the
estination of unconpressed skinfold thickness and also a
conparison of ultrasonic scanning and radiography as

, criterion neesures>of~unconpressed subcntaneous fet depth.

¢
-

II) An investigation of the relationship betueen skinfold

qcolpressibility and skinfold thickness.

IIIj Investigation of the effects of sex.and site of skinmfold

on compressibility. -

-

I) A caliper techhique for the estimation of uncompressed

" , : : . ;’ : ' ' ‘ ,

~ skinfold thickness. - R W

This part of the_studyugea;t with the developlent‘and
ialidation of a new techniqde for~the'estilatiod of
rnconpressed skinfold thickness. The technique featured the
use of 3 skinfold calipers, each of which exerted different
pressures over constant surface area, Standardised
Reasuresent of'skinfcids'Vifh tﬁé”fﬁtﬁi”fiIiﬁéfEfiEféﬁW"
obtained, and a comparison of ‘these measurements with both
ultrasonic and radiogra ic estilationss;'uqconpressed

skinfold thickness was made. The hypotheses to be tested"



‘were: '

a) That no difference exiséed between an estimate of
uncoapressed skinfold thicknas;, as measured by a
3-caliper teéhnique, and'an ultrasonic measurement of
subcutaneous fat depth, | | |

b) That no difference existed between ultrasound and

radiographic estimates of subcutaneous fat depth.

'II) Skinfold compressibility and skinfold thickness.

 The second part of this study dealt with the
investigation of the reiétiéﬁ;giéngé£ﬁéén skiﬁfpid
compressibility and uncompressed fhickness of the skinfold.
The hypotheses tested wera:

a) That skinfold conpregsioﬁkpercentage vas independent of

" skinfold thickness.

" b) That an absolute change in skinfold thickness (DT) was

related to skinfold thickness.

b o s T
< RUF SN My i AT
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III)'Bffdéts of sex and site on skinfold conpreSSihility.

«  This part of the stﬁdylnade use of the
co.p;essibility/thickness relationsﬁip to investigate the
effects of'sei'and_site on skinfold co-préssibility at 3
' skinfoldiéites in-30 female and 40 male subjects. The
hypothesgs tested‘in this pért q{;the study were that:

a) Skinfold coup:essihility did not diffe£ at different

- sites.

'b) Skinfold compressibility did not differ between the

sexes,
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LITERATURE REVIEW.
THE TECHNIQUE OF SKINPOLD MEASURENENT.
"a) As a. predictor of percentage body fat.

Brozek and Keys.(1951) were the first to develop
aquations for the prediction of speéific gravity ofvthe body
from skinfold leasurenenté. Abdominal, Chest, Back, Upper
Ars ;nd‘Thigh skinfolds were used in simple regression
equations to predict spécific gravity. Correl;tion
coefficients varied from ;d.7u9lto -0.857 for younger men,
and -0.538 to -0.681 for older men. When several skinfolds
vere conbined in a multiple regression equation, iultiple
correlation coefficients of ~0.876 for younger and -0.744
for older men were obtained. The ahtyors pointed out a need
for more conplete predictive'equations covaring the cqnplate
range of ages fbb both sexes, Brozek and Keys had selected
skinfold sites for their techniques using the following —
criteria; - »‘ - : : N |
o a) Répresentation of'regions knqun to showv large

vatiations in subcutaneous fat thickness.



b) Representation of the bxtreiities.

c) Ease of precise location,

| Other workers apparently were ipflugnced hyiagozek‘aﬁd
Keys. Numerous small sanple studies appéared in thei
following, decades, each expounding a predlctive equatlon fori.
' body density or percentage body fat based on regresgign
analysis comparing numerous anthropometric measurements to
body density., 'fhere uﬁs general'agreenénf a;ong thase
studies that the correlation chfficientvﬁeﬁveenﬁbody
density and the specific anthrOponetric reasures selected
vas in the region of 0.8 to 0.9 (Pascale et al. 1956,
parizkova 1961, Stéinkalp at al. 19365, Durnin and Rahqngn
1967, Haism#n 1970, Bugyi 1971, Adam et al, 1962, Best 1953,
Chinn and Allen 1960+ Edwards and Whyte 1962, Sloan 1967,
§ilmore and Behnke 1969!~Sloan ei al, 1962, Katch et al,

1968, Lohman et al. 1975, Durnin and Womersley 1969) .

Damon and Goldaman (1364) carried out an iﬁvestiqation
into the validity of ten of these anthropometric equatidns 
predicting body fat, They fbund that the closest predictions.
of densitometrically determined fat were obtained from the
equations of Pascale et al, (1956) and that of Brozek and
Keys (1951) in both studies the two standard skinfold sites,

triceps and subscapular were used. The difference hetween



predicted and dens%tdnetric fat percentages,averaged 2% for
the Pascale forsula, gﬁdividuéis‘uhose'fat was prédicted
poorly vere at the extremes of age, height,‘and weiqht‘£or

the saamplse,

-~ -

The usevof skinfold calipefs as a practiCal tééhpiqng
for the estimation of percentage body fat has been Q-;ff
investigated extensively and the technigue has a generally

assumed validity for most applications.

.

3
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B) RELIABILITY AND LIMITATIONS OF SKINFOLD MEASUREMNENTS. .

Despi te géneral acceptance of skinfold thickness
measyrements as a valid anthroponetric field teéhnique,
theredappeared to be at least four limitations of the

technique which might be summarised under the‘fbllouinq

‘headings:
1)  SAMPLE SPECIFIC,

Equations relating skinfold thicknesses to body density
tended to be sanmfple speéific. Equations could only be.valigd-
as predictors of percenfage body fat, if applied to é saaple
vhich was similar to the population froam which they were
derived (dillore and Behnke 1969,'Dalén and Goldman 19364,
Haisman 1970). Large errors were obtained when -equations
vere applied to samples diverse in age, sex, ethnic group
and level of fitness (Dprnih»and Rahaman 1967, Durnin and

Hoqersiey 1969 & 1974)

' However the:e»yas evidence to suggest that perhaps sonme
eqnatiqns might be applied.to populations from different-
origins uithout'significant errors, The regression equ@tion'
of Durnin e; al. 1969:32;;§ed”ff03 Buropeaﬂs, has‘$§;;47\ 7
successfully applied iorchilaan -11es (hpud, Benavidesrand

Jones 1977). However this same equation produced significant

i)

<
s

.
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errors when applied to Gurhka Indians (Jomes, Bhadradwaj,
Bhatia and Malhotra 1977);’vThis tended to indicate some

body compositional difference, maybe ia bone mineralisation.

-

The diversity in valid predictability of percentage body fat -
from regression equations would suggest that great caution ' :
must be used when applying predictive equations to samples

different from those from shich they are derived. R

ii) OBSERVER ERROR. ‘ | N

There have been many studies carried out on the various
types of calipers, to ascertain the level of repeétability
‘0f the techhique. valid measures Subsule a rigorous protocol
and adequate training of the investigator. Several
investigators haie shovn that when stgqggtdised techniques
such as those found in the Intetnationai Biological Pfogral |
| handbook were elployed both intraobserver and interobserver
error were minimised (Burkinshaw, Jones, Krupowicz 1973).

Burkinshaw et al. (1973) showed that if the skinfold
sites wvere marked o? the skin there was no significant
difference betveen measures byﬁexperienced and relatively
inexperienced measurers at various sites. When sites were ' o d
not marked the inéxpérignCéﬂ léasurars were found to be |

léasuting higher than the experienced measurers by about
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N

2am,
_ N , :
Durnin and Womersley (1973) in a similar study showed
" variability between measurements and,advocafed highly

standardised techniques. e

1ii) VARIATIONS IN THE RATIO OF SUBCUTANEOUS TO INTERNAL

FAT,

one of the assumptions made when creating equations
that predict the total body fat from skinfold thickness
measurements, is that there is a constant ratio of |
subcutaneous to internal fat. This assumption however has
‘been questioned by various authors. Keys and Brozek (1353)
pointed out that although one could measure subcutaneous fat
thickness ﬁnd its distribution, one could not fron_this‘data
determine total fat mass becaus§ of the variation of ratio
of subcutaneous to internal fat for different indiViduabs of
different sexes and ages. Skerljy, Brozek and Hunt (1953Y
 using densitometric criteria showed that the ratio of :
subcutaneous to total body fat was 0.26 in women aged 18-30.
years and another groupr31-35 years, but uasro.ZZ in a qroup

of women aged 46-67 years.
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Chen (13953) and Young, Blondin, Bensusan and Fryer
{1963) found a decreaée in ratio of subcutaneous to internal
fat in voien over 50 years'of age, Studies by pParizkova
(1963, 1977), Rahaman (1967) and Durnin and Womersley (1969,
1974) all provided further evidence té,Support the |
contention that the ratfo of snbcuianecus to internél fat
l’variédAas a function of sex and age.

. . ) .

This>variation is very inportant vhen considering
'predictive eqnaiioﬁs. However uheﬁ considering skinfold
coapressibility the most iiportant factor is not the ratio ﬁ
but the absolﬁte.thickness of fat}situ;ted subcutaneously.
Thus no further discussion of the variation of ratio of

subcutaneous to internal fat will be made.
iv) VARIATIONS IN SKINPOLD COMPRESSIBILITY.

The first investigations into the possibility of
variations in the degree of compression of skinfolds under
the application of\calipers‘vqre.carriedvout’by cdlparing
‘caliper skinfold measuresents with an estimate of
:ﬁhconpresse& subcutaneous fat thigkness. This estilatibn of
subcutaneous fat depth was norlallyféédiééfgfhiéiii}th7‘”
determined. Since a skinfold consisted of a double

thicknesss of skin plus subcutaneous fat, and radiographic

R AR A A 5 a2 5503



estilations vere of a single thickn555'of skin plus '7:3 ;l?frli ;3 I
subcutaneous fat, it was necessq;y to conpare thé skinfold ' o
thicknesses to 2 x Radiographic thicknesses. Correlaflon

coefficients between- the tvo estimates varied for eaéh sexA

and at different sites, but the tange ¥as between 0. 8 and

0.9 (Brozek and Mori 1958, Garm 1956, Garn and Gotlan 1956,—ﬂ?

A

Hammond 1955 Jone 1970, Kurimoto and Yoshigz 1976 Edwards {*%'~}j} \\
1 955) - : t ’ ) ] . » a\ : 4 . ,.;:’;.}'_ . -

The degree of compression of the skinfold in these : 11_2"a‘ 'R{g

stndiés vas guantitatively expressed as the percent;ge
chahge from radiographic to caliper measures. ipalldnd
{1955) shOjed by ieasurelents taken at two sites a lgani - ‘\‘fiffﬁ
compression percentage of 43%, using a ﬁarpenden caiiper “
exerting a constant pressure of 10 x10*§s , There being
negligible difference between sites. Garn and Goflan (1556)
in a similar study used a Lange caliﬁér'vﬁich exerted a
constant pressure of 10 x10%8s = but over a s;allervshrface
area sf'30 " as compared to 90 " of thé Harpenden
caliper., Their sample, composed of. young adnl; males, had a
mean skinfold thickmess of 9.3 mm at the nidaxilléry site. R ‘ ?

They found a mean compression percentage of 35%. B
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Eduards et al. (1955) also conpared caliper

: neasurelents to radiographic measures and found a better
correlation with a caliper exerting 15 xIO Nm , than uith a
caliper exerting 10 xlo"'l- . Hovever sone subjects )
conplained of pain ahen measured vith the higher pressure
'caliper. It vas also noted that the higher pressure caliper
gave a lower skinfold thickness neasure-ent due to the
qreater pressure’exerted. For these reasons the authors

reconlended that the lower -pressure of 10 x10¢ El be

accepted as standard for caliper pressure.

Pascale et al, (1956) compared 2 calipers of different
hdesipn whicL exerted)the ‘Same pressaure (10 x10’ﬂf1) on
' pressure plates of 25 mm® and 40 am respectively. The
calipers uith the larger contact area were found to
correlate worse than the calipers with the smaller contact
’ ‘ ’ E]

area vhen related to specific gravity of the bodg# thes

suggesting an intervening variable.

Brozek and Mori (1958) carried out a similar study to

"that of sarn and Gorman (1956), but on a saaple of 126 men

betreeaﬁthewegesme£v52~asdf62~}earsffIhe}wioueé—a~lea e
cgjpressicn percentage of 16X, These two studies considered

jointly would tend to indicate a decrease in compressibility

" with P¥ncreasing age, if indeed conpression percentage is an
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unbiased estimate of degree of tissue compression by the

caliper,

In'a study on age changes in skinfold compressibility
Brozek and Kinzey (1960) measured men between thevagés of 20
and 69, They were measured with calipers with ﬁ.differént
pressures (5;‘10, 20 x10‘nia). Thirty linntéslzzé left A
beiueen each measurement so that the skinfold could‘returh
to normal after conpression.trhey shoved that conpfession
percentages dedreased with age and that thers'uefe éite
differences in compression percentagés. This site difference
vas more evidentuin oldér'len. They obtained a sean .

compression of 16X, which is lower than the 43% of Hammond

and the 35% of Garn, This difference may be attributable to

the different mean skinfold thicknesses of the three groups,

if the thickness of the skinfold affects the
compressibility, since the mean thickness for the groups

T

decreased with age.

Lee and Ng (1965) in a study on male and female
cadavres, compared caliper measurements (10 x!o“uil) with
direct fat thickmess measurements made via incision at the

site, They showed a lower caliper teading on feliles

compared to males for the sasme fat thickness as measured by

s : .
incision, Clegg and Kent (1967) measured young adults with

(s
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caliperé of four differentfpressufésﬂ(ﬁ, 10, 15, 20 xlO‘N;I)
at four sites {triceps, subscapﬁlar, costal margin, iliac
CEkSt)- They came to_}he following conclusions based on
}conpréssion percentag; means not controlled for thickness:
a),Skinfold compressibility varies at different sites., |
b) Co-prgssibility varies between different individuals.

c) Compressibilities are generally greater in females than in

males, -

Clegg and Kent also indicated that there may be a
relitionship between %hickness of tﬁe skinfold and
compressibility. They snggaéteﬂ that in the male
conpressibiiity increases with increasing thickﬁess of

skinfold., However a similar relationship was not found in

the female sample tested;'”rhey”found'the”lack"of;'”"
relationship between skinfold thickness and compressibility

in women interesting, and-dbserved thaﬁ these wvere the sifas'
with greatest mean thicknesses, and prdprqd that p;ssibly o
ahove.a certain value, increases in.skinfold thicknesses may

not be accompanied by increased compressibility. -

The indications from theSe=studies yare that

compressibility wvas indeed different between the sexes, vith

female skinfolds being mcre compressible than those of

males., However Jones (1970) in a comparison of radiographic.

4
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with caliper ueasurenents at four sites on the leg (Anterior
and posterior thigh and medial and lateral calf) found that
the ratio of caliper fat to radiographlc fat uas 1. 6| { for

men, and 1.71:1 for women wvhen the four,leg sites vare

~ combined. This study took account of the thicknéSS'Of fat

and showed that male sites were more coupressible than ' T

ffelale sites for the same fat th1ckness. This would tend to o

conflict with evidence frdl the other Studiés. Efforts have
been made to explain the discrepency in terns of sample
dlffenences, in that ths—felales uea;u:ed by Jones uere
physical education students with uell developed lusculature'Q7
causing increased skin tension, There :ere'also ethnlc,
nutritional and age differences in the saaples. Bouevar it
is isportant for conparatlve purposes that in any analysis

skinfold thickness is controlled for in @ similar manner to

that of Jones.

Compression, percentage is a ratio of two linear
measurements or lengths and thus should be dimensionlass,

and independént;of skinfold thickness, however Clegg and

Kent {1967) proposed a possible relationship between

compression percentage and skinfold thickness which would
seem cotradictory and autually exclusive. If compression
percentage is related to thickness then siaple comparison of

mean coapression percentages between males and females is
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~not a valid test of a sexadifference in conpt9551bility

ey gﬁL\%ﬂz; i

since fenales tend to have higher mean skinfold thicknesses

than lales. However, the technique of Jones (1970), whqra

B T T

: . : : _— / ,
thickness was taken intoracc nt, was a valid test of a sex

dlfference in conpressihility. Thisviefhod of analysis éould

10 U el

also be applied to differences due to srte and age. f;
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Skinfold neasnrelenté havé.becone accepted as a valid

anthroponetriC«fieldvtechnigue.

&

skinfold thicknesses have been related to body density

“in order to predict‘percehtage bcdy'fat.,,;,

Predictive equationsﬁtend to ba sample spaecific.,

The prediction of percentage fat from predictive

“equations is poorest in subjects‘exhibitihg\éxtrenes of

age, height, and welght for the pOpulation.
nghly standardlsed techniques nust be enployed to

reduce intra- and intetobserver error. .;‘{" i.'?

aarking the site of a skinfold increases- the accuracy of

e Y : ~

repeated measures. : »'j

The ratio of subcutaneous to 1nternal fat is not

constant in all individuals,
BMean conpression percentage varies according to the
population undar study.

x

A 15 xlO*Nfl caliper neasurelénf'correlated béttcr to

Vradlographiculeasures than did a 10 xlO*un caliper.

