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ABSTRACT

The importance of body composition measurements to elucidate the dynamics of related diseases in pediatrics is gain-
ing recognition. The methods used should not expose subjects to high doses of radiation and require substantial coopera-
tion. The Lipometer is a new optical device that enables the non-invasive, quick and safe determination of the thickness
of subcutaneous adipose tissue (SAT) layers (in mm) at any site of the human body. The topographic specification of 15
evenly distributed body sites, which makes it possible to precisely measure subcutaneous body fat distribution, is called
subcutaneous adipose tissue topography (SAT-Top). SAT-Top was determined in more than 1000 children and young
adults between the ages of 7 and 21. In this paper we describe the SAT-Top development of these subjects through differ-
ent age groups and the differences between male and female SAT-Top development in each age group. SAT layer profiles
(medians of the 15 body sites) for boys and girls in age group 1 (7-9 yrs) show a very similar pattern for both sexes, fol-
lowed by slightly decreasing SAT layer thicknesses in boys and increasing values in girls in the subsequent age groups.
Between age group 3 (11-13 yrs) and age group 7 (19-21 yrs) male and female SAT-Top is significantly different. The
discriminating power between male and female SAT-Top was investigated by stepwise discriminant analysis, which pro-
vided no significant results for age group 1 (7-9 yrs), about 73% correct classification for age group 2 (9-11 yrs) and 3
(11-13 yrs), 83% for age group 4 (13-15 yrs), and about 91-93% for the following age groups (15-21 yrs).It is known that
SAT development is the same in both sexes until puberty, when girls gain relatively more fat mass than boys to reach a
higher body-fat percentage as adults. This paper presents a precise description of SAT development in boys and girls
from childhood to adolescence, which provides a basis for further investigations.
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Introduction

Interest in the field of pediatric body composition is
growing because the study of changes in various com-
partments of fat helps to elucidate the dynamics of re-
lated health outcomes. There are different methods for
assessing body composition in children: densitometry, 2H
dilution, total body K, dual-energy x-ray absorptiometry
(DXA), anthropometry and bioelectrical impedance anal-
ysis (BIA). Some of these methods are expensive, techni-
cally awkward and impractical for use in a field study.
Exposure of pediatric subjets to high doses of radiation
(computed tomography) should be avoided. DXA pro-
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vides a minimal amount of ionizing radiation exposure
that is equivalent to 1% of the radiation exposure from a
chest X ray; however, the risks versus benefits of body
composition assessment must be considered. Skinfold
measurements have been recommended for the assess-
ment of fat mass (FM) in children!-% However, the accu-
racy of this field method in terms of measurements of
FM depends on an appropriate prediction equation.
Therefore, SAT topography in children seems to be an in-
teresting approach. The optical device LIPOMETER (EU
Pat.No. 0516251) provides non-invasive, quick, precise
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and safe measurements of subcutaneous adipose tissue
(SAT) layer thicknesses at any site of the human body. Its
technical characteristics and validation results using
computed tomography as a reference method have been
presented before®".

Previous results® !0 confirmed the importance of de-
scribing the subcutaneous fat distribution in the field of
obesity and metabolic disorders of adults and during
growth!'13, In the present paper, we focus on children
and young adults: deviations from a »healthy« or non-
-obese SAT-Top pattern might have their roots in child-
hood. This period is a sensitive time for the development
of characteristics, e.g. the well-known »masculinizing
process« in the subcutaneous fat development of adults!
that predisposes one to the chronic diseases of aging. As a
first step, which provides a basis for further investiga-
tions in this field, SAT-Top was determined in more than
1000 children and young adults between the ages of 7
and 21. We present body composition as a function of age,
analysing
1.) their SAT-Top development through different age

groups
2.) the beginning of the sexual differentiation in the sub-

cutaneous fat development of both sexes, and

3.) the differences between male and female SAT-Top de-
velopment in each age group.

Materials and Methods
Healthy subjects

The participants and their parents were consented to
the study after full explanation of the protocol by a physi-
cian. The procedures were in accordance with the Decla-
ration of Helsinki and the local ethics committee recom-
mendations.

