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Fig, 1., Distribution of skinfold measurements (sum of three
gites) showing the guartiles to be used in classification
of the three experimental groups.( Males: data obtained in
the preliminary investigation )
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Fig. 2., Distribution of skinfold measurements (sum of four
sites) showing the gquartiles to be used in classification
of the three experimental groups. ( Females: data obtained
in the preliminary investigation )
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in the present study.
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Fig. 4. Soft tissue X-ray unit in use, showing the
protective device.
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Fig. 5. X~ray image of the subcutaneous fat with the
aluminum disc showing the correction factor of the
image and the exact site measured by the calipers.
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(1) (2) (3) (4)
Site Forearm Triceps Biceps Calf
Sub, (um) (mm) (mm) (mm)
Group \ Calipers KEYS EIKEN KEYS EIKEN KEYS EIKEN KEYS EIKEN
X 3,49 3,43 4,14 4,08 2,41 2,38 6,55 6,55
Male A 8D 40 42 .48 45 .30 ,28 2,01 2,02
( N=33 ) r . 9713 . 0663 .9193 .9958
t 3,407%% 2,738% 1,430 0
X 4,52 4,49 6,36 6,14 3,32 3,29 8.18 8,29
Male B 8D .96 .99 1.63 1.54 .91 .88 2,12 2.18
(N=33 ) r .9931 .9840 L9846 L9951
t 1.430 4,187%% 1.061 2.,812%%
X 8,65 8,62 12,97 12.87 7.00 7.03 17,38 17,50
Male C 8D 2,51 2,45 3,50 3.45 3.30 3,36 3,58 3,61
(N=30 ) r .9984 .9990 - 9974 ,9969
t 1.06% 3.297%% .653 2.,272%
z 7.7. 7.73 13.69 13,51 6.46 6,44 13,28 13,39
Female A 8D 1,41 1,45 2.90 2,99 1,79 1.77 1.87 1,90
( N=25) »r . 9956 .9972 .9939 .9896
t .698 3,705%* .495 1,969
X 9,88 9.88 18,07 17,77 8,51 8,46 16.42 16,57
Female B 8D 1.50 1.58 2,34 2.31 1.74 1,66 2.37 2.45
( N=31) .9929 .9779 .9850 .9857
t 0 3.456%% .898 1,978
X 13,54 13,55 25,09 24.78 13,24 13,24 22,93 22,901
Female ¢ 8D 3.14 3,22 4,36 4,45 2,92 2.83 3.98 3.83
( N=26 ) . 9985 L9971 .9926 . 9935
t .261 4, L24%% 0 .229
*x ,0L level of significance
¥ .05 level of significance
Table 1.

Comparison between the skinfold readings taken by the
calipers of two different design,
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(1) (2) (3) (4)
Site Forearm Triceps Biceps Calf
Sub. (mm) (mm) (mm) (mm)
Group 1st 2nd lst 2nd 1st 2nd ist 2nd
Mal A X 2,373 2,405 3,176 3,217 2,286 2,335 4,563 4,600
(aNeSS ) SD 292 2 326 651 » 032 2484 <445 1,084 1,087
= r .9140 L9712 .0533 .9888
Male B X 3,149 3,197 5,073 5,151 3,563 3,602 5,152 5,199
( N=33 ) SD « 545 . 565 .974 .973 . 930 . 938 1,170 1.1el
r . 9946 . 9958 . 9946 . 9964
Male c X 4,918 4,900 7.980 7.973 6,191 6,196 7.305 7,517
( N=30 ) SD 1,175 1.181 1.696 1,711 2,314 2,303 1,406 1.402
r . 9985 29994 . 9997 . 9993
‘Female A X 5,463 5,472 10,709 10,699 7.419 7,432 7.780 7,781
”( N=25 ) SD 1,057 1,048 2,146 2,159 2,085 2,098 1,100 1,102
r . 9996 . 9998 . 9999 » 9999
Female B X 6,497 6,497 12,849 12,843 8,398 8,388 §.,682 8,677
( N=31 ) SD .889 .888 1,899 1,893 1,344 1.336 1.525 1.516
r . 9999 . 9909 . 9999 - 9999
Female © X 7.900 7,907 16.901 16,888 11,506 11,504 10,862 10,857
( N=26 ) sD 1,773 1,775 3,626 3,620 3.233 3,232 1.875 1.873
r . 9999 92999 » 99989 9999
Table 2,
Reliability of subcutaneous fat readings taken
on the same X-ray film.
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Sub, Film 1 Film 2 r
Group (mm) (mm)
Male A X 2.391 2,414

(N=38 ) SD  .303 .287 - 7716
Male B X 3,178 3,171 0428
( =83 ) 8D .557 .620 .
Male ¢ X 4,912 4,904 L0951

( N=30 ) sD 1.l187 1,187

Table 3.