There uas a decrease in conpressibillty with age Hhen‘

judged by mean conpr9531on percentages.

'11) A lowver caliper readinq vas. found in fanales conpared to

males for the same actual fat thickness.3 :Q'
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12) skinfold conpressibility‘éashfound to vary at g}fferedg
o _ _ ’ - b
. “

- . sites. .
L w

E 13)ltonp;ess}on percentages were generally larger in felales?
thapunqles.

‘gﬂtﬂ)'Tpgre may be a relationshib betweenfskinfold thickness. s

5{}:?' gi@.conpreésiqn perqgniage; - & L .
;:;:?15)'ﬂalé:ékinfolds’nete:found to be more compressible thah ”
i feialeuskihioldg Qhen skinfold tﬁickneSs vas(takeh iﬁtq
‘ﬁi7qcc§unt.u. : o | -
-161’Cogpression pef¢en;ége is dimensionless and thus should
Cve | " o
.‘}iqdépéndeni'bﬁAsiinfold.thickngssfr

oy
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R;DIOGRAPH:C AND ULTRASONIC TECHNIQUES FOR ESTIMATION OF

SKINFOLD THICKMESS,

2 _
w Vone of the firs£ uses of ultrasonic eéstimation of
suScutaneons fat depth wvas as an alternative method of
 assessing badk fat in plgs. It was used as a method of
.deteriining fat .in vivp»injanipal body composition studies
l(Tenple et él. 1956j'ahdvvis_proposed as a possible
'-techniéﬁé fot fat thickness assessment in human subjects
(Stoﬁffer 1963) ., The apparent.lack'of'sidé effects of the
ﬁébhnigue has lead'téjtﬁgvihc;easing use of it as a

technique in human research,

The technique features the use of an ultrasonlc

scanner, which converts alectrlcal energy “into hiqh

frequency sound enetqy. This sound energy is transmitted

" into the body as short pulses, When these waves strike

perpendicularly onto the_interfacés between two tissues of.
‘ different_acoﬁstic&l pfoperties, a small portion of the
eiergi is reflecteﬁ bac§ to the transiitter probé. Here it
is changed back'ihto eleétrical energy. This can be seen on
. an osc1lloscope screen as a vert1cal deflection fron the
horizontal time base, The distance along the tine base from
- zero point to vertiqal deflection.is proportionalﬁto ‘the .
time taken for/ultra;;nic.waﬂes to'traiefse from the

] '

~
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interface and back to the probe, If the_veiocity of séund isg

knoun then-this time can be convertedrto fat'depth. |

Uitrasonic scaﬁping in this mode is;éalled A~scanning. Thev ’ —
use ;f A-scan ultrasound measurement of adipose tiséue in :
humans has been examined in séveral studies (Booth, Goodard

#nd Patton, 1966; Bullen, éuada,‘Olsen and Lund, 1965;

Hawes, Albert, Heély»and Garrow, 1972; Sloaﬁ. 1967,

Whittingham 1962, Haymes et al., 1975). When ultrasonic
leaSu;enents have been compared to caliper skinfold

thickness measurements, by means of simple regression

analysis, correiation coefficients of 0,80 and above have

been found (Booth et al., 1966; Bullen et al., 1965; Sloan,

1967) I contrast, wvhen Haymes et al.v(1975) carried out a

sinila; study conpat}ng these tiortechniques, correlation
coefficients for ultr&sdni¢ ieasuEe-ents and caliper

skinfold thickﬁess for males vere lower than 0.8 at all four

sites used, but greater t?anvo.a for their female sasple. It

wvas believed that this di;fergggg was primarily due to the

greatet range in sﬁhcutaneous fafytiicknesses in the female -
sample, A spuriously high correlation coefficient was |
obtained for the félale data, Hosevgr as Tecognised by the

authers the effects of variation in tissue composition and

skin fension could not be discounted.

A

e
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In a test of reliability of ultrasonic neaéurelent
Haymes et al., (1975) found correlation coefficients of -
betveen 0.87 and 0.98 for test-retest on the four sites
used, compared to 0.98 - 0.99 fof test- retest correlition
coefficienté vhen the four sites were measured by skinfold
caliper, This was accepted as showing- that the ultrasound
technique was a valid, reliable technique for the estimation
of unconpressed subcutaneous fat depth, Bullen et al. (1965)
. produced ultrasonic measurement test-retest correlation |
coefficients df'betseen 0.985 and 0.994, and\stated thaf
they wefe of the same magnitude as those reported.for‘the
most reliable of comparable anthropometric measurements
'(Tanner and Weiner 1949). The thiciﬁess range iﬁ this study
wvas 3 to 40 mm of tissue, vhereas—the range in thebstudy by
ﬁaynes et al (1975) was 5 - 30 mm whichfuay partially

account for the higher correlation in.fhe~ea:lier study.

Correlation coefficients of between 0.7 (Supfgiliaé)-
and 0.88 (Mid-triceps) were obtained for co;parisons of
ultrasound measures with x<ray measures at the same sites by
Haymes et al (1975)., However Hawes et al. had teborted poor
Correlations‘betteen ultrasound and x-ray neasu:euents’at.,

the iliac crest and greater trochanter.
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BIOPHYSICAL‘PROPERTIES QF SKIN,

. »v-q R

A skinfold is composed of a double layer of skin plus
subcutaneous tissue, The charecteristics of the skiufold

under application of a caliper exerting constant pressure

’Az'are determined by the bio}hysical pr ‘er4ies. These

- biophysical properties are dependent on both the properties

_Qof the;skiu and those‘of tha underlying subcutaneous

tissues;e Unfortunately, isolated subcutaneous adipose
tiSsue'doeslnot lend itself to physical tests involvinq

defornation,ndue to the problens of attachinq samples to any

apparatus."ﬂovever the skin itself is a aediul that can,

and has been experinented on extenSively. skin has beeu

tv,pr«.

/studied in deforlation hy stretchinq and conpression under

'ertensivelxu Ridge and,iright (1965, 1966, 1966) carried out

various conditions'of sex, aqe, and level of hydration.

Knowledge of the prOperties of the skin may help 1u the

11‘

: interpretation of results found in this thesis, since skin

- ) u

1s included in a caliper neasurelent of subcutaneous fat
R

thickness. kiA‘.‘ o T

The stress/strain relationship and the tensile strength

_of uniforlly loaded strips of huu&nxsbin have been studied

P*‘ ’

uniaxial extension on exc15ed skin salples. Tuey produced a

three patt force/extension diagral'
. £

i
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1) An initial extemsion phase corresponding to the
' straightenihg out of the collagen fibres.

2) A second phase of stiffening extension7of the oriented

> .

collagen fibres,

~

3) A final yielding phase as individual fibres break.

e

Rothman (19354) reco}pisedgthat skin was under forces of
tension in vivo, and would contract upon incision. Dupuytren

as reported by Cox (1342) firs% observed that there were

~direction effects in syin tension. i circular bladéﬁ

stilletto caused an oval incision when wounding the skin of
a cadavre. Langer as reported py'ué'and Cowdry (1950)
carried out further expeﬁinents and produced a_seriés of

lines on the body, relating to directioas of principle.

tension. These lines followed the direction of preferential

orientation of fibres in the dermis (Cox 19342), this was
again shown by Wright (1966) ., These lines were termed Langer
lines. The stress/straiﬁ curve of specimeus of skin along
and acroés Langer iines, were found to be differant. The
skin would extend more across the Langer line, sinée the
skin could extend a long way before the fibres became

oriented parallel to each other.

It was the belief of this author that this variatiom in

skin tension at different areas of the body, may be

T2 1O T
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o

ot
contributing towards the site differemces in skinfold

’

COnpressibilify that have been found in the literature.

3

Defoflalion in paraliel ui;h'iinger lines requires
greater force than at,tight ang}eg. Thié’?;s‘found by Gibson
(1969) when measuring biaxial deformation: in vivo on hgiap,
snbjééts, with the use éf a simple device thch rested on
the skin and recorded the fotée‘required tobétretch/a
rectangular segment of skin.NThis finding was important in'ar
discussion of skinfold technigue, since it would mean that
at any given site, different leasnrelents, due to the change
in skin tension might be élicited merely by rotating the
caliper through an angle of‘90 degrees, This highlights the
need for standardised lapdlagking,apd or}éntatioanf the
caliper at.the skinfold sites.,

. _ )

Biaxial deformation of skinf;as studied under
conditions of conpressibn. The rate at which a circular
plate of skin reduced its thickness under a constaﬁt loﬁd
vas seasured as a function ofyconpression. It was supposed
fh&t vater #apidly left the compressed tissues at a
diffusion-liuited raée. The rate of coapression, therefore’

_ ¥as set by the viscosity of the fiuid held in the fibrous
connective tissue. This was an important finding, in that

it threv light on the time interval required between

N

~

;o
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skinfold leasnreo. When a skinfold has been measured some.
’perlod of tlle should be left before reseasurement, to allow
the sklnfold to return to norlal, ie, for the expulsed wvater
to return, The recovery time that should be allowed before
teleﬁsurelent has been debatod. Brozek and Kinzey (1960)
proposed that as.long as 30 linutes should be allowved

between neasureleqts.

Tﬁb'tonsile strength of female skin was found'fo'be
less than toat of male skin (ienzei 19&9),'and also féiglé
skin has been found to bo sore extensible than male skin ° -,
(Ridge and Wright 1365) . These findings rolofe to the |
-histoioqic findingsrof Lindhols (1§31)‘in that'elastio.

fﬁhres were lore nulerons in felalc‘than lale skin. Henzel

(1943 found that shrinkage of excised skin uas qreater 1n
'lales than in vo:en, indicating that. male skin vas under
- greater temsion in vivo. These findings would tend to back Lo

'the theory that female skinfolds would bp more conpressxbﬁ;;

-

fith,age‘there is a decrease inVSKinfold
conpressioility {Brozek and Kinzay 1960) . Theré is
'Increasing'sixsticmstiffnoss*of‘sktn*after"tha'age*of*&ﬁmtﬁ“*‘““j%*“f
saa—{xoaaedi—et—a%f—4963}1—!his—is~attzibatable—to—the—£aetf
that vith incroaslng age there is an increase in the nunher

of cross-linkages in the collagen fibresd rhns, the fibres
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, L ,,,,,,;% o
cannot slide across each other under conditions of stress.

This is supported by the fact that the tensile strength of
Vskin increases with age (Rollhauser 1950). Grahame (1969)
found that there was an incfease in the modulus of |
elasticity of skin with age in both sexes, All these
findings uouldvtend io indicate'a decrease in skinfqld_

coapressibility with age.A -

2y



. Summary:

e

- T

1). There is a three part force/extension curve for nniaxial

¥

exten51on of a strip of axczsed skin,

2) In vivo the skln 1s nnder tension._

3)  Langer llnes exlst on the body, which relate to .

directions of principle tension in the skin and folIOu‘

. the direction of prefefential orientatianO£'the—fibres

in thq~derlis. . - e

’

. #) " stress/strain curves across and along Langer lines are

~

different;

- 45) “Skin tension varies at‘di ferent sités.

’6)' Thé/;ate of conpression

'skin is dependent on the

visc051ty of the vater held in tha fibrous connectlve

t

tlssne.‘w

7) ?Penala:siin is more extensible thanJla;efskin.

T

1

8) In vivo male skin is under greater tension than female

9) There is increasing'élastic stiffness uith'age.

S B A b Ve Lot e e
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DIMENSIONALITY THEORY. | .

Bridgeman (1931):
"The purpose of diamensional analysis is to give certain
information about the relations which hold between the

measurable guantitiesVassociated_with various phenomena,."

- When a relationshfp-exists between two variables X and
Y, the relatlonship can be represented by the expression Y =
F(X)}) where P is a function. In this relatlonshlp Y is
“considered to act as the dependent variable and X is the
1ndependent variable. Variables may be expressed in teras of
quantities according to the particular set of rules of |
'operatlon, which are regarded as fnndanental and of i
irreducible silplic1ty. In physxcal,terms, these fundanental,'
quantitles are uass, Length and Tine. The dinens;on of a
quantity is represented'by square brackets [] asrsnggesred‘
by Ellis (1966). Thus the dimension of ﬂass,is~represedted“

as [ H].

'If a variable iSICOIpOSBG of a conbination'of thea
prilary gnantities it is said to be a secondary guantlty.;
Any secondary quantlty can thus be expressad in terns of
primary guantities. Such a secondary guantlty in a.

qeonetrical similarity systen vhere shape and conposition

"
.
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are constant js Density. Density is expressed as mass per
unit vcluneL&r mass/volume, The dimension of Mass is [M],.
and the dimension of volume, since volume is proportional to

the cube of length, is [L]3. Therefore the dimension bf

Density is (MY([L]) or [M]}{L}-1. The system of nechanics'ﬁses.

mass, length, snd time as priiary quantities, but this is
merely an arbritrary selection. The selection of primary
being made according to the particular kind of physical
‘systeu,beinq dealtrwith. In the physiological dimensional
systea there ié only one primary quantity, and that is
length, The dinensioﬂ of length is [L]1. Mass can be
expressed as [L]3 since it is proportional to yolume. Time
has tﬁe‘diaension [L]j. Density in the phy§iol$gica1.systen
(nbs has the ‘dimemsions of [r1o, neﬁﬁing that density is

independent of'length; R

In the area bf human growth dinensional apalysis has
been used in fdrling metaphorical iodels, or siuflarity
systeas froa general ﬁrenises uhiéh-can.then be used to
‘interpret.elpiiical results, The lostvconnoniy used
siniiarity,lodgl in the~stndy'of hnnan~biology has been the
qeopétrical,sililﬁtity model. In'tﬂefgeOIetticil Siiiiifify'
no@fi’it is a;suned~thtt»voluné is proportional Eg,LJ; and
'“béhsity is constant fhétefbre Mass/Voluae is’consgant and o

'.iévpropOrtional to Volume or Me«L3., Also T=L1 since one




—

L

assuies that all values are in constant prdportlons

1ndependent of size, Therefore veloc;ties L/T of an-L’ nust

~ be constant, If L/T ls constant then L-T.: B "f}~.[;-:*fif4

For bodies which are geonetrically s lilar, atea*Lz or
. area has the dimenSLOn {riz, 'and vOlunenLB or has’ the ‘
dinénsion {L]}3. These relationshlps were appreciated as
long ago as 300 B.C. by Euclld, and 287 212 B C. by - ,
Archlledes. Gallleo (1638) hagd applied such a lodel to the :dV“i
study of human and animal locomotion. Since then nany

-authors have appdled geonetrical sinilarity nodels 1n an\ %\t'

attempt to gain insight into human structure and function.

.-

"It is now possible having defined theﬁprilary{

quantities of a system to use that systen“to'prediCt ' t”'lthf R ,ﬁ~"?

relationships betveen varlables. This wlll be done 1n an
attelpt to show that the concept of coapression: percentage .;fji'
is not independent of thickness of Sklﬂfold as uould be -

'predlcted by dznensionality theory. "<
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~. .. _DEPINITIONS OF TERNS USED IN THIS THESIS.

'V3,;icaiiper

© “technique

N

: Use of three Harpenden skinfold calipers. each .

'exerting a different pressure, to neasure the

> : N 1

'_sale skingold. A l;&ear regression is ‘then.

";fcerried.eut betveen log10 skinfold'thickness

A

o \)
H(10)
B(?S) )

- cz/10)

A
W

-

“'values and’ caliper pressnre. The antilog of the
;.1ntercept calcnlated fron this regressxon is
_regarded .as thé“uncon&ressed skinfold thicknessﬂ

‘fprediction (ZT)- "~A, -

. R -. - ) . R

"‘Predicted unconpressed skinfold thlckness

“fron the three caliper technique. : ﬂ"i o

- - R

The skinfold thickness as -easured by the

\’Harpendeh sklnféld caliper exerting 5 x 10*3: .

-

"The skinfdldighiCkress as measured hy°the

Harpendeﬁ?ekiﬁfold caliper exerting 10 x 104N,

¢

.

The skinfold thicknese as -easured by the

ﬂarpenden"s*infold caiiper exertinq 15“1 10*!.***

' .
s R

s -
¥

A compression percentage calculated byAeﬁbiraction

of &(}b)_frOl'ZT aﬁﬂ'tﬁen'aivision by 2T.
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DT - A compressibility measure produced by subtraction
of A{10) from ZT.
gr - Subcutaneous fat depth as meaSuted by ultrasonic
* scanhing,, ) : R , ‘
v‘ . ] w' ) - VV,,' N N )
RT - Subcutaneous fat depth as measured by radiography.

"Throughout this thesis the dhits'of caliper pressure
used have been;x104Nm . This was preferred to the more

N , . S '
traditional units of gm me used in the literature,' in order

to come in line with the SI unit systen.



PART 1,
_THE' PBOPOSAL ASD VALIDATION OF A 3-CALIPER. TECHNIQUE FOR

THE ESTIHATIOH OF GNCOHPRESSED SKINFOLD THICKHESS.:

-

4 [N

INTRODUCTION. . = . . .

LA

'to estilate subcutaneous fat thickness has lonq been
accepted as a valid anthropometric technique despite the‘
several linitations preViously nentioned.xThis study was‘~

concerned with loatingaat the variation in the amount of

conpression of different skinfolds under constant pressure. -

Bven ‘when jaw surface area, and pressure exerted by the
'caliper are kept constant, the degree of conpre531on of
different skinfolds varies. Factors such as site and sex .

may. influence the degree of conpre551on for the sale

thickness of skinfold The influences of these factors wereﬁjQ

investiqated in parts IT and III of this thesis.

'The'ideai neasurenent Af thickness ot»fat'plus shinz
would be one taken when no pressure uas exerted on the
surface of the skin.. his vould give an estinate of
unconpressed thickness and as such would negate Qur need to
worry about the effects of variations !E‘conpressibility., N

-Subcutaneous fat depth can indeed be leasured in an

37

Thevneasurelent of skinfolds by uSe'of a spring caliper
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nnconpressedvstate,’by both rad10qraphic and'ulfresonic-
'scanninq tecﬁnigues; However botk require expensive and
-sophisticated equipment and are thus not used extensively in -
researcg\and,clinical’applicatiOn. Radiography has the
;added'disadianteqe that it is tine‘censuning and else
carries with it the hazards associated uith‘the'nse of
§ediography. To date.no quick 'convenient field rechnique
for the estimation of unco-pressed skinfold thickness has
been developed.‘ The ainm of this stmdy vas to develop and
~ show application of a three caliper techniqne for the ,'

esti-ation of unconpressed skinfold thickness by

<

.‘vextrepolation froa conpression at different pressures.ﬂﬁTnef
three caliper technigue and tne cc;ventional sinqle caliper

procedure were cqnpared to an ultrasonic skinfold thickness

.ehich'ser:ed as‘an}unconpressedethickness'critefiqn.f

METHODS AND BATERIALS.

It was. the purpose of this study to. develop a technique
to reduce variation due to conpreSSLbility differences in
skinfolds..,To avoid the problel of conpression the best.
measure -of skinfold thickness ‘would be an nnconpressed :
'thickness (Garn 1956 Brozek and Mori 1958 Tanner, Hughes
and Jones 1966, Clegg and Kent 1967). This can be achieved

‘by use of soft tissne ‘radiography, and also by ultrasonic

scanninq techniques. uany studies have been carried out to



shou the variation in conpressibilities of Skinfcids ﬁy'
conparison of either radiographic or ultrasonic measures of
skinfold thickness to caliper neasurenents (Booch et al.
1966, Garn 1956, Hawes et al..1372, Garn and Gorman 1956:,."
Brozek and Meri 1958,»Jocas 1970) . There is.howévér no
quick, convenient‘fiéld technigue foibtha estihétion bfk
' unccnpressed Ski;fcld thicknéss. Thé‘aim of fhié siudy is to.
fill this hlatus, and produce a three callper technlque for
'the estlnation of unconprescgd skinfold thickness.

The 3 Callper Hethod for the Estlnation of

Unconpressed Sklnfold Thickness.

;Thfce standard Harpenden §kicfold calipérs'uefé
'modifiea.bnlcrder toiptoduce onccaiipef whici gxerted'a’
ccnsthnt‘ptessure}of 5 x194ui1; bncvof lo,xlo*NnﬁE and the

thirdato“prbduce 15.x10?Ni‘f ihgn a,graph‘of skinfold R
thickness neasuredrby thg_caiiper, versus pressure éxertedf‘
by thé'c&lipér, for.any individual'skinfoiq“uas plotted, .a
" curve 51nilar to that 1n Pig. 1a-wa$ ;ccduced; Details-cf
. hovw the callpers vere changed and howv they were subsequently
calibrated‘can be.foupd incAppgndix 1, |
'fhe:fﬁeal’Calibér measurement for minimal or no

conpreSsioﬂ“Hould»be-one taken at.zero’caliper;pcessure.

39
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Hovever thls was gnlté obviously 1np0551ble to achieve with

a/caliper, 51nce it must exert a certain anount of pressure
'_on the skinfold in order to nake a measureaent, ,Af

' theoretical ‘zero caliper pressure thickness could be
ach;eved by_extpapolation'of;the thickness/caliper pressure
curve back to zero califper pteSsureQ In practice this has
llnltatlons in that if the 10 xlo NE reading is slightlyA
hlgh (as nay sométimes occur due to observer error) the o
~€curve produced by a standard least squares curve fitting
'routine, tended to glve-a,predicted Zero pressu;e thlckness
lover than theis'iib*liﬂ; ceading, as deﬁlcted in :iq. 1b.
TO correct'for this, ahd to ensure that the predicted Zero -
pressure thickness always vas greater than.the 5 x10*N@
readings, the. 10910 of the thickness was calculated and
plotted againstﬁcaliper pressure, A simple regressiong
analysis was carried out on these boints anditgg ihtercept
on the lo§10 thickness axis was calculateﬁ. fhe antilog of
the intercept was calculated and thlS was the zero "caliper

1

eressure t&ickness p:edlctien 2T (Pig. ic).
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Pig, 1: Graphical representation of the three caliper

technique
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4 ' : o '
If this method was to become an accepted ﬁeéﬁnigue

vhich other workers might useyto deiefline unconbréﬁsed
’skinfoid thicknass, then it must be standafdised. The site
was clearly marked so that sach callper ¥as applied to the L
sale skinfold exactly.\The technique would ;ail“if the\s£ZeEg)
of applicatlon vas d1fferent for the three calipers, or 1§‘

the skinfold wvas picked up in a different lanizr each tile. :

<R

Having marked the skinfold carefully, the skinfold vas
. : = z .
reasured with the 57x104ﬁil caliper, after a pause of one .
- : - 2
ainute the skinfold was measured with the 10 I?Ogﬂl ) .

caliper, and after a pause of another minute.the 15 xlO*liil

caliper wvas used. This wvas defined as the standa;diéed <~:i;

techniqne, and wvas fnb; no¥ on Se referred to aS'the 3 -

.

caliper technique. fﬁe 1lplications and problels associated

..7 -~ _.

uith this technlque uere dxscnssed at the end of this 7 ‘_Ndl

»

thesis., Detailsfyf the p1lot study to deternlne order of

?application of the calipers, and the flnal forl of the .-

3-caliper technique are given in Appendix 2.

5
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" GENEFAL PROCEBDURE

',-,'-.ﬁ"/" . "7/ . ‘Ll' . ',‘~‘ . "J"'E;‘,ﬁ'.>r'jA.'>“>
o ‘ sTuenty eaght subjects were used in. this study, 15

o

fenales aqe range 7 1-29 5 yrs., averaqe aqe 22 Q yrs.,'and

13 lales age ranqe 8 2-30 2 yrs., average age 23 2 yrs.,TheA
subjects iete selected fro- students and friends at A
Louéngg;oudh University. An attenpt vas lade to ensu;e thatd
the sal%le had a fazrly large varzation 1n sklnfold types,;./
’in orden”}o provide a vide range for the 3’- cxliper fg, 3fi;
technique; »*V p | o

e E el h
R IOV FEEETNE A
- -
-
e -

Seven skinfold151tes iere selected for use in the

:Study. All: subjects uere leasnred on the- right-hand 51de of

the hody. The seven - sites used\vere-: ‘ "?‘-r‘;“:‘

A
"& z TRICEPS - The vertical fold on the nidline of - the back

of the arn, :iduay betseen acronlale and radlale,

3 <

‘;?:;’ SUBSCAPULAB - The naturalmoblique fold belov the
. 43:;,L 1nferfor angle of the scapula.

'*aIbAiILnARx'?7TEeavértica1'fold'at'the side of the

dchest on the aidaXLIlary 11ne, niduay betueen

axilla and lllac c;estc' , ~,x'~

—r . . O A _

o~ x).'

Ka



SUPRQILIAC --The natural ohliéue fold 5 to 7 cm
upvards on an imaginary line froa anterior iliac
spine to axilla,
 BICEPS - The vertical fold on the front of the aram at.
the same level as the.tticeps skinfold.
MEDIAL CALF - The vertical fold on the medial aspect =~
of the calf at the'level of the maximum calf’ |

girth.

LATERAL CALF - The vertical fold on the lateral ASpgct
~of the calf at the level of the maximum calf

girth., , ,”,JW;,,

The skinfold sites are illustrated in Figure 2.



(1)

@
3)
)
(5}

{(6)

Ry

. Fig 2: Skinfold sites. -
‘ Triceps
‘Subscapular

‘Biceps

Suprailiac

bﬂidaxillqry--:”l |

Laterai.célf'”"

Medial Calf
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The: skinfold sites vere clearly uarkeﬂ on each subject

s

by use of a dernagraphic ‘pen, A lonq lark ias nade along the ~*"‘”

crest of the skinfold, so that the saee sklnfold was picked

up each time. A cross lark on this 11ne vas nade at theil“
point of application of the callper, 50 that p051tion of .

caliper applzcatlon could be standardised. (Pig. 3)

subjects were initially neasured uSLng an ultrason1c scanner 5‘

L

to record the unconpressed subcutaneous fat depth at each of

-

the seven sites. The subjects uere then leasured by use of

"the 3 -~ caliper technlque at each of the seven 51tes. Asij

‘ o

period of .5 minutes was allowed before the sklnfolds were o

reneasured using the 3 - caliper technlque. seven of the 28

subjects vere also ueasnred using a radloqraphlc techn;que '

T

- -
¥

at four of the seven sites. The four sites'used were.-;ﬂ

Trlceps, Biceps, uedlal Calf Lateral Calf, These four 51tes'

vere chosen because of thelr access bLlity to the 'e-\ ‘s\g;,

"radiograpblc,ﬁechn;que. Tbe technlque of Jones (1970) was

-

- eaployed. P T Cea

T
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. ULTRASONIC TECHNIQUE.
‘°in this studyvan‘estfnate of unconpressed subcntaneous'
Ufat depth vas obtalned by usa of an ¢ ultrasonicfscanner. The
:Qscanner used vas a SKI Ekoline 20A with a 5.0 MHz. '
. :trensducer}lueasurenent of fat depth'wlth the scanner was
i nade before sklnfold leasnrenent Ulth the 3—caliper Y
':technique.,The thickness vas neasured flrst with the scanner

 to avoid any compression effects that nlght have-been,

elicited*hjubrevions use of the calipers.

- The enperiuenter practiseduiith'the ultrasonic scanner
until reliable and reproducible results were being obtained.

“Thxs practrce Was necessary for the production of reliable

jresults 1n the actual study. If undue pressure vas placed on

™oL

'_the transducer when it was in posxtion on the skin, a
certain auount of local conpression of the subcutaneous
'tlssues occured Thus, a fairly light touch vas. required

fruxth the transducer, althouqh enouqh pressure ‘¥as requirsd
to. elicgt qood ;coustic conduction. Conductron of the sound
'ueves vas aided by the use of a standard acoustic coupling

| gel, It was necessary for the sound waves to strlke the.
'tissue xnterfaces at right angles for there to be reflection

of the uaves back to the trensducer, thus gentle

lanipnlation of the transducer vas required to provide a

3

ot
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clear and correct trace, An explanation d}‘uﬁat,uas meant byi
- a slight pressure and hovw this was standardised to give

ir

-repeatable measures vas explained in Appendix 3.

‘ The depth estimate vas fecorded on an ultraviolet baper
'f§corder, However before the reading from the fracefcould‘
be used, cértain'corréctions haﬁ'to be made, It has been
shown that sbugd waves travel faster'in water than they do
in fat, and thus a correction for this difference had to 5e
made, This vas necsssary since the transducer was calibrated

'throuqh a uatef aediunm,

Correction Factorv=.Velocity of sound through fat = 1456 ms

velocity of sound through water 1480 ms

B

“~

correction Pactor = 0.9797

. \
Therefore each measurement from the trace uas'initially

multiplied by 0.3797. This is a correétion_factoi commonly
@séd in ultrasound measures of fat thicknéss.‘The horizbnti;
_SCale"of the scanner's oscilloscobe éoniﬁ be altered tdrgiie
a clearer display., The scale vas changed on each snbjgct so.
that the trace pccupied alndst all of £he Screen; Tgps a
‘correction dbé to this change needed to be n;de; SCale.f
markers which/represented 1 cm. appeared.on'the;traceu'éhé»

distance between these markers could be neasu;ad“ﬁtOl the

P



+ +

S e

trace and‘thevappropriatevconversion factor calculated., A

final correction vas‘nade fron the results of calibration of
the transducer, The transducer ??s callbrated by use of a -
uperspex block vlth a well bored into 1t (as deplcted in Pig.
4), This well had a larger diameter at the to‘ and a
"shoulder pidvay down where the diameter w;sless. This hlockﬂ,
'\‘uas made to specific dimensions as shown in Pig.-. 4. The uellw?
was completely filled with distilled vater. Depth S
'measurelents to the bottoa of the well and to ths shoulder :

Lmr1

‘were made, From. these readings a correction factor vas

calculated, The correction factor tended to chanqe from tinerv
to time. It was naxnly duekto,the pcsitioning of the‘ .
transducer in the plastic holder, This hoider‘uas necesSdry
since the transducer had a dialeter of. only 8. 0 mn and thus
would quite easily cause local conpression of the
subcutaneous tissues. A plastic ria o} 48. 0 II dialeter.was
placed around the transducer and this allowed application of
the transducer with neqliqible local COIpression. The |
transducer was thus calibrated’before eachﬁsubject was

measured,

BADIOGRLPHIC TECBNIQUB. A

» on seven of the subiects soft t1§sue radlographs vere
‘taken of the lateral aspect of the uyber arl, and the
anterior aspect of the lower leq. This alloued for-
estimation of subcutaneous fat dapth to be made at the

triceps and biceps.sdtes,_and at the»lateral-and medial calf



A o :
g ’,«,

‘:,51tes. The snbjects vere volunteers froa the 28 subiects

&>

leasured by ultrasound four fenales and three nales being

neesured.

Positioning of the subjects was as shown in Fiq. 4. The

N

npper arm, vas allowed to hang freely in. frcnt of the Xx-ray

":filn cassette. The nldp01nt at one half then» 'ff'

-~

~acrom1ale-radiale dlstance on the back of the upper arn vas

'positioned,exactly 10 ca per;endlcularly audy.frox.the_front
surf&ce ofwthe.cassette;_ Thetarl uas placedfso thettthe‘
'lipb_uas’notvdeforned.byfconpression against the cassette_ ,5
cesiﬁo; and the}linh eas in e”standafd bosition; The ern

wvas supported in positizﬂ\by use of small foam pads. After ¢ -

positionzng the snbject vms asked to remain conpletely .
'still, The_posxtioning uas.qu;ck;y checked, and the
~radiograph exposed. The cassette was then moved o§er in its
nountinq‘sinte Oniy ohe haif of the c;ssette vas exposed at
any‘one‘tile. The subject vas then asked to stand in front
oi‘the cassette as in Pig. 5. The leg,sas positioned.snch%]
that the iid-point.of both lateral and medial aspects of tne-
calf vere 15 ca perpendicular from the front surfaoe of the ﬁ_
cassette. The snnject was then asked to remain perfectly, 2
still, The positioming was rechecked, and the radiograph |

.
A

exposed, .
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Pig 5: C;].f positioning for radiography. -
DA
/
!




.
~

-



It vas necessary to mark the skinfold so thét the
eiperilentervcould tell where to'néaSure the fat thickness
_’on thé.radioqraph. This wvas done by taping an.Bnélish penay
to the surface of the skin, 172 ca belov the skinfold mark.

The penny had the addedvadvantage that it could be used as

 the magnification correction factor measure, since the penny

was exactly 2 ca in diameter, and uheh vieved from the edge _

was 2 ca from any angle,

The fat depth vas peasured froa the radiographs by uSe
of a standard radiograhic ca}ipe:. The measurement wvas takep
perpendicular to the skin surface at a point 1/2 ca above
the edge of fhe'COin.A The length of the coin was measured
in order tb cﬁlculaie thé %agﬁification factor. The caliper
téading vas then lﬁlfipliéd bfifhig lagﬁifidﬁfion factof.'

Readings vere taken to the nearast 0.1 anm,

- RESULTS AND ANALYSIS.

/iLTBBSOUND vs, X-RAY.