Reliability of subcutaneous fat readings
taken on the two X~ray films exposed
successively at the forearm of the male
subjects,
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: (1) (2) (3) (4)
Sub.\\\\ Site Forearm Triceps Biceps Calf
Group (munr) (mm) (mm) (mm)
Male A X 3,46 4,11 2,39 6,55 |
{ N=33 ) SD 241 46 229 2,01 |
Male B 4 4,50 6.25 3,30 8,24
( N=33 ) SD 097 1059 Q&Q 2915
Male C X 8,63 12,92 7,02 17.44
( N=30 ) SD 2.48 3,47 3,38 3,59 |
Female A X 7.72 13,60 6,45 13,34
( N=25 ) SD 1.43 2,95 1,78 1.89
Female B X 9.88 17,92 8,48 16,50
( N=31 ) SD 1.54 2,33 1.70 2.41
Female C X 13,54 24,93 13,24 22,92
( N=26 ) SD 3,18 4,41 2,88 3,81

Table 4.

Means and standard deviations of skinfold
measurements as averaged the readings by
the two calipers.

Fig. 6. Distribution of skinfold messurements taken by the
calipers (sum of four sites) of each experimental group.
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(1) (2) (3 (4)
Subc\\\ Site Forearm Triceps Biceps Calf
Group (om ) (mm) (mm) (mm)
Male A X 4,810 6,458 4,626 9,168 f
( N=33 ) SD .548 1,232 ,916 2,164 |
Male B X 6.354 10,228 7,168 10,356 j
(N=33 )  SD 1,156 1.944 1.868 2,326 5
Male ¢ X 9,822 15,958 12,392  15.026 ‘
3 ( N=30 ) SD  2.346 3,410 4,616 2,810 :
§ Female A X 10,988 21,412 14,854 15,566 i
| ( N=25 ) SD 2,106 4,308 4,182 2,196 ;
§ Female B T 12,99 25,696 16,790 17,362 ]
j ( N=31 ) SO 1,778 3,79 2,676 3,046
? Female C X 15,812 33,794 23,014 21,724
;: ( N=26 ) SD 3,548 7.246 6,468 3,748
w
. Table 5.

Means and standard deviations of subcutaneous fat
measurements as determined by the X-ray film i
readings. ( doubled value ) i
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Fig. 7. Distriﬁutian of subecutaneous fat measurements

taken from the X-ray films (sum of four sites) of each
experimental group.
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(L) (2) () (4)
Sub)\\ Site Forearm Triceps Biceps Calf
Group \ Calipers KEYS  EIKEN KEYS  EIKEN KEYS  EIKEN KEYS  EIKEN
A 72,6% 71.3% 64,1% 63,2% 52,1% S5l.4% TLo4% Tl.4%
Male B 71,1 70,7 62,2 60,0 46,3 45,9 79.0 80,1
c 88,1 87,8 81,3 80.6 56,5 56,7 115,7 116,5
ave, 77.3 76,6 69,2 67,9 51,6 51,3 88,7 89,3
A 70,5 70,7 63,9 63,1 43,5 43,4 85,3 86,0
Female B 76,0 76.0 70,3 69,2 50,7 50,4 94,6 95,4
¢ 85,6 85,7 74,2 73,3 57.5 57,5 105,6 103,5
ave, 77.4 77,5 69,5 68,5 50,6 50,4 95,2 93,6
Table 6.

Average percentages of the caliper readings to the
doubled X~ray film readings at the four sites.
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(a) ()
X-ray Film Caliper 3) X 100 )
Sub. X Total X Total Diff. (&)
Group () (mm) (mm) (mm)
A (33) 25,062 16.51 8.552 65,9%
Male B (33) 34,106 22,29 11,816 65.4
¢ (30) 53,198 46,01 7.188 86,5
A (25) 62,772 41,11 21,662 85,5
i\~ Female B (31) 72,842 52.78 20,062 72,5
¢ (26) 94,344 74,63 19,714 79.1
Table 7.
Average percentages of the caliper readings to the
doubled Xeray film readings:{ sum of the four sites )
| ,
, § )
g [/ Owmt F)‘\{f%\, ’(5”0\/5 ZDmom 'E/‘T/(ét\ :FE!%

T@, 3 jeLrEeslens, ok
MNP =4%2 REAR v+ RTBRER
i’/{‘&ﬂé‘ﬁl‘i =P T B )EE 2 @ 2 BHRE: Lz v .
2, XARAE 2T B b ) S - [Boa¥| B HE
WEHEa ) HBE 5 - 7 FE R T
HiBRl eI LT wr, 3 1 # ) /- s ;,,f
TEHE e BT o B FNENT 0 BHEF =
5\4 PR POM IR 76 v B2 5, X-BIE -G 3
5,770 ) 16— B ~B| - 0 - e} =& L/)c'crfa%%’o\E