N

] Radiograph1 is”angaccepied,laho:atorymneihodffozfthew
estimation of subcgtéggogg,tat depth, However this method
has saveral limitations. It is only applicable at certain

sites; it is a time consuming process, and it has possible
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deletetiodS'side-effects uith}ovérusa,~ﬂltrason1c
measurement because of the ;LCK of the aforeuentioned
limjtations of radiography ha’s becoie accepted as a valid
technique for subcutaneocus fat depth'esti|ation. For these
reasons in this study the ultrasonic nethbd was used ;s the
criterion peasure of uncompressed subcutaneous fat depth. As
a ¢ross-chQCR‘of the‘validiiy of the ultrasound techﬁiqﬁe,j7
of the,SnSjects were measured using the radiodraphic
,tecﬁnique at four of the sites measured by ultrasonic
scgnning. This produced728 individual skinfold measurements
bf both radiography and ultrasonic scanning. A correlation
coefficient of 0.865 was found between the tﬁo téchniques.
The mean for the radiographic thicknesses was found to be
slightly greater thaﬁ that for ultrasonic thicknessas,
-{Table 1) although no significant'diffarencerﬁas found
between the means for the two techniques at the'95i level of
significaﬁce;vThese findings agree with those found in the
literature, wvhere correlations between the two teéhniques
_varled from 0.76 - 0.98, dependent on the sites used and sex
of the suhjecg\“involved. Radiographic thicknesses have
been found to be slightly higher than ultrasonic measures.
These findings wculd tend to justify the selection of
ultrasonic leasure;ents as a criterion of unconptessedi

skinfold thickness in this study, since ultrqsonic measures

correlate well with radiographic measures, and ultrasound



does not have the deleterious side effe

- could have when nsed incorrectly.,

L/Eéthat radiography
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7§iqplé ragrQSSion'analiSis}Beﬁiééh3RQdibgraphicj ‘

LE N w e

Thickness measurements (RT), and Ultrasonic =
Thiéknéss measurements (UT) on_ seven.subjects -~ - -
at” four sites. -~ -

e

Regression equation:

i

UT = 0.791(RT) + 1.4

S.E.E. '2;57 am

0.865

T

n 28



- ?‘-‘,.‘,'couém-rvsorg_ OF ZT AND H(10) vs, nmiusounn.i

kN . - N . .
w .- . - n . _ - Y —
A o o v
.

- . : . -
N . . - .. . B

The aim of this study was to produce“a'technique for>

ST b a

W}the?neasnrenent of skinfold thickness which' lininised the

R b s B

; effects of differences in conpressibility. It has been

clained that a portion of the variance in a relationship

e

;fbetieen a caliper technique and radiography (a criterion

'neasurd'of uncoapressed thickness) is dne to the variation

/ B | ) X

. inm coupre551bility in differentvskinfolds. If the 3-@ : . E

'technique gave better correlation with a criterion neasnre v

i

than the skinfold leasured uith the ﬂarpenden 10 x10*mm =

caliper H(10) alone, then thi&fuould tend to 1ndicate that
. the technique had accounted for some of the'variapce due. to
iconpressioilitp differences.iTable;Z shous the resultsibf
:4this analysis. 10 xfO‘N; is the internationally accepted

pressure for skinfold calipers. It conld be seen that there

is a better correlation betveen 2T (the estinate of ' , :

o S e e b e s

‘unconpressed skinfold thickness_fron the 3-caliper . o 3
technique) and UT (nncolpressed thickness by ultrasonic

scanning) than between B(10) and OoT, at five of the seven

i esks LT, a2 e

sites nsed The correlation coefficxents between ZT and UT

ariad)

hmds 1*»

.‘Lu dim

‘and T 0.869, Thereforefan~extra~6<2$ of the—totai—v&rianc344* e ——
in the relationship has been explained by the neu 3~ ‘ ' ;

caliper technique., Pig. 6, and Fig. 7 shou the.req:ession S -s

£




>.,5¢f '

lines for thgse relationships. If the site showing the -

greatest variation in éonpresSibility is considered, that~is' {

the sup:ailiac site since it showed the greatest range in
conpression percentages (Table‘3), it isifound'thﬁt the
corrélation'cbefficiint between H(10) and UT is'0;139, And
that this is increased to 0,895 betyeen 2T and ur, tﬁus aﬁ
extra 17.85$ of the total vafiance ié.expl;iqed. Thqse '
’tesu;ts indicate that in five of the seven éitesbuséd,“the 3
~ caliper technique acéoun£ed for a portion of'the vgriaﬂce7

-due to differences in compressibility..

9]
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“Table ;2: - Correlation c,oef'ficieri’ts betwean Ultrasonic
- Thickness (UT) and Skinfold Thicknesses H(5),
H(10), H(15) and ZT. |
SITE - P B(5)  H(10)  H(15) - aT
A1l sites -  0.889 0.896 . 0.865  0.908
Triceps 0.91%  0.908 - 0.905 . 0,920
Biceps - 0.890 0.902 . 0.909 - 0.873 .
Lat. Calf  0.869 0.867  0.865  0.869
Med. calf - 0.946 0.954 0.952 0.932
Midaxillary  0.825 0.756 0.749  0.839
Subscapilar 0.948 0.983 0,948 - “0.949 "
Suprailiac 0.823 0.789  0.777 0.895
14
.'/ /\ : 3
/ ,
[ -
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~ Table 3:
SITE

Biceps

T;iéeps :

midaxillary

4

Subscapular .

‘Suprailiac
Lat. calf

Med. Calf

- SEX

Max,
'37-3, 5.9
uu.i 20,2
35,9 21.6
32,2 17.6
32.3 8.5
45.9  17.5
29.3 '11.5v
32.3 15,0
36,3 22.3
61.3  22.8

37.5.  16.5

28.0
35.7 11.3
3.2 23.4

Min. -

15,8

- Range -

31,4

14.3

14,6

23.8

28.4

17.3

14,0
38,5

21.0

12,2

23.8

10.8
N

Nean coapression percentages C(2/10) .

Mean

68

. S.‘D-
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TEST OF DIPFERENCE BETWEEW 2T AND 2 X ULTEASOUND,

-

Ha11nq determined that at five aof the sites there vas

greater correlation hetueen zT and UT* than hetueen 8(10)

" and UT (Table 2), it was necessary to find out vhet%gr 2T

A,_Ar“rwrdrandknltrasonnddxalnesuxe:eAprodictlng the saae—aacolpresseﬂ
thickness. To this end a t*test on the difference hetueen

,7 Reans of ZT and 2 X UT was: carried out for each site (Tahla

— o Tt T - = E

4). 2 x UT uas ugéd slnce ZT 1s a leasure of a donble

Pl

'nnco: ressed thickness. It is generally accepted that: _
Ve
stati tical tests which assume a normal d1strihution -are not

- validzvhen applled to raw skznfold measuresents, This is due

to thg p051tive skevwness vhich norldlly occurs in samples of

e
studyﬁaere tested for. sketness. rhe distribntion of the B
* sa-ple was found to approxinate uell to tha t-distribution,
P thus lnking applicatdon of a t-tast on the difference
‘ betvpen saiple laans a valid test to use. the lack of ‘
{ ;’ skeiness normally found in skinfold data’ﬂas probably dne to
’ the lilifad salple in this stndyf«in that no excessivaly .

10 se subjects were used. ihan the total snlple UQSfZV

L C e e

f{"-considered no significant differences were found Earyeeg—the

e — noans of T and 2. x U7 except‘fbr suprailiac and lateral -
. c&lf sites. ihen the data were divided into lale and felale

qronps at each site it vas found that in 11 of the 1u qroups ;

.

1 -
“ . N B
; . , N e
. ] " - . - .
. . - 3 -~ : -
3 - - I s N )
K - )
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showedithe'resulfs of thlis analysis.. A significant
‘difference between the means vas accepted if the probahility
of a difference .uas less than 0.05; that is acceptance at

the b 4 confidence 1avel. The results showed ‘that there Jere

S,Lg_n,,ijis@g,t,L,Qgi_f,_tgggggce#s,_pg;!ggn,,;ea,n,s ‘at two sitas . .

the;e wvas .no significant difference between means, Table 4 "~

{Suprailiac and Lateral Calf). 7 .
.r~ ' j«.; - =
A - e
-



Table 4: T-tests on the difference betwveen
- means of ZT and OT.

Site Sex ZT 2x0T t 'k’éﬁ P
: . . . Mean S.D. HMean S.D.- ‘ ’
Biceps Both 8.4 4.4 8.3 3.7 0.148 0.88
n Male 5.7 3.1 6.1 2.4 =0.767 < 0.46
b Female 10.7 4,v 10.3 3.5 0.725 - 0.u48
Triceps Both 17.9 7.7 17.4 7.9 0.948 0.35
e Male 13.1 5.1 12.6 5.1 0.722 0.48 .
Female 22.0 - 7.2 21.4 7.7 0.649 0,53 - -
Subscapular Both ~ 13.5 6.2 13.2 6,1 0.748  0.46
0 male 0.9 2.4 10.8 2.8 0.245 . 0.81
| Female 15.7 7.7 15.3 7.5 0.706 0.49
midaxillary Both  10.3 4.8 11.2 5.1 =0,545 0,59
' Hale 3.8 4.3 9.0 2.7 1.185 0.26
Pemale 11,9 5,2 13.1 6.0 =-1.798 0.09
Suprailiac Both  14.2 6,1 16.9 7.8 =3,884 0,00
- : i Hale i 12.7 6.6 12.9 6.3 -0.u97 0.63
Pemale 15.5 © 5.5 20.3° 7.6 =5.145 0.00
Med. Calf  Both  15.3 7.3 16.3 8.1 -0.T44 0.46
- . nale 10.8 5.0 9.8 3.3 1,388 0.07 -
_Pemale 20.4 6.0 21,9 6.3 =-2.327  0.04
Lat, Calf  Both 15.2 5.5 13.5 5.3 3,360 0.00 |
| Male  12.6 4.9 10.4 2.9 3,290 0.01
Female 17.6 5.0 16,1 5.6 1.770 0.10
a1l sites  Both  13.7 6.7 13.8 7.1 == ==




u'xon OF H(5), H(10), AND H(15) TO ULTRASOUND.

In g neral it wa;\clailed that 15 xlo*xl was too strqnq,
and herefore could cause pain in sone subjects, uhereis*S

‘ * has been crxticised as being too light, thus causing
able leasurenent. Cerelation analyses vere carried
'fl?d out which of the\calipet msasurements related
best to the‘ultrasonﬁd values;7iablé 2 shovs thevcorrelation
,bdefficientsvfbr the coiparisons B(S) vs. 0T, H(10) vs. UT,
H(15) vs, OT, for‘indiViduﬁl\sités and also for all sites
co-binep Froa this it can be seen that in 5 of the 7 siﬁes
the H(5) valae relates better to UOT than either H(IO) or
8(15).'At the salers sites H(15) ¥as the valne uith the
lowest correlaticn to UT. When all sites were considered
together H(S)':elatés best to UT, and’HiiS) ﬁis the podreét

‘relationship.
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DISCUSSION. -

ﬁy'comparison to radiographic‘ieasurenentshon 25% of
the subjects the ulgiaéonic scanning technique vas found to
be a valid method for the estimation of uncoapressed
snbcqtaneous fat depth. BRadiographic measureaments have

always been regarded as the criterion measure of

unéoap:essed fat)depth, however with the soph?stigation of
the ﬁltraSoniC scanning technique it too may be éccepted as
a valid alternate measure, It is hosevet a techniqu9=£lat\
- requires rigorous training to provide réliable and
reprodncihle measures, As dé-dnstratéd in this study, .
ultrasonic scanning can be justified for use as a criterion
“neaéure of uncompréssed skinfold thickness,

The main.aih of this study, vas to develop a technique
thai:iould dvetcoué the probleiszof variations in skinfold
Conpfessibilifj.>If fher3 - caliper technique was going to
account’ in sone'way for variations in é;lpressibilities,then
the T from the three caliper'techniqne ﬁculd borrelate - ' -

better to the ultrasonic value than would the Hatpenden 10

110*!l 4;ue. Thig was indeead found to be the case in 5 of . .

the 7 sitas. The most sj:x:ik:.m; gxalplgﬂ,a that QLthe R 77

Supraillac 51te vhere the correlation coefficient increased

"froa 0.789 to 0. 895, expkainlng an extra 15% of the total
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variahce. The midaxillary site also displayed1aflarge -
increase’of 0.557 to 0.839, an axtra 17% of the total

variance nov explained by variation in compressibility. @hen
'511 eites vere>considered toqether‘fhe correlation
"coefficient for H[ 10] vs. UT was 0.869 and for zT. vs. UT vas

0.904, This. shoued that the technique had cut dovn the

s

variance dne to conpresszbllity, althqngh it is not claimed
that it completely grredicated the prdblei._. L

it vaé also shown _that’ the tec’ﬂnique gave a good b
estimate of uncoupressed fhickness vhen cenpared te 2 x bf;
Tests for the significance of the differences of means for
correlated data yielded insiqnlfzcant differences between
, nnconpressed thlckness and 2 x UT, at flve of the seven © -
sites as shoun in Table 4, ihen the data was hroken dovn hy
vsex only three of the fourteen gronps shoued a szgnlflcapt
difference;jfhose siﬁes vere Sﬁprailiac (fenale), Medial
Calf (female) andeateral Calf'luale) aea it was alsb g
noticeable from Table 3 these wvere also sztes with high mean _
compression petcentages. Thls may indicate that the 3 -
,callper technique may have slightly upderestilated,' .
unc01pressed—thickﬁess¥inwhighiy'conpressible“skinfel&s:?5“WW

- k3

. . . - i ‘ R . - -t
An interesting finding was that the Harpenden 5 x10%xn

caliper related better to the ultrasonic measurement than .
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each of the other two pressures. In the literature it has
heenvciaigad }hat 5.1109Ri?4isrtoq'511gh£ a pressure to

-  obt§in-re1iab1e'résults. Ihe'réqégh for the 5 x16“uil
cﬁlipet”sﬂéving‘a better relationship vas probably‘that
since the caliper did not'squeezq’thé'skinfdld as much as
the other two preééu:es then ihe differehceé“i@f_ *
conpressibility;did ot become so apparemnt. Howéyer it ;as
not bréposeﬁ that ;he 5 le}ﬁil be- used as the standard
pressure replacing the:!lejo“Bﬁipresspré.. .

, , o :

1

In therneaSu:e;ent of skinfold thickiasses by spring
'calipe:s,'a’héttef-that«is_pf~p:ine considetation'is that of
[} . T . - J R

. time between measurements, Brozek and Kinzey in their study

Qn'Skinfold.Cbl?ressibilitY'a&d*EQSI'&llOi&dj30”linﬂt35*””j”*’”“””*m

betveen application of different caliﬁers. This vas to allowh:'

full recovery of the skinfold, since during neﬁsurelénts

. there ﬁas xpulsion of water from the tissues under -

compressign, It will be noted thaf there is only one minute
' ﬁallqweff tween successive measuresents, and also that this'
time inferval must be strictly adhered‘to,,ﬁuring'extensive

ggpilot studies it shown that this stand;rdiséﬂriechniqua was

- — — e

the

“of appliéﬁtion of'ééiiggrgwihiéﬂigégwiried.~Even though the
skinfold vas not given sufficient time to recover betseen

trials, the proposed technigue ias basedﬁg;fthe assumption

ittt it e et et

B Ao 0 b | el i et

st of many combinations of time interfalé. and order &

iﬁi‘n vaboby St i
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that the recové:y phehblenon was systematic, During-this .-

study subjects vere remeasured 5 minutes later. Sihce there

vas still a residual effect of the compression the predicted .

uncompressed thickness was lower during the second
measurement than the first, It S:sproposed froa this

result, and froa results of pil 'stndiés,uthat at least 20

minutes be left between first measurement with the 3rcaliper

technique and the remeasurement.

Subject to the acceptable limitations given above it
vas decided {hat the 3 -‘caliper techﬁlgue'yielded valid
estimates of uneompressed SKinfold thickness taking into--'

~ -

'account varlatlon in conpresszbility. Thus it was. accepted
that the 3-callper technique was a satisfactory nethod for
.the subseqnent‘purposa’pfhthis study in stpdying~skinfold

compressibility phenomena.

B
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PART II.

LY

THE RELATIONSHIP BETWEEN~SKINFOLD COMPRESSIBILITY

AND SKINFOLD THICKNESS. Lo

ISTRODUCTION. ‘ 3 N L

Al
.
Fa
i -

It wae-the_ainiof this study to determine if there vas

a relationship between  the anoqnt‘of'coepression,of a

skinfold and the uncompressed thickness of that skinfold. In

past studies in the liferature the‘degree,of coanpression of

a skinfold has been expressed as some fere,of>percentage
decrease in thickness.»th’studies‘vhere radiography or

nltrasonic scanning vas enployed, as nell as skinfold

{_thicknesslneasurelent by a. caliper of one type or another,

conpression percentage vas expressed as the percentage
decrease fron twice the radlographic, or ultrasonic value,

to the caliper neasnrenent.

Ca P.‘(Z 4 Radiographic Thickness)-- Caliper ghickness x 100

B -

. »' (2 x Badlographic Thickness)>f N ;Jf

- ' ’ S S

- -

Ia stedies—ahere—neasureleats vere made with cal%persf

of different jau pressures, the conpression percentage is

o

expressed as the percentage dlfference_frogrskinfold

o . *
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thickness neaéu;ed with a “low. pressure caliper to one .

~ measured with a'higher pressure caliper, Thus 'f;‘

C.P., = Low Céliper Thickness - High Caliper Thickness «x 100

Low Caliper Thickness

fbgse concepts of compression pércentages have bfén
uséd in an atfélpt‘to look at the‘diﬁfereﬁces bet ween sexes
and also to investigate fhe effects éf other factors on
ski;fold conpr3531billty, such as age (Brozek and Kinzey, °
1960). In the study by. Clegg and Kent (1967) conpr9531on
percentages in young adult lales and fenales uere computed
and mean values co:éared.!They‘fonnd that the-féqale neané‘f
at individual sites were greater than the male means, and I[
thus concluded that fenale skinfolds were more conpressible.
OStensibly this wvas an expected finding sxnce fenale skin 15
generally_rqurded as nqch softer and delicate than that of
males, Hove;er,_in'this study neaniékinfold thickness at th;7
various sites wvere larger 1n the females, Thus 1t couid not
'-be dlscountgd that ‘there was a contaninatlon effect due to ;

1 »

‘thickness of sklnfold Clegg and Kent (1967) 1n fact -

conceeded this by pointinq out that there nayrbe sonéﬁiaﬁzir T

. of relationshgp ﬁgtvﬁén=conprassxon percentage and §kinfdfi' 

’ ] - . .
LN - : e

thickness. - RN

R
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If one examines this relationship from a dimensionality
theory standpoint, an intarestinq problem arises, The
concept of compression percentage is a linear measurement

divided by a linear measurement therefore by dimensionality

'theoty it has a dilensicn of [L]0, that is it is independent

of sizc, If you plot a measure with dimension [L}0 against a -

v

measure vinh dimension {L]1 one would expect to obtain a
1ine vhich vas a horizontal straight line indicating that
 tne [L]O neéSu:e‘was indenendent of size. éonéressicn v
K-pctcenfa e is a measure with dinension'[LJOVand uncompressed
\skinf@;;%;hiciness is a measure with dimension [LJ@, thus
one would expect a hcnizcntal st:aignt line when one plotted

compression percentage againsn skinfold thickness, if the

th80ry held trUé’and,cplprﬁssinnwﬁhrcentagewuas,nnrelaiedwto, ,,,,,, R

skinfold thickness. If this vas found to be the case, and -

compression percentage uas independent of thzckness then

clegg and Kent-were correct in their tonclusion that female :

skinfolds vere more compressible than male skinfolds due to
their higher lean-COlpression gercentages. If howeyer there .

vas fonnd to be a relationship betueen colpression

percentage and sklnfold thickness,-then they are 1n'error in_

their ccnclnsion, since theyﬁhave'nct taken account of

thlckness and tha felhles leasured in this study had a

~greater nean‘sklnfold thickness.
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If one returms tO‘d;nehsionality theory a measure with
dimension [L)1 should give a linear relationship to skinfold
‘thickness. Such a measure would be skinfold thickn;ss
geasnred with a low pressure caliper minus the thickness
measured with a higher pressure caliper, ie, the,difference'
between the two caliper leasurenenis. Thisuﬁou;d give g
measure with dimension [L]?, and should in theory be
linearly related to thickness. It ;ay vell be,,if'thiséié
the case, that this is a better -gthod of_répresenting the

amount of compression of a skinfold.

This part of this thesis looked at the concepts of
compression péicentage and absolute thickness change, and

thair'relétiﬁnship to skinfold thickngs;ii?ygidatg used in

S e e

l this portion of the study were those collected in the o~

Loughborough study, thus methods and materials are the sanme

as for Part I of this théSis. Froa these data a compression
: v » = o -

percentage C(2/10) was calculated, and 'a change in_thickness

. DT was calculated. The relationship between these and
‘ : - ‘ It
uncoapressed §¥ickness as measured by ultrasonic scanning

e

and zero uncompressed thickness (ZT) was invesiigatcd. ~5— /fff

k3 T B T . " T Ty ': o - '”/ .



- METHOD,

'The sample wvas identical to that in Part I of this

=

T

thésis. Froa the data a conpreséion perceqtagq\f(Z/IO) fo:'

each skinfold was calculated usihg the relationship:

e .

C(z/10) = ((ZT - H{10])/2T) x 100 S
vhere ZT is the predicted uncompressed skinfold
thickness froa the 3-caliper technique and H[10] is the
thickness of the skinfold measured by the standard Harpenden
10 x10%Ns caliper.
fLknoéker~leasase—of~qonpféssibilitym92muaswcalculatedw~~ww—fﬁ~;ﬂ%ﬁ—aﬂe
using the relatzcnship.f

M

DT = 2T - 3(101

DT vas merely the change in thickness froa ZT to H[lO].
This has the dimension [L]l and thus should have been : A :
lineatly related to skinfold thickness, Alloletric analysis (/

- was applied to each of these measures to establish their'

relationship to skinfold thickness.
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RESULTS. o S IR T e L o
) 3 - ’ 7 * : ,.' . . E . } . - % ’ : > ’ «h
° “. . »%l ’/‘ Lo
-gue to the heterogeneons natgre of the sa-ple no - ﬁ;X -

attenpt was“ade to dlvide the data 1qto groups’by sex and

site, It ‘was felt by the author that since the aim of this

,'fportion of the study vas to shov a relatienship betneen

- < T I

f preferable to show phat"a relationsﬁip’could be prqyen,evee

‘'when the relationship contained the extra’rarianceAQpe te

differgt sex and éites. » a ~j//‘

- -«

¢~  The values forrcelpression percentage C(z/10) and

L8

fco-pressibility DT were calculatd fer each ekinfold. A

Wsilple regression analys1s was carried-out between C(Z/IO)
and nltrasonig‘;hickness UT, and for betueen DT and OT.

Sililar analyses were carried out using ZT in placerqf UT.

”’fhe results of these analjses are shown in Tablesysg It can

be seen that C(z/10) correlated poorly vith both UT and 2T,

correlation coefficients of 0.261 and 0.227Jrespectively.

' However both relatiohships‘sheu significartly positive

slopes. DT correlated vell with both UT and 27, correlktion

, "4 . o
- conpr9551on and thlckness of sk1 1lds; it vould be SN \y

coafficients of 0.837 and 0.877, with significantly positive

siopeSWWTﬁnSrﬁTmiﬁcreaseﬁ”vith"increasing‘sttnfoi&““‘;“"*“*

_ thickness, but so too did C(Z/10) which should dllensionally

have  been independent of thickness. in order to deterline

-




the exact dimensional relationships betweéen C(z/10) and OT
or 2T, and between DT and UT or ZT; éllonetric analysis was
appliedvto the dati. This is summarised in Tables 6. B
_values of 0,208 and 0.219 vere found for comparisons of
Log10[C(Z/10)]'against Logt00T and Log10ZT respectively.

These vere both found to be significantly greater than zero.

fhen the data was arbitrarlly split into two groups by the
criterion of a ZT of 20 mm and also by UT of 10 anm, |
allonetric7tnalysis'735'r;app{}aﬁ'tU find b Walues fbr'thq'i”
lover range and also for the upper range”of skinfold
.thicknasses.a values of -0.319 and -0,683 were found for UT
and 27 respgrtively wﬁen ZT’was greader tﬁan or -equal to 20
e and UT was greater than or equal to 10 am The ZT b value
was fonnd to be not significantly different fron z°r°','h°“ww,wiwi
"the group vhere ZT var less than 20 =mm, or OT was less than

10 mm, b values of 0,264 and 0.330 were found for UT and 2T
reépéétivelf;rrhese were both fbund t§ bé greater than Zaro

vith a probability of 0.0000. The regression lines for these

analyses were shown in figures 8 and 9. : e




' Tables 5- Silple regression analyses of C(Z/m) and DT
- versus UT and 2T,

Table 5(a). si';ple Segreé‘sions 6f C(Z/10) versus UT aynd ZT.

C(2/10) = 0.247 (2T) + 23.526
T =.0.227 " SJE.B = 0.0758  S.E.E. = 7.099

Analy:us of Variance. :
: ’ 7 D Po s.s. - H.S-, F_ p

Regression 1 534.07  53%.07 10, 60 0.0013 °
‘Residual 198  3777.85 -  50.40 s
S

'rable 5(b). Simple regression of C(z2/10) versus UT,

C(z,/10) = 0.536 (UT) + 23.208

r =0.261 S.BeBe = 0.1422 SeE.E. = 7.037
~ Apnalysis of Variamce,
- DePo S. S, M.S. F p
Regression 1 703.88 - 703,88 18, 21 0, 0002
Residual = 198  9608.04 49,53 L b
- % 3?
_ - & J
f



Table 5kc). gi;ple’fegréséiéh of DT versus ZT.

o DT = 0.2856 (27) + 0.116
r = 0.877 S.E.B. = 0,012  S.E.E. = 1,051
Analysis of Variance. ‘
D.F. S.S. M.S. . 7?’ P
Regression 1 = 715.67 = 715,67 648,28 - 0.0000
Residual 94 214,17 1.10 S

Table 5¢d) . 'Si-plé regression of DT ve:sﬁs/ur.,

DT = 0.5158 (UT) + 0.2389

r = 0.837  S.E.B. = 0.0282  S.E.E. = 1.197

—

Analysis df variance. o
. -D.P. S.S. H.S. K P

- p
Regression 1 651.94 651.94 © B855.12 0. 0000
Residual - 194 277.9%0 1.43
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- TABLES 6. ALLONETRIC ANALYSIS OF C(Z/10) AND DT,

"~ Table 6(a).

of

Allonetric ana1ysis of C(Z2/10) with UT criterion of thickness. S

A1l UT values,
0.204 (Log10 UT) + 1,252

Log10 C(Z/10) = | ,
r = 0.346 S.E.B. = 0,0397 S.E.E. = 0.122
‘Analysis of Variance. - .

- ‘D.F. S.S. M.S. F P
Regression 1 0.391 0.391 26. 4 0.0000
Residwal = 194 . 2.873 .0.015 , f’

UT greater than or equal to 10 mm. . "ﬂ
Log10 Cc(z2/10) = 1,819 - 0,3188 (Log10 UT)
r= 0.228 S.E.B. = 0,2381 S.E.E. = 0,102
Analysis of variance. , B o S e
D.P. SQS. . u.s. P p
~ ) = f .
~ Begression 1 0,019 0,019 1,79 °  0.18%4%
- Residual 7 34 0.353 0.010 v ‘
UT less than 10 ma. o
: L0919/C(Z/10) = 0.268 (Logl10 UT) + 1.2125 R
r = 0.341 S.E.B. = 0.0580 S.E.E. = 0.124
Analysis of variance.. ., - v
’ D..Po’— S.S. ’ u.s:. P p
Regression 1 0.321 0.321 20.78 0.0000
Besidual 158 2.446 0.015




Table 6 (b). .

Allometric analysis of C {(2/10) with ZT criterion of thickness.

All 27T values.

Log10 C(2/10) = 0.219 (Log10 2T) + 1,175

rj= 0.367 SOE.BI = 0,0399 S.B.E:ﬁz 0012‘
Analysis of variance. :
T D Re T TSV Se N.S. e ¢
Regression 1 0,439 0.439 30.16 0.,0000
0,015

Residpgl 194 - 2.824

2T greater than or equal to 20 ma.

Logl10 C(2/10) = 2.408 - 0,6897 (Log10 ZT)

r= 0.439 S.E.B. = 0,2351 S.E.E. = 0,098
Analysis of variance. , 7 L
o T 7 D.Fi VS.S. HcS. P . P
Regression 1 0.083 0.083 8.60 0.0058

Residual . 36

0.348 0.010

ZT lgss than 20 mnm,

Log10 C(2/10) = 0,330 (Log10 2T) » 1.069

r = 0.433 S.E.B. = 0.055 S.B.E. = 0.120
‘Analysis of variance. : :
. D.r. S5.5. M,S. - F B
Regression 1 0.517 0.517 35.98 0.0000
Residual 156 2.241 0,014 ' : :
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Table 6{c).

Allometric analysis of DT with OT criterion of thipkness.

k11l UT values.

;099 (Log10 UT) + 0.365

, Log10 DT = 1 .

r = 0.831% S.E.B. = 0.0528 S.E.E. = 0,162
Analysis of Variance. . v o N ,
- T DeFe 5.5, 8.5, B A T p
Regression 1 11,351 11,351 - 432.85 - 0.0000

Resjidual = 194 5.088 0.026

UT greater than or equal to 10 ma.

Log10 DT = 0,605 (Log10 UT) + 0.1616

r= 0.397 S.E.B. = 0,2396 : S.E.E, = 0.103
Analysis of variance. | : T e e
D.F. ’ S. S, HeS. . F P
Regression 1 0.067 0.067  6.37 0.0164

Residual 34 0.358 0,011

OT less than 10 nm,

Log10 DT = 1,185 (Log10 UT) - 0.421

£ = 0,763 S.E.B, = 0.0798 . . S.E.E, = 0,171
Analysis of variance. | S o
D.Po ,so 5. . H.S. . P P '
Regression 1 . 6.466 6.466 220.60 . 00000

Residual 158 6.631 0.029 < :
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Table 6(d).

Allometric analysis of DT with ZT criterion of thickness.

Ail ZT valﬁeé.*

219 (Log10 2ZT) - 0.825

L

Residual 156 2,241 0.014 .

, Log10 DT = 1,
r = 0.910 S.E.B. = 0.0339 S.E.E., = 0,121
Analysis of variance,

o N ﬁ; P‘V.V B o s. S. H. S. r“ p
Begression ! 13.615 13,615 335.15 ~ 0, 0000
Residual 194 2.824 0.015
2T greater than or equal to 20 ma. .

Log10 DT = 0.3103 (Log10 ZT) + 0,408
r= 0.215 S.E.B. = 0,235 . S.E.E. = 0,098
Analysis of variancse. :
‘ D.F. S.S. M.S. F p
Regression .1 0.017 0,017 1,78 0.1952-
Residual 36 0.348 0.010
T less than 20 mnm.
' Log10 DT = 1.330 (Log10 ZTy - 0.9315
r = 0,889 S.E.B. = 0.0543 S.E<B. = 0,119
Analysis of variance.
Dlrl 5.5. - . H.S. . 4 P
* Ragressiom 1 8.412  8.812 585450 0.0000
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 DISCUSSION.

vvﬁ\"ihen allometric analysis was applied 'to conpressionr_r

petcentages in relation to nnconpressed skinfold thickness

e — a,si,,,,l,easn:ed by O™ “Lthenultm,sgnicnthicj,ng,ss)“a,n,dJLA(J:hne
'3-caliper unconpreSsediekinfold thickness) it uas.shoen'thet‘
celpression percentage vas not independent of skinfold \
thickness. Siqnificant ‘exponent b values ‘of 0,204 and 0.219
Were obtaine? for conparisons to OT and ZT respectively. A b
value of 0 00- uould be predicted by dinansionality theory

since conpression percentage vas a ratio of two linear

measurements thus had dimension [L]0, ie, it was

dimensionless and thus independent of skinfold thickmess.

These b values were found to be significantly greater than
zero with a prcbebiiity ole;OOOO fon ﬂrvand 0.0000 for zT.'
Observation of these data seem to indicate an increase ina.
co-ptession percentage with increasing skinfold thickness.'
ﬂovever at high levels of skinfold thic;ness the conprassion
percentage plateaned and aven becale snaller in sone cases,

Al

T0o test for this the data were arhitrarily divzded into tno

,sets.~511 leasurenents where UT was less than 10 mn, and all

"1easure:ents*vhere‘ﬂr‘vas qteitet‘tﬁin”cr équ*l‘te‘1u am, A
sililar division was pade by the criterionm of a 3T valua of

20 mm rhe-ZT criterion of 20 mm was tvice that of 0T, since

} .

5y



Zi was a skiefoid ttickness;rgnd d! eae:a singler&hicknessl
of skin plus snbcntaneous fat. The sanme analysis as hefone
¥as  now applied to each’ g:oup of data. The analyses»shoped
that b values of 0.268 and>0 330 existed for UT and Zr

'respectlvely. for skinfolds less than UI = 10 Bl and ZT‘% 20

mm respectively,” These b values‘were siqnileggsLx gre gugr

than zero with probabilities of 0. 0000 for UI and 0‘0000 Yor

2T. Bowever for values greater than or equal to UT = 10 ng_'

‘and 2T = 20 mm, b values of —07375’fot7ﬁi1533;16;6§§;16i72:'”'

were obtained. The b value for iT was found to be«,f-

significantly less than zero uith a probability of 0. 0058,
houerer the UT b,valne uas~not_found to be significantly
" less than zero iith;a piohability ot 0.1894., It can be ;een

that rather than being independent of skinfold thickness, or.

even positively linearly related to skinfo}érthickness,.
eoepressteprpetcentage hesa»poep;exreletionshibtd '
rskinfold thickness. The exact relationship of eonptession
,pencentagefte skinfold thicknesS.is_hdt an important issue
heret.rhdfefore;the fact that t}e :;ta'd;t}diﬁg éoints‘of 10
and 20 ma were parely arbitrary is of ne,cencern; The |

iaportant point being that it was shown that compression

¥

-

"péfééﬁfiﬁe»fas not independent of skinfold thickness.