; < ¢-3 e,

=, BaC oY o 7L - ST K 7
FIEE R R L e % |

(¢ > HF ooyt ¢ B /E‘JK’J e X *%'47
f’A:Luw‘bwaTﬂAEwﬁﬁm |
42@0\4?‘/6'#!!/\*&«&'»1/"2%_*}“7'
ﬁﬁefé,hiﬁt X-E& 74 L orix & % Bl -FPiE s ﬁ
% & ) Em}’:a’\ujgrj: o1 KBy . By L -
e Zable B 27 3 A,

(1) (2) (3) (4)
Site Forearm Triceps Biceps Calf
X=ray Film X=-ray Film X=ray Film Xeray Film
Sub, Vs. Vs, Vs. Vs,

Group(N)\ Calipers KEYS EIKEN KEYS EIKEN KEYS EIKEN KEYS EIKEN

A(33) .4055 ,3740 4568 4640 »9290 ,5318 .6292 ,6490
Male  B(33) . 7277 ,7130 .8917 ,8648 .6493 ,6169 .5482 ,5545
€(30) .8888 ,8928 .8260 ,8299 .8548 ,8456 . 92547 5530

A(25) .809L1 ,8072 .7488 ,7454  ,6116 6171 ,6588 ,6390
Female B(31) L4725 L4684 4691 4362 .4740 ,5250 .6280 ,6712
c(28) 7791 7757 .5952 ,5991 <7142 ,7103 .5949 6171

Table 8.

Correlations between the X-ray film readings
and the skinfold measurements taken by the
two calipers,
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Site
Sub,

Group(N) ® Calipers

(L)
Forearm
X~-ray Film
Va,
KEYS EIKEN

(2)
Triceps
X=ray Film
Vs.
KEYS EIKEN

3)
Biceps
X-ray Film
Vs,
KEYS BIKEN

(4)
Calf
L=ray Film
Vs,
KEYS EIKEN

Male

Female

(96)

(82)

9412 ,9417

.8338 ,8313

,9391 ,0363

.8130 ,8110

8079 ,9022

. 7848 7881

.8150 8171

.7897 8004

Correlations between the X-ray film readings andftﬁé,

Table 9,

skinfold measurements taken by the two calipers for
the total group, i.e. disregarding the experimental

subgroups.
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COMPARISON OF PINCH-CALIPERS AND SOFT TISSUE X-RAY
MEASUREMENTS OF SUBCUTANEOUS FAT

Hiroshi Yoshigi

In accordance with the quartiles in the distribution of
subcutaneous fat measurements which had been determined by a
preliminary investigation, total of 96 male and 82 female
college students aged 18 -~ 22 years were selected to form
three experimental groups classified in terms of the degree
of their subcutaneous fat accumulation. On these experi-
mental groups, skinfold measurementskﬁaken by the two calipers
of different design and the subcutaneous fat readings taken
from the soft tissue X-ray films were compared at the four
sites of the body ( forearm, posterior upper arm, anterior
upper arm, and posterior lower leg ).

Upon the results thus obtained, the following observations
were made:

1) Although the coefficients of correlation between the
measurements ‘taken by the two calipers experimented were
guite high ( .96 and higher ), the relative difference in
the subcutaneous fat measurements at different sites of the
body resulted a slight variation in these vélues ( differ—
ences %ere O«3 mm. and higher ), The variance in the
tension of the skin éurface or the compressibility of the
tissue seemed to exert some influence on the measurements

produced by the two calipers.



C b0

2) Reliability of the readings taken on the X-ray films
wag quite high for the groups having the greater amount
of subcutaneous fat ( in all sites the coefficients ex-—
ceeded .99 ). However, for the male subjects having
smaller amount of fat, the reliability was relatively low
( ranged from .91to .98 )

3) Skinfold measurements taken by the calipers were smaller%
than the doubled values of the X-ray film readings. |
Percentage values of the calipers measurements to the |
X~-ray measurements varied from 504618 95% for the different
sites of the body.

4)  The constant pressure ( 10 gram/mm*) presumedly exerted
by the calipers tended to compress greater amount ( in
absolute value ) of skin plus subcutaneous fat in females
than in males« - For the summed value of the four sites,
the tissue compressed by the calipers pressure was esti-
mated approximately to be 10 mm. for the males, whereas
for the females, the value was approximated to be 20 mm.
Thus, the greater amount of subcutaneous fat accumulation
in females tended to be expressed more conservatively
when the measurements were taken by the calipers.

5) Due to the extremely wide range in the distribution of

subcutaneous fat measurements, the coefficients of

correlation between the calipers values and the X-ray



values may be said to be spuriously high ( «78~.94 )

when they were computed for the samples taken from the
entire population. These coefficients, when computed
within the homogeneogs groups, were much lower ( «37~ .89 )«
Especially within fthe groups having the smallest range of
variance in this measurements, where the greater part of
the normal population belongs, these correlations were

congiderably low.
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