EE

* : - ) . * N h v
- . . . . .tv
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‘rﬁrflpifcatfmvf tﬁrfm&iwwmﬂii” T
studies carried ont on skinfold compressibility, that have
ustd coupression percentage as a crlterion ‘of
compressibility, hav? nade doci;ions on sex, age and site
differences merely b} conparison of mean éoipression
petcentages vithout taking into account mean skinfold
thicknesses :hisfnonld,hsf!alidf;f conpcession_percentage rfMMAng;AMW
¥as independent ofhskinfold thickness. Hoveyer,in this
jstudy this vas showm not to be the case. This therefore
tﬂéovs all the'conéiﬁSiois-of,théséfbreviéus studies into
doubt. Clng andfxent‘(1967)'shoved a sex difference where
- . female $kinfo1ds vefe BCcre colpressible'than male skinfolds,
) gince females shoied a higher léanAconpreésion percentage.
However they also had a higher mean skinfold thickness.
. Thus, the sex difference may ,lg,:gl,y,,ha',i‘e,_imsn:ﬂa ‘thickness . ...
A,differénce. No more can'be said asont the stndy'without

fnrther analysis of the raw data to take into account

skinfold thickness. . s ~

The question now was what should be used as a crxterion’ -
of co:pressibility, and how could skinfold thlcknoss be

taken account of im any analyses. A concept of absolnte

thickness ‘change from ZT to skinfold thickness 3easnred with

‘the 10 '10 L calipa:?ias adopted., This was termed HT. DT

has the dimensicr [L ]!, and thus should be linearly related



~

to skinfOld'thick;;;é; #hen sﬂ!ple,reéression analyses”wére, ;

| %

carried out between DT and UT, adﬁ/ZT;,correlation‘

Coefficients of 0,837 and 0.8f7 £éspective1y vére 6btained.

When allometric analysis vas applied to each relatidﬂShip b

~ values of 1.099,and 1.219,:espectiVeiy uete fouhd, compared

to a b value of 1 as expected from dimensionality theory.

Thus DT is a measure that vas found to be linearly

related to skinfold thi&kneés. TWo samples e.g. saaples of

different sex; may be compared by use
If it can be éhown'that tﬁe two sexas
regression lines, then it can be said

difference., The same fora of analjsis

and site differences., This was indeed
~ III of this thesis, where the effecté'

on conpraséibility vere investigated. 

of this relat%pdship.

‘have different

-

that there is a sex

can be applied to age

carried out in part -

of sex, age, and site

A a3
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PART III. =~ = - . - o -

. 0.".'. ’ . o N

THE INVESTIGATION OF THE EFFECT OF SEX AND SITE

"ON SKINFCLD COMPRESSIBILITY. - L

INTRODUCTION,

—

Skinfold conpressibillty is'a subject that has received'
only cursory attention in kinanthroponetric research, i |
Several author5~have carried'out small scale studies, and o g .
raised many interesting questions, hovever they di&‘not |
follow up’ with further studies.”’Brozek.and-xinzey (1960) in- ”*"’*””’i* ;

“a study on age changes in skinfold conpressihility stated'

"we cannot offer a straightforvard 1nterpretation
of the lechanisns nnderlying the observed changes‘ - , -
in skinfold Co;;T?SSIblllty uith age. The authors : | AE

donotaaintain;ZEat the differences are accounted

for by changed elastic properties of the adipose

tissue alone, Obviuosly skin is involved. rhe o

aud to affect tissue elasticity.

hydration of tissues is likely to vary uith age, . . '////

b



)

- an explanation of the sex difference that they fonnd, by way

. . . : . o .- EE SERE LR = -
. - . . - P e [P )

_ Houefer Brcisk and Kiﬁzey did.nOt;follou hp‘tﬁis°s{&ﬁ§
~in order to explore the contrlﬁutlons of the factors .
cutlined. Clegg and Kent (19@5) carried out 4 study on C | S
sk;nfold’conpressibillty, and.ca-g up-with the’conclusiods
that: | | | S o
‘a) skinfold conpressibiiltf vq;issgat different‘sitss;

b);.Conﬁsessibili;y-variss betseen different individuéls.
_é) _Cclptessibiiities are generally greager'in females than

in,lales,%y | | ‘
. T
_Alsb they poiﬁtedront that there may be a relatiogshigi N~
bétvéen thickneSs anc conpressibility. Clegg acd Kent gave

k3

‘of” consideration of the different thicknesses of the .- - .

'-:skinfold betieen the sexes.. Jones_41970) shoaed that féisle

skinfolds vere less conpressible than male. skinfolds when

thickness of skinfold uas taken into account. Houever Clegq‘

and Kent also lade reference to the work of Lee and Ng

(1965), uho conpared 10 xfO“n- 'caliper readlngs '1th actual I
fat thicknesses and found that -alcs gave Iarger caliper

‘readin¢s than felales for the same t;ue fat thickness.'Lee

and‘sg prcposed~thatwthefdiffe:enccfniéht_bcscansedupyuavrmwf?r~777~ﬁffﬁf
conhinatignﬂngthrgg,possiplggfacggxs;,,fh,:‘wsws,_, R — B o
) la) Differences in-the‘thicknessibfrthe skinrproper.“i B

b) Differepces in compressibility.



-’

' c) Different degrees of‘ténéidn bfl#ha,skip and o

subcutaneous tissues.

-
-

| Hhen a skihfdld;iéhéihched up between_ﬁgg;b,and
foreifinqéf the aii'fould be{tg‘prodqgé;a £ﬂicknessf'
comprised of two paraiiei,laiers“of ékin~plﬁs‘dndgglyig§,'~
;diposé'tissue, which could then ﬁe measured to qi%e‘an; |
estimate of the anount of”underiying adipoSeAtissﬁe.‘§huS,
present in this skinfold vould be two thicknesses of tissue ~
that have gréa; vipiatioﬁs iﬁ—coibbéitioh. Itris’tha -
‘variation qfvpropbrtion and mechanical ChataCté:iStiCS‘Qé -
| théée various conponents‘t§gtvcause the’difféfnnceSAihv
compressibility of the skinfdids. There£6re it is nécesséry

to consider the anatomical structure of the skinfold. Half a

skinfold, as pteviously stated, isptdlprisediof a layer of

skin plus an‘adipose tissﬁe layer, The‘COlpositidn of these

tﬁo,layers is very different.J?PQJEBEQ,is,snhdividedrintO*'*f R

,'thé'éutefféilaétlis and the ﬁndarlying dermis. The epiderais
~ is an epithelial 1ajer»§hosa main ebiponentAis]kéEatin.rIt
is a fora of epitheliui desfgn;d to be resilieat to damage

and bacterial invasion, also it prevents'diffusion,ofréater

out of the bbd}. The mechanical properties of the epiderais

are iafgélz'untnovu:jihEWﬂﬁrIiS"ishcblposcﬂ‘p:ilariiy*o ’"ﬁ”%ﬂ””"”

collagen, The structure of the dermis changes as one moves

down through‘its layers. The supe;ficial 1ayér”contains‘

£




o 103
relatlvely lore blood vessels, is a loosar type of'
connective tissue, is pore easzly dlstorted carries little
or no load when the whole -skin.is under tension. The main
part of the derais is made up of bundles of collagen fibriist .
aranged in a three~-dimensional weave pattern. This nges a
shear- resistant structure. Also present in varying amounts
are elastin fibres, uhichutend to be more proninent in the -
most superficial and deepest layers of the derlis.“The
~elastin would appeer to be under tension in normal skin, and
»brcbably accounts for the fact that skin contracts inrerea
wﬁen renoved fron the body. Skin fronm different areas of the
body exhiblts this' phenoaenon- ‘to different degrees, due to

the varying alounts of elastin present‘at each'particuler»>

site, In contrast. the énbcutaneous layer, the hypodarnis,"isf

_Composed of a loose areolar connective tissue, comtaining =~

. varying nu:bers and sizes of fat' cells. These fat cells

'fprobably play a large part in deterlxnxng the mechanical

prope;t;es-of this tlssue, since there may be many small
Ncells; or a few snall-cells,‘or many large cells, in”fact
there are many conhinationslef cell typas and numbers
posible, and each would presumably elicltddiffereet

lechanicel'prOPeertles,;



‘ the same time of day to orercone effects of diurnal

106

There are nany factors which nay”infiuence the

phenomenon of skinfold. conpressibility. Each of the folouing

)factors has been cited as possibly 1nf1uencing ‘the degree of .

colpression. sex, site of measuremént of«skinfold, age of

\subject, skin tensxon level of habitual activity, level of

hydration of skinfold before or after exercxse, after large
change in body ueight by either dieting ‘or overeating, ratio
of size to nunber‘of fat ce}ls in the subcutaneous~adipose5
layer, diurnal variation{/zgle of these factors are

interdependent, and.thus it can be seen that the phenOlenon '

of skinfold compressibility is very complex and any

investigation into the effects of any one‘factor on it would

require very careful planning if all intervening variables

vere to be controlled for. Inrthis bnrt of the'study this -

author investigated the effects of sex and site. This

selection left many intervening variablei that shuold be

‘controlled for. However an experinent:vhererall of these

intervening variables were controlled would require very -

eipensire-equiplent,_inyasive techniques and prohibitive

time constraints, The factors that could be controlled

easily uould be effect of*exercise, the'effect of e 1arge

change in body ueight, and diurnal variation. ueasuring at

variation becoames restrictive when a large number of

subjects is reguired. Thus subjects were measured et'the-

)
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tiae they vere available and it~ vas. assuued that there vas a

-

randon distribution of tine of leasurelent of subjects

across the sa-ple. C ,
~. . . : -

Thére wvere intetvening iariahles hodevet-that vere

ilpraciicai to control, for instance level of hydration of

skinfold, skin tension ratio of fat cell size to fat cell

nulbet in subcutaneous fat layer, and level of habitual

activity. It would be impractical to)tty tc assess the level

}of hydration of the subcutaneous tissues, One might carry

‘out a total body water analysis by the isotopic dilution

principle, or one light'carry'out an invasive biopsy of the
subcutaneous tissues., Either way would involve a large tise
coniitlent, techniques which are not totally sociably

acceptable, and results that have an inherently large

vafiance. Skin tensiomn is another’uncontrolldbie‘iﬁtervehinq'

variable, One method pf‘-easurihg'skin'tenéion ucﬁld be to
mark out a square of skin of known dimensiomns, then cxcisqw‘
that piece of skin. The skin contracts on excision and a
remeasureaent of di-eﬁsicns can be ladé,lthe change in
dimensions being proportional co skin tension. Another

lethod iould be to punctu:e the skin uith a circular -

"stiletto blade and leasure the size of the resultnnt oval )

wound, The gonnd'is oval due to the presence of Langers

lines, vhich are lines of varying tension, due to the
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“orientation of collagen'fibres'in the dernis. Hovever these
sethods are both sociably unacceptable and thus untenable as o né

research’ techniques on human subjects. The ratio of fat cell

"size to’nnlber is'a problen that would reguire an invasive,
fat biopsy. It is probable that the’lecharical prcpertiesioff' : "é
the subcutaneous tissues uould chanqe dependent on- nunber
and size of fat cells present " However it is debatable o

vhether conparison with a caliper technigue nhich is at best ~ ‘ \ ;

aorkinq to an accuracy of 5% of sklnfold thiclness, wounld ' E

shov any signlficant differences.3

Thus for this part of the study sex and site effects

vere investigated. The effects of large body weight chanqes,

and exerciseteffects vere coantrolled for. However diurnal

variation effects, tissue hydration effacts, skin temnsion
- effects, fat cell size to number ratio effects, and habitual
activity effects were not controlled for, and their .effects | . E

vere pooled into the total variance due to error.

In part II of this thesis it vas shawn that there wvas a o ;
relationship betweern skinfold conpressibility as denoted by
DT = 2T - H(10), and uncompressed skinfold thickness 2zT. = .~ 1

The objective of this part of the study vas to Show that the

DT/ZT relationship changes with sex_and site of skinfold. .

—

This was achieved by an analysis of covariance on the data , | }




iith sex and site cc grouping factors and»uhcdipréséed
thickness as a covariate. -
Clegg and Kent 41967) showved that.felale’skihfolds were

. more compressible than male skinfoids\by coaparison‘of mean .

conpression percenfiqes “hosever: the error of this | -
conclusion vas pointed oct in cart I 6f this thasis. Tﬁc .
guestion that this author tried to ansuer vas "doeS»a sex
difference in co:pnessihility azist or is it merely a ' | ‘ o
tthickness difference?", ) salple of younq adults betaeen o |
£he'ages of 20 ahd'30 years were measured at 3 sites. The

data obtained on this sal§1c’cére tested for any effects on

cclprassibility°0f site or sex of skinfold.

BETHOD AND MATERIALS,

~

A sample of young adult subjects between the ages of 18
and 32 years wvwere measured at 3csites (Triceps, sﬁhscapulai,
Nidaxillary, Snprailiac and uecial Calf) hsing the 3-caliper
technigue. Thescrthree sites vere chosen partly hecausev
the,y,,,;t,a_t,hi:aé,,,n_,f, ,t,h,c,,e,aaier',sk,inf,_o,l,ds,, ;n,,le,as,um,,,hnLals,q,,,, ; B

so that a skinfold froa each of the ara, leg and trunkfgé; : o o

measured, There wvere 70 subjects in this sample, 40 males
leanrage 25,65 years, and 30 feiales mein age 2u.98‘years.

r
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The subjects were selected as health} aduics‘uho had‘hdt
‘undergone recent substantial veight loss. The subjects were
mainly students and their friends fron Silon Praser
University. R ) L : e~

chl the’calipét~ieasufenecté 7T and-DT'were‘calcciatéd°
using the afore mentioned equat1ons. Analyses of covariance
vere then carried out to 1nvestigate the effect of site and -
~sex on these measurements, ;nalyses of covariance where DT
uas'chc dependent variable, sex and site icrecgroupinq
factors and -ZT was a covariate, were carfied_out on the

group data. ' e

Compression percentages C(z/10) uere'also céiculated in
Vordervfo diéplay'the vay ;nvuhici site and sex diffcrénces.“
héve been observcd‘in the litqratnre. Mean co-pression‘
percentages were calculatad for each of the sex and site
groups. ‘Analyses of variance were carricd out on the data
to determine if there uerevany differences in cclpression .

percentages due to sex and site of skinfold.
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RESULTS

7 .COlpressiod-percentages'were calculated for each of the
skinfolds measured. The'reanrcoipraseion pereentages and
standArd'deiiatignefgere_gglcnlgted for each sex at each of
the three sites. Analyses of/variadee uerercarried out to
test the difference in cpnpreesdod percedtages‘uitb respect
to sex end site; The results:nere%es shown in Tables 7. Shen

eThe total group vas considered and sex and site aere used as
groupinq factors it was found that there was no significant
differences due to sex (p = 0. 112), but that there was a

,'siqnificant difference due to site of skinfold (p = 0 01u).

ueans and standard deviations for conpressioa percentaqes S '

were shown in Table 8,

Hhen the data wvas brekeh'down into ind%yidua1<sdtes,
and analyses of varianee with ser as e qroupieg factor vere
carried out,‘ir was found tﬁat'there vere no significanr sex
effects at any of the three sites (Triceps p = 6.3&1,

=l

—~-subscapular p'= 0.984, Medial calf p = 0.930) . The results

of these analyses are shown in Tablas 11. ~



Tables 7: Anova of C(Z/19) at all sites.

SOURCE OF VARIATION

Bain Effects
Sex’

Site

2-#ay Interactions

Sex Site
_Explained

Residnal

Total

SUM OF
- SQUARES

460,073 -

7.128
. 452.945

20.346

20.346

- 480.422

10609.742

 11090. 164

DF

204

209

R 10— -
MEAN F 'SIG
SQUARE . OFFP -
153,358 2,949 0,034 f
 7.128 0.137  0.712 |
226,473 4.355 0.014 l
10.173 0.19%  0.822 ;
10.173 0.196  0.822 2
| 96.084 1,847  0.105
52.009 j
: & E
s
53.063
;
e )
L ]




rable 8. Means and Standard Deviations for -

_‘Compression Percentages.

Mean S.D.

C(2/10) ’
MALES (ALL 28.5 8.5
rxﬁﬂ.xs’ (kll ) 28,7 N
TRICEPS (Male) 29.6 7‘.3 '
TRICEPS ‘(Fe;;\i‘e‘)r . 28.3 5.8
SUBSCAPULAR (Male) ‘M‘z“s{q‘\ 7.1
SUBSCAPULAR (Pemale) 26.1 . -6.4
MEDIAL CALF (Male)  29.3 . 3.0 o
HEDIAL CALF (Female) 23,5 ‘ 6.4

T
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Analyses of covariance were carried 6ut on the data

‘where ZT and DT had been calculated.lln these analyses DT

was the dependcnt variable with sex and site as g:cupihg

Affactors and‘z: as'a covdriﬁte. Pignréc'lv, 11 éndniz show
‘the regression limes between DT and 2T for borh sexes at}‘
-; each site, The aﬁélygigzgf covariance tests fora =~ . _
significant difference betwveen these reqression lines.
rriQnres‘l3 ahdpiu shov the regression lines displayed

-according to sex of subject.

_The initial analysis was carried out on tha'total group

data (Table 9). This showed that there ¥ere no sanifzcant

*sex and site effects. However they came close to acceptance
. at the 0.05 level, P =.0.077 and p = 0.064 ‘respectively. =
~Analzses of covariance were then catried out on the data

. fron each of the three sites separately, in order to

deterline vhere any sex differencos vere occnrrlng. At the

(951 confidence 1eve1 there w\s no szgnificant sex diffsrence

._11'4‘

at any of the three sites (Triceps p = 0,389, Snbscapular p

*

= 0,776 and nedlal calf p = 0,061) as shown in'Tables 10.

|
|
i
|
J
™
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Fig 10z Regregsion lines of DT versus ‘2T for each

sex at the Triceps skinfold site.
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Pig 11: Ragression lines of DT

sex at the Subscapular

S o1ns
versus 2T for éaqh,' 
skinfold site.
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"Pig 12: Rég'res's'i.on lines of DT versus 2T for each
sex at the Medial Calf skinfold site.
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Fig 13: Regression lines of DT versus

site in male sdbjects,‘
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Pig 14: BRegression lines of DT versus ZT for each

site in Female snﬁjects.'
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 TTab1e 9:»'An¢pya'Of_DTVat all sites coabined., - S

SOURCE OF VARIATION

Covariates
2T
ua;h“Effecﬁs
Sex . .

~Si£e~

2-day Interaétions

Sex

Explained

Residual
Total
pa

" Site

 SUM OF - DP

' SQUARES

802,531

- T

10, 464

3.679

6,480

2.053.

2. 059 -

815.054

e

236.396

1051.450

"

802,531

203

-209

MEAN" P

 SQUARE

. 802.531 6B3.16

o

3.679 3.160
3.240 2,762
1,030 0.884

~. 1,030 0.884

135,842 116.65

1..165

Ni;uaa 2,99

802,531 .689.16" 0.000

-

0.000

0.032
0.077

0.064

0s415

0,000

- -~

0,415

-
*
-
a
b
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Tables 10: . Ancova of DT at individual sites.
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Table 10(a): Ancova of DT at 'rriceps.v
- . - - / '
SOURCE OF VARIATION SOUM OF  DF NEAN 4 S16G
- SQUARES - SQUARE OF F
zT . 207,638 1 207638 - 140,69 0,000~ ——
-SEX S IS T T 1.111  0.75 0.389 ‘
_Explained 208,750 2 104,375 70.72 0.000
Residual 98.883 67 1,476 N
Total © 307.633 69 4,458
‘Table 10(b): Ancova of DT at Subscapular.
- . q, . - o - - . ) . - - - - - - -
SOURCE OF VARIATION - SUN OF - DF HEAN ° r S16
i | SQBARES SQUARE -~ OF F
2T 254,827 9 254.427 312.12 0.000
SEX 10.066 . 1 0,066  0.08 0.776 :
Explained 254,498 . 2 127.287 156.10 0.000
Residual 54,616 7‘ 67 ‘ 0.815 ~ '
Total 303.110 69 6,480 v
S | N
- ~y '



Table 10(c): Ancova of Dr”at'uedial

SOURCE OF VARIATION

T

SEX
Bxplained
Residual

!

Total

SuM OF

SQUARES:

309.731

4,041

‘ 313,732

388.540

DP

'15,

67

693

Calf.

MEAN

SQUARE

©303.731

4,081
156. 886
1116
5.631

277.55 0

3.62

140,59
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In thé iiterature differences’in;cOlpressibility dﬁe,to
sex and site have been &eférlined'byrcoaparison of
_compression percentages 10 tast if dlfferent results Hould
ba obtained if compression percentages wvere conside;ed,
analyses of variance qhere C(z/10) was the dependent
va:icyi; and sex was a groupind factor were carriéd out on

thefaata'f?ou each site (Table 11), It cas shown that there
we;é’no significant differences due to sex at any of the
three sites (Triceps p = 0.uu1 Subscapnlar p = 0, 98u and
nedial Calf p = 0,330). By this aethod of analqsis there was
found to be no»dlfgccence 1n colpressibllity betveen tha
sexes at the jcdia; caif site, but there wvas a difference
with p = G;Oﬁi QQZ; the'anclysiS’waéaccrried out in teras of

DT taking thickmess ZT into account as a covariate.

Jones (1570) had-expressedfconpfessibility aé a‘catio
of radiographic to caliper thicknesc”léasuce;ents.'Iﬂthif
study the equivalent ratio is that of ZT/H10., Table 12
shoved mean 2T anc H10 values for each site and also the ctﬁf
resultant zT/H10 ratio. This was ca;:r:ied,o'urt ;:nv-ox;derﬂt’o" i

compare these data with the findings of Jones. .

/”L,._f o



Tables 11: Anova of C(2/10) at individuai sites.
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* T 29 |
VTrable é11 (a): Ahcvfa of/ c(z/10) at :rfcéés'. | 7
'SODB&" oF VARtIi;Tio'i" " sum OF DF Uj BEAN F  SIG
SQUARES | .»SQDARE ’_ | oF F
SEX - | 26,935 1‘~ | /2;6.935}3" 0,539 .6.uu1
EXPLAINED 26,935 1 J 26,935 9.5‘?9' 0. 441
azg:puh_z. | 3055.157 68 44,929
'roru.; o 3082, 092 69 44,668
.



7

E ‘i"able 1’1 {b) s Anova of C(2/10) at Subsbapular.

SOURCE 6PVVARIATIOU | sun OF bF ' MEAN P
T SQUARES SQUARE
sex "'  0.020 1 0,020 0.000
~ EXPLAINED  0.020 1 0.020 0.000
RESIDUAL 3179.126 68 46.752
oraL '»' '3}79,id6 69 46.075.

Table 11(c): Ancva of C(Z/10) at Medial calf. -

130

SIG

OF P
0. 984

0.984

SIG .

OF F

0.930

70.930

SOURCE OF V!RI!TIOR SOM 0}7 DF BEAN P

' SQUARES SQUARE
SEX | 0.499 1 0.499 0,008
EXPLAINED i 0.439 1 0.499 0,008
RESIDUAL - . . © 4375.727 68 64,349

TOTAL o 4376.227 69 63.426



e

Table 12: HMean ZT and H10 values, with resultant

"

Triceps (M)
Triceps (F)

Nedial calf

p

ZT/10 ratio.,

Nean ‘Mean
2T , H10
| 13.8 9.6

2§f2 14.6
(m  12.0 8.2

‘Medial Calf (F), 18,7 13.2
Subscapular (M) 13.5 3.8
Subscapular (F) 13.8 10.1
Male (All Sites) 13.1 9.2
Female (All

Sites) 17.6 12.6

" 'ZT/H10

‘ratio.

.42
1.38
1.46
1.42
1.38

1.38

131
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DISCUSSION -~ =

The error of the use of coamparison of compression
] . N

percentages as a criterion of differences in coapressibility
of skinfolds was shown in—part II of this thesis. It was

shown that compression percentage was not independent of

——

skinfold thickneséé thus a technique vhich took into account
skinfold thidkness had to be employed. In this patt df the
~thesis the ain.vas to show whéther or not diffe:enceé ih
compressibility occurred Aur to sex or site of skinfold. It
:ggﬁ be borne in mind tthat any conclusion as to sex or site
differencesrnay vell be sp;Eific to the sanpie measured, The
onus for further generalisationsAon sex or site differénces

1

in the human population awaits further study.

The data in this thesis was initially analysed in a
‘manner similar to that which previons studies in the

literature have used., The data was analysed in terams of

compression percentages, Comparison of the mean compression

percéntages for each site (Table 8) shoved very little
differences betveen the sexes at each site. Comparison of .
the mean ZT values (Appendix VI) hovever showed that the

female means wvere higher at each site. Part II of this

"thesis shbved‘a relationship between comprassion percentage ]

and skinfold thickness, thus it cOuid not be stated on-the

R
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strength of the evidence supplied by the comparison of mean

) .
compression percentages that there was no difference in

compressibility between. the sexes,

~An analysis of variance on the compression percentages

showed that there was'no sex effect, but that thére_was,a

site effect, significant at the 0.05 level, However';hen”the*‘

data was analyged in terms of Df uiﬁh’ZT as a cdfatiate,
different results vere>obtained.'ﬂhen the analysis of
covariénce'ias'Carried out on éhgrDT data it Hasrfound ihat
there was no sex and site effects significant at the 0.05
level, Thus when skinfoid thiCknéss (Zt) was taken into
account there were found tb'be no significant differen&es,
although a site difference had been found ihen coupreésion
' percentages were analy;ég.rlt was--also noticeable that:
although nd significant sex effects were found by either
analysis‘the probability of a difference was rgdically
different in each case, Dhen'conpressioﬁ petcéntages vere
analysed a p %10,712 wasﬂfoundnfor ﬁ sex difference; HowéQer
using’the DT/ZT relationship anaifsis the probahility‘of a
Vdifférehce wvas p = 0.077;7Thns wvhen skinfold thickness vas
taken into account fhe sex effeact neafly reached an .

acceptance level. - T L
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When the data was brokén down into the three individual =
sites a similar discrepency in results-was found. When

coapression percentages were considered it ias,foundkthatv;:c

there was no sex difference in any of the sites, but- that at

the medial calf site when skinfold thickness was taken into

¥ gt ebosstu:

B

account p = 0.061 for a sex ‘difference. With compraession S S 3

P e RN

pe;ceptgge_pngiys;s_p~= 0.930A£or’£he sexvdifference;'rhus'

it can be seen that markedly different results can be

2 . S . =

achieved with the two technigues.

From these findings this author wished to stress the
need for thekconsideratioq of skinfold thickness when E é
interpreting skinfold conpressibility~data and teconnended
that the DT/2T relationship technique be used rather than

the compression percentage method.

. By considgration of the DT/ZT regression lines for each

site (Pianes 10, 1i and jé),'it could be seen that there

vas a genegal trend for the female skinfolds to be less

compressible than the male skinfolds ie. there is a lovet‘DT o
value for’ani_particnlar 2T va}ue. ﬂoweyet the diffefencéf o
betveen lalé and}felaleregiessioniines‘waénatsignificant.
at énj of thé.éiféé;'fﬁé Qéiéiél"ééﬁélﬁéibﬁjff@i”ibht”bf;1m§”f
studies»cartied-oquinkthg literatyre,ugsfthatiihe'feiale» |

skinfold was ;6;e:éolpressiblerthan'the male skinfold. These
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studies utilisad'versions of the compression percentags .as

a-criterion of difference. On such study was that Bf-clqu

-

and Kent (1957), Hoherriin~th; study by'5pg?s‘(1970),where
skinfbid éhitkness wés“takan into aécounth it was-found_th§t
nale‘skinfolds<ieré_§qre conpressiﬁie than female skinfolds.
Jones exéressed cbnppgssiﬁility in“téris of ai:ayiq of’
rgdioqraﬁhic to»baliper fat n?géuranents.'ﬂegfound that iﬁen-'
‘the sﬁivof fodr 199 siteé’ﬁere/consideféd the lalérratiéfyaé
1.61:1 and the female ratio' was 1.74a1.fIt vas pass;ble to
express the data from this study in similar terisvto that of
Jones., l:ratio of uncompressed skinfold thickness (2T) to
skinfold thiékness‘leqsnred vith a siahdard Harpenden
caliper (HiO) wvas considered equivalent, although not equal
to the ratio used by Jones. The rasulté of the analysis uére '
Shovnrih Table 12. it uaérseen‘ihai ii_uedial Caif and‘rrr -
Subscgpular sites the ratio was slightly 1atgér for-felales
but that thié'uas ;evarseﬁ at the triceps éite. When all’the
sites were,copsiAered3sinqltaneouslyra ratio of 1.42:1 was
vas foundﬂfot_léles,1dnd'écratid’of31;40:1*for females. |
Therefore there was a trend for male skinfolds to be
:);slightly more compreéssible, ﬁcuévet\this is not a,

significant difference, — - o oo oo oo



In the study by Jones he had tried to explain‘his
finding that his nale skinﬁolds were nore conpreSSible than‘ B
the female skinfolds by p01nting out that the fenales in his '7f ;-
sample vere physical education students and thus v;?fl i
'vcoaparatiﬁﬁly more luscular in the legs than an averaqe
felale population. The sanple in this author's study was. of }7 I &
a sililar age to that of the sample- in the Jones study,v ) |
houever they were not physical education students, although -
sone of the felaleéﬂlu the'sa;pie were athlqtes of various .
types. In this author's study a sex effect had baen found -
althouqh only significant at the 0;10 lavel, thué-noif'
accepted as a significant differeucé; Jones found male
skinfolds to be more compressible than female skinfolds. The
majority of other studias,have,fonnd:that fenaleﬁskinﬁoid§WW”,;,HW”WEN,,;
are more conpressiblei although by the dubious analysis of, o |

compression percentages, It is therefore the contention of ‘ o E

this author that whether or not a sex effect is found and iu‘

which direction this effect is orientad} depends on the male

‘and female samples measured, uuscularity causiug‘incroaséd:i'
skin tension iiil decteaée c°|preSSibility thus a nuscula: E i. - a,,-é
femala qroup comnpared with an inactive ‘malea group uould  _,' (;_. o~
probably shdv felale skinfolds to be iess conpressioieﬁghan S
male skiufolds, and xice”ve:sa. The uain concgrntshould,be

that tte data is handled correctlyu_ié.'uy'takiugraccount of

skinfold thickness in analysis} and couching any statements




F o

" as to sex differences in terms of the samples measured,
. - e ,

- ’ ' y ’ L. TLE

. In consideratlon of the site differences

e

<-in§0lpressb111ty, it vas’ found that there was a 51gn1f1cant

S

"s;te»difﬁerence vhen co ress&bn percentage analy51s was

applled. However vhen DT/ZT analysxs .was. applled the

’difference was found not to be sxgnlflcant ‘at the 0 05 level ,

(p oosu). Pigures 13 and 14 show the regresélon lines for,

DT VEESHSVZT for each site for males-and felales

:\_ -

,respectlvely. By the study of these lines it could be sean

— ‘

that there vas a trend for differences in compressibility at

each site. In both males and females the.madial calf site

vas the'lost.conpressibler?that is there is a Higher DT for

o

‘any given ZT value,.In the case of‘sitefdifferendes it vas

[

also the contention of this author that any investigation

EIEY

into compressipility skould -take into account the effects of

skinfold thickness.r



- 7 CONCLUDING DISCUSSION

- -
— K -

The main ail'of'tﬁis_thesis vas to determine the

feasibility of developiag a caliper technique for tﬁgﬂﬂ

L3

estination of uhConpreseed’sktnfold thickness. By its very

nature a skinfold caliper had to exert a finite pressure on
the skin in order to make a readirijs\keyever this caused a

"_problen in that different sklnfolds responded in dlfferent
vays to ghe saee pressure. It has- been acknoiledged in the
- literature that'therervas variation in the degree of
coapression in skinrolds. Tﬁls yariafion in coupressibility
was one of the accepted criticisms-of estimation of ;
/seﬁeezaneeus'fet by skinfold. Caliper leasurelent. This
author set out to develop a calrper leasnrelent technique :
that vould take into account variations in skinfold.
co-pressibillty and produce an estimate of uncompressed
SEinfoiﬁftiiéknesé. Tb,this_enﬁ a,staedardieed 3 caliper

technique was developed. The stendardised"3 éaliﬁdr

technigue involved the measurement 6f a skinfold with three

Harpenden skinfold celipers which exerted three different

- pressures, ie. 5, 10, 15 xto‘ﬂif. The skinfold vas measured

firstly vith the 5 x10*¥s" caliper, and then after a one

Aiiaetemeerieﬁ—ves?ieesnred—vithhthe—#ﬁ—t%ﬂihii—ealiperr—*“f
After a further one minute delay the skinfold was measuged

"with the 15_:10'!i§ caliper. Pros this data a siipiemi'
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P
<
L

P

&
reqression analysis was carried out betueen log 10 skinfold
thickness and caliper pressufe. The antilog of the intercept
of this line was tersmed 2T, and represented the estilated

uncolpressed skinfold thickness. : A ; T

In the develop-ent of this technique several factors

had to be- taken into account:
1y A finite tile vas required for the skinfold to return
to nerialrefter measurement ®ith a caliper, due to
uater expulsion during leasurelent. |
’2) The order of applicatdon of the calipers lay have
aifected the caliper réadlngs.
';3)Vraeproduc1bilit} of skiufold leasurenents was better

, when sites vere marked.

rheiskinfolds were cieariy marked with a crossflark
sade at the point of applicdrion of»the‘caliper. This uas"to.
ensure thdrfrhe sare‘skinfcld ias-neasdred by,e;ch of the
three calipers, - il_-i o B o - :

-~

‘One vould have to have allowed about 20 ainutes for the

| skinfold to recomz; nﬁ:erjacb calipeupplicaj:inn, ihns_the;,,cf,,,,,f_,ig

techrique uould have required one hour to ndgshre one

kinfold. rhis ohviously uould not have been a very °

S -
';:¥ractical time constraint. Thus to keep the length of time



‘\\ .

séént on each subject to ﬁ mainisum and also to acknouledgé
the(}iling effect on measureaments, a standard one ainute was
allowed between each measuresent, fThus this author
acknovledgad that the skinfold had not fully recbvered vhen

theﬁfhxt caliper was used, However one minute was allowed

for recovery after each leasbrelenf; thus standardising the

effect on measurements,

It vas decided that the order of presentation of

‘ -2
calipers would be 5 then 10 then 15 x10¢ul . however the

~author acknowledged that there might be an effect due to

order of measurement and thus carried out a small pilot

study to test for this pffecf. It vas found that there vas

no siénifi'cant differences between measurements and thus -

this author decided that the most sensible order of
presentation would be to use the lightest pressure first and
the heaviasfllast. Thus the author adopted 5,’10, 15 as the

standardised order.

Having taken the previously mentioned factors into

account, the 3 caliper technigue was standardised. Froa the

3 éa;iper technique an estimate of uncoarressed skinfold

thickness was made. Before any technigue can be used in
research it aust be validated against a-crit;Fion technigue.

In Part I of this thesis the validity of the/uncompressed.



Ao

E the\caliperér;eﬂSure'a*ﬂouble”thickneés of skin plus

~ skinfold thickness was tested., The cfitéxion measure used

vas that of ultrasonic scamning estination of subcutaneous

fat depth (itéelf Béing‘validated by radiography).

“~"UOltrasonic scanning is becoming accepted -as a valid

tecﬁuigue for fat thickness'estiiations in humams. Since

subcutaneous fat, the uncoupressed skinfold thickness'was

- o

compared to twice the ultrasonic thickpess; It was found

that the uncompressed skinfold thicknéss prediction (2T) was

- indeed a valid measure of fatvthickness vlen compared to

twvice the ultrasonic estimation of subcutanaops fat'depth;
Therefore the author proposed that the 3 caliper»tgchnique

may be used to predict uncompressed skinfold thickness.

The int;rnatibnally accepgzd bélipér pressure w;s 10
x10%m ™" as proposad"by‘zdvardsjetral‘(1950)., As pointed-oﬁt
earlier, one criticism of a sxqgle callper measuresent was
that it was subjact to error due to varlatlons in skinfold
compressibility. 1In order to establish if the 3 caliper
technique had reduced this error in skinfold thickness

estilation, ZT vas correlated aith ultrasonic subcutaneous

caliper H(lO) vas also correlated vith UT. It was found
that 2T correlated better to UT than did H(10); this would

indicate a reduction in variance due to skinfold



,,COIpréssirility had occured, at least in part. Thus the
author concluded that the 3 caliper technique gave a valid

1 estimate of uncompressed skinfold thickness and did:scf~

having taken account.of some of the variance due to skinfold

'ccipressibilit} -

Part II of this study_was directed at the investigation
of the relationship betﬁeen conpressibility and skinfold
thickness., Clegg and Kent (3967) had proposed that there may
be a relationship between co-pression percentage and
skinfold thickness. Co-pressioa percentage should have been

independent of thickness according to dilensionalfty theory,

however it was shown that compression percentage vas indeed
I

/ .
’related to skinfol& ‘thickness, The Telationship wvas" shcvn to

be curvilinear. This indicated thgt any conc1u51ons from
previous studies based on the prellse that compression
percentage vas independent of thickness were now vulnereble
to criticiss.

A new measure of conpre551bility vas proposed as being

the. difference between ZT and the skinfold thickness

"~ measured by the’ﬁ;rpenden 10 x!O‘Hl caliper. It vas terled ' L

: Dt. ‘It vas shovn that there vas a good relationship with

skinfold thickness. fﬂis was then used in the third part of

the thesis to investzgate the effects of site and sex on

e N TS S VRO Y

|
vl i but
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skinfold coapressibility,

In part III hovever it was the anthor's intention to
show that the discrepencies in results that could occur by
agalysis of results by the traditional conpression}
percentage teehnique and‘the,neily‘prOPOSed bT/zf

relationship technique, rather"than to come to any

o

concluszon on sex and site differénces. o ~§%§

The study shoved that there vas no significant sex

differénéés however the'datd vere analysedg There was found

to be no significant site’ effect vith ‘the DI/ZT technigue.

But the Site effect was found to be 51gnificant vhen the

aata were analysed uith regaxd to. conpression,percenta9351

=

‘Thns it was the final conclusion of this author that any

investiqation into difﬁgrences due to sex or sxte should be C

analysed by the DT/ZT method, Also any gonclusions»about sex
or site differenées_shouldibe phrased in teras of the sanmple

measured. : o PO
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APPENDIX I

. -\'__‘
W‘-—_

TIHE lLLOHAECE BETHBEN REHE!SURBHEﬁTS WITH THE THRBE

CALIPER TBCHRIQUE (PILOT STUDY).V

. . . —~

A question that has been discussed in the literature is

’that of the time that should be ’'allowed betveen '
releasnrelents of skinfolds to give reproduczblo results.
Brozek and Kinzey allowed 30 linutes between. skinfold
)neasurelents at the same site, claining g%at this was ‘the
time period required for the skinfold to return to not-al.

‘> . i .
In undoculentad pilot stug%os the experllenter obse:ved thatrf~iwww~¥ﬂm—f

- a period of . 20 minates appeared to be long enough'%br the é
leasurelents to be reproduced.v - ﬁ
"2 i N . . ) = » .,._ E ;z

The 3 caliper technique is standardised so that each 3
“caliper leasutelents are made one aminuts opart. The - ‘ é

-
«

axperilenter acknoaledged that each measurement will ba

. affected by the previous one, however a standatdised .

techniqne was adopted and validated against uItrasonic

measurements., This standardised technique incorporates this

oy

timing effect.
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In order to test the reproducibility of skinfolds with
tvo.differeht time delays between. measurements the fblloﬁidg

tvo experilghts were carried out.

i) Twenty minute period betvéen reReasurenents,

®»

Six n&lé subjects, average age 21.655 d. yrs., age range

19,772 - 24,493 d; yrs., ¥ere measured withvthe 3 calfber
teéhhique at 5 sites; Subscapular, Triceps, Midaxillery,
'Snprailiag andruedial Calf, After a period of 20 ainutes
doring vhich théy restedignietly the Snbjects}ag:g § |
':éieasuredfﬁitﬁ,the'tgree,caliper'§§chniquélen analysis of
variance on skinfold thickness vith ¥st or 2nd reading as a
groupigé fadtof uasicarriqg_out; The re%ulis of the &9&1ysis
vere as folliows: - - S
aﬁp;a of skinfold thickneésrbj reading.

S.S. D.P. .S, P Sig

Reading Effect 1.460 1 1,460 0.114 04736
Residual 2282.901 178 12.826

Total - . -2288.801 179 12,762

. T
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1ny?ﬂ$£ati§tic,of 0.114 is produéedrby thiS'analysis.‘
This qiv§s a'probability'of 0.736 of Ehate,being,a B
difference between 1st and zga" readings of skinfold
thickness, Thus there is‘no siqnifiéant diffptence between

skinfold measuresents when a period of 20 lznutes is allowed

hetveen testings.,-;" SO o R .

‘2) Five minute period between 3 qaiiper techniqueqtéadinqsy

fa -
&

Bt T

On another salple of 6 lales, average age 22,310 de yrs., o o T
age range 19, u3o - 26 871 d. yrs., 5 minutes vas alloved

betveen 1st and an-reaaings with the 3 calipef»tachniqnegH e

™

The same five-skinfolds ‘were used. Agaln analysis of

variance vas carried out on the data and the results vere as

follovs, E - E
Anova of skinfold thickness bj raadinj. R ;

hd | | - - ( E

| S.S. D.F. H.S. F sig |

Roading Effect 0,591 . 1 - 0.59% 0,088 ——0.772 aiki,f,

Residual = ,17251;151,,,,‘ 178~ 7.0%0 g,f,ifi

Total 1248.388 179 6.974 ’ |
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An F .statistic of 0.084 was found showing that again

there was no significant difference betveen 1st and 2nd

Y

The experimenter thus concluded that there was no

significant difference between repeatad measurements with

the 3 caliper technigue when either a 5 0or a 20 minute

" period was allowved het'eenfleasurelénts; However when all

‘subsequent;dgtgnuag,collepted‘d 20 minute period was allquéd

between remeasurements,

G
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APPENDIX II

MODIFICATION AND CALIBRATION OF

THE THREE SKINFOLD CALIPERS

e lop g T T e ey

Three:standard Harpenden calipers were purchased.
These calipers exerted a constant pressure of 10 xlO*Niqf

over the jawv surfaces. This pressure was exerted by two coil

| N o
I | TR T T e SR TRY [REr-Apa

springs, On one of the éaiipers, one of the springs was
removed, This spring vas then added to the third caliper. It
vas necessary for an extra long post to be machined for

attachment of the third. spring. The experimenter nov had

three calipers, one with one sprxng one - with two sprinqs and
one with three. It wvas nov necessary to calihrate the -
calipers to determine the pressures exerted by them. This

vas carried out in the Human Biology Laboratory of

T

Loughborough University of'Technolegy, utilising their
standardiprocednre for cali;;er calibration,

o The. caliper was clalped horizontally on a retort stand.
A lzqht tinfdzsh snspendedAonffourhthreadsAlasehooked 0¥erfm~feWT;;euﬁ74;
~ the’ lower j11_snr£a;ernf,the,celipgrrrxhishdishrgirkngxnmrh4”ﬂrrrrTrrrﬁrw;
>weight acted as the scale pan to hold uezqhts taken frol a '”’;;% f7;5;£'

Echelical balance. iezghts were added to’the pan nntil the “{'59'7—
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jaw surfaces first opened. The ibtal weight of scale pan
plns weights vas recorded, The pressure of the caliper ias
desctibed(ih ferns of x10*88 "~  of jav surfacg area. The
'sutfaée area of the jdws wa§'90 as-, since they were 15 x 6
ma rectangular plates, Thus tq deterline caliper pressure
“the veightrreqdired to open the javs is divided by the jaw
surface area (90 ma%)., Each caliper was calibrated three
times as a check against error. The three calipers were .
found to exert pressures of 4.9, 10.0 and 15.1 x10*nm *
respectively, All three were within the allowable boundsﬁqf

error such as they could now be said to exert pressures bfv

5, 10, and 15 x10 Nm . S
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APPENDIX III

- STANDARDISATION OF ULTRASONIC MEASURES .

A great deal of practice was required before the
, experinegter.becane ofoficient at gaining repeatable

- . measurements of subcutaneous fat depth with the ulftasohic'

scanner, When taking a measurement it was neceSsdgi to press

firmly encugh with the transducer to ensure qood acoustic
condnction, yet lightly enough 35 that no compression of the
subcutaneous tissue occurted. This wvas achieved by o
,observatlon of the trace on the oscilloscope during
leasurenent. The%race appeared as a series of spikes risinq
vertically frOl'a base line. Each spike represented an
Vinterface betueen tuo tissues vith differing acoustic "
properties, The first"spxke~og the left is the 'main bang'
or zero point, representin§ £he snffaoe*of‘ehe skie.ﬁthe '
next spike to the righi is the_ stin/subcutaneons fef
_"'"““—--__

iuterface, the next is the fat/luscle interface. If the

experinenter pressed feirly ‘hard on the trensdncer the fat

thictness'wouiﬂ*appett“to'be"tednceﬂ “yet- tte’luscie /

\
IR P TR S

thicknessfsenldAbe—uneitesed1—ihen—a—reeding—ves—teken—the

i

. fat was slightly compressed then alloved to return to noruelm‘

by re;eaéinQ tﬁe.pressdre,on the,transdncer. Ifrthe pressure
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» . [

was reduced too auch acaustiC;conduéii;n ;15'destroyedand
the trace btoke dp-thus the'reaﬁing was taken at a point in
raleaée_of pressure jﬁst prior to the loss of acoustic

conduction., This ensured that the minimum possible pressﬁre

vas being exerted by the transducer.

’
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APPENDIX IV

THE EPFECT OF CRDER OF PRESENTATION OF
' CALIPERS IN THE 3 - CALIPER TECHNIQUE

(PILOT STUDY)

In the‘stap&ardised technigue the skinfold is first

' measured with the 5 x10*¥w “caliper, then with the 10
x10%ER - caliper and finally,uith the 15 x10* W™

caliper, each uitgia one minute interval., In ordér to show
if the orderfof prasentafioh of the calipers affected the

' measurements a small pilot study was carried out.

 Two female subjects vere measured at 5 skinfold sites;
Triceps, Biceps, Subscapular, Snpraiiiié and Aﬂdo;inal.,nach
subject vas first measured v.flr.th"the standardised 3 caliper |
technique., The snbject vas then remeasured one honr_latér
using the 3 calipers, except that this'ti!e,thé ca;ipefs
vere>pfesented in reverse order. Thus the 1511f0*ii;'

caliper was used first, followed by the 10 x10%Nm = and

S e , / :
Wthegs;xlofgnfLéalipsrw11thfamona;g;nnteuintexlal

between thenm,
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Using‘péired t-tests the caiipet:readings éiph the
standardised technigue aﬂﬂ”those with the reversed ronéine'
vere compared, There were_no'giqnifican; diffatencas found,
'bggieen‘the caliper reaﬁings with‘the stapdardised téchniqﬁe

@ﬁd\iith the reversed routine.
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P

‘S.?.U.SAHPLB'aBA!S AND STANDARD DEVIATIONS,

-Bean Age - 25.65 yrs. -

40 males - o ——
, ~
30 Pela;es - Nean Age 24;98 YIS,
ZT DT Ccz
. Bean S D Mean S D Hean S D
BALES
ALL SITES 13.1 5.8 3.9 2.2 28.4 8.0
TRICEPS 13,8 5.9 4.2 2.2 29.6 7.3
MEDIAL CALF 12.0 5.7 3.7 2.3 29.3 9.0
SUBSCAPULAR 13.5 5.8 3.7 2.2 26.2 7.1
PENALES |
ALL SITES 17.6 6.5 5.0 2.1 28.0 6.3
TRICEPS 20,2 6.0 5.6 1.7 28.3 5.8
MEDIAL CALP 18,7 5,2 s;e‘ 2.1 29.5 6.4
~ SUBSCAPULAR 13.8 6.5 3.7 2.0 26.1 6.4
ALL DATA 15.0 6.5 4.4 g&f\ 28,2 7.3

S



MALES |
ALL SITES
TRICEPS
MEDIAL CALP

SUBSCAPULAR

~PEMALES
 ALL SITES

TRICEPS

MEDIAL CALF

SUBSCAPULAR

ALL DATaA

HS5

S H10

‘Mean S D Mean S D

11,6

12,2

10.5

12.1

1501 ’

18.0
16.7

'2.5

13.3

5.7

12.6
14.5
13.1
10. 3

10.7

! .
T @ O @

4.7

H15
Mean S D
‘ 1
8.7 4.3
9,0 3.5
1.7 3.6 -
9.3 3.5
$11.8 4.5
13.6 4.6 . | , %
12,2 3.7 |
9.6 4.3
10.0 4.3
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4

LOGﬁBOBOUGH SAMBLE MEANS ANT STAlblRD DEVIATIONS.

: Lo
13 Males - Mean Age ‘\‘23.2 yrs.

15 Females - Hean Age 22.0‘ YIS. k .
zT . CZ . DT

Mean S D Mean S D Mean S D

MALES - L %
ALL SITES 10.6 5.1 25.7 7.0 2.9 1.8 i%
BICEPS 5.7 3.1 26,7 8.8 1.6 1.4 g
TRICEPS 13,1 5.1 27.9 4.2 3.8 1.9 . %
CLATERAL CALP 12.7 4.9 28.1 5.9 3.6 1.8 B — é%
BEDIAL CALF 10.8 5.0 26,9 8.7 3.1 1.9
MIDAXILLABY  9.8°~4.3 21.6 7.6 2.3 1.5 o
SUBSCAPOLAR 10,9 2.4 21.0 4.9 2.3 0.9 . 'Vf

SUPRAILIAC 12.7 6.6 29.4 3.7 3.8 2.3

L




- PEMALES

ALL SITES
BICEPS
TRICEPS
LATERAL CALF
MEDIAL CALF
MIDAXILLARY
SOBSCAPULAR

SUPRAILIAC

ALL DATA

MALES
ALL sxrzs‘
éxczps
TRICEPS
LATERAL CALP
MEDIAL CALF
BIDAXILLARY

SUBSCAPULAR

SUPRAILIAC

16.3
10.7
22a?‘
17.6

20.4

11.9

15.7

15.5

13.7

B

Mean

7.3
8.1
9.3
8.9
7.7

8.6

8.8

7.5 2

19

&P

3.4

'y

57

s D

.
28,0 7.3 4.5 2.2
32,4 8.2 . 3.6 1.9
25.6 3.8 5.5 1.5
22.9 3.6 4.0 1.1
27.7 3.7 5.7 1.9
27;55 7.6 3.5 2.4
25.2 5.2 4.1 2.3
34.9 9.6 5.5 2.7

"'26.9 7.3 3.8 2.2

HS 15

Hé;nw'éwﬁ '~ Mean
9.6 4.4 7.4 3.0
.1 2.5 3.8 1.5
11.6 4.2 8.7 2.8
1.1 4.1 8.3 2.8
9.6 4.3 7.2 3.0

8.9 3.8 7.1 2.8
0.0 2.0 8.2 1.5
1.2 5.6 8.2 3.9

L



FEMALES
ALL SITES
BICEPS

TRICEPS

1.7

7.2

16.5

LATERAL CALP 13.6

MEDI AL CALF

MIDAXILLARY
SUBSCAPULAR

SUPRAILIAC

ALL DATA

14,7

8.5
11.6
10.0

9.9

4.9

4.4

9.2
19.8
15.8

1841
1046

14.1
13.3

12,2

5.9

10,9

‘6.5
15.5
12.5
13.7

8,0

10.9
9.3

-
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