Height was measured using a stadiometer (SECA®-220,
Hamburg, Germany), and body weight was determined
by a Soehnle® scale (Soehnle® 7700, Murrhardt, Ger-
many). Height, weight and SAT-Top were measured in
1026 healthy boys and girls between the ages of 7 and 21,
who were recruited in different schools, mainly from ur-
ban areas, and at university. This dataset was divided
into seven age groups (groupl: [ 7-9] yrs, group2: [9-11]
yI8,..., group7: [19-21] yrs) for each sex!'>-16,

Measurement of subcutaneous adipose tissue
topography (SAT-Top)

To determine the thickness of a SAT layer (in mm),
the sensor head of the LIPOMETER is held perpendicu-
lar to the measured body site. Light-emitting diodes illu-
minate this SAT layer and a photodiode measures the
corresponding back-scattered light intensities. These
light signals are converted into a SAT layer thickness'”.

SAT-Top consists of a complete cycle of 15 SAT layer
thickness measurements (in mm) at specific body sites
distributed evenly from neck to calf on the right side of
the body, while the subject is in standing position (Figure
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specified body sites

1 - neck

4 - upper back
2 - triceps

9 - lower back
13 - rear thigh

15 - calf

6 - lateral chest
10 - hip

12 - lateral thigh

5 - front chest

3 - biceps

7 - upper abdomen
8 - lower abdomen
11 - front thigh

14 - inner thigh

Fig. 1. Fifteen specific body sites for measuring the SAT-Top of
the human body (Reprinted from Méller et al.f).

1). The time consumption is about two minutes for the
SAT-Top determination of a person. The LIPOMETER is
connected to a PC, which stores the data measured.

Statistics

Statistical calculations were performed by SPSS for
WINDOWS. The hypothesis that the variables would be
normally distributed was tested by the KOLMOGOROV-
-SMIRNOV test, in which a p-value < 0.05 was consid-
ered to be a significant deviation from normal distribu-
tion. Most of the 210 tested distributions (15 SAT-Top
values * 7 age groups * 2 sexes) were non-normal, and
thus the median and non-parametric tests, namely the
Mann-Whitney U-test for two independent samples and
the Kruskal-Wallis H-test for more than two independent
samples, were applied to describe the distributions of
SAT-Top values and test the significance of differences
between them.

Finally, stepwise discriminant analysis was used to in-
vestigate the discriminating power between male and fe-
male SAT-Top in all age groups.
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DEMOGRAPHIC CHARACTERISTICS (MEAN+SD) g}é];;JZE BIOYS AND 444 GIRLS FOR SAT-Top MEASUREMENT
Boys
Age group N Age (yrs) Height (cm) Weight (kg)
Groupl: [7-9] yrs 39 8.0+0.5 132.5+7.3 29.5+6.5
Group2: [9-11] yrs 53 10.0=0.7 140.2+7.1 33.6+x6.4
Group3: [11-13] yrs 155 11.9+0.6 149.6+8.0 40.4=8.8
Group4: [13-15] yrs 158 14.0+0.5 164.8+9.5 53.5+10.5
Group5: [15-17] yrs 86 15.9+0.6 174.8+6.4 63.2+8.2
Group6: [17-19] yrs 66 17.9+0.6 178.7+6.8 69.6+8.0
Group7: [19-21] yrs 25 19.7+0.5 180.7%£5.9 72.3+6.9
Girls
Age group N Age (yrs) Height (cm) Weight (kg)
Groupl: [7-9] yrs 31 7.9+0.6 127.3+6.0 26.2+5.1
Group2: [9-11] yrs 39 10.1+0.6 140.1+6.7 33.5+6.9
Group3: [11-13] yrs 117 12.0+0.5 152.6x7.9 44.0+10.2
Group4: [13-15] yrs 114 14.1+0.6 163.3+6.0 52.9%+9.0
Group5: [15-17] yrs 84 15.8+0.5 166.2+6.6 57.8+9.2
Group6: [17-19] yrs 38 17.8+0.6 167.1+8.5 60.8+12.0
Group7: [19-21] yrs 21 20.1+0.6 167.9+6.5 57.6x7.1
1-neck 4-upper back 2-triceps 3-biceps
14 14 14 14
12 12 12
10 10 10
8 ) 8 8
mm 6 girls mm 6 - mm 6 =
4 4 4
2 boys 2] boys 2 boys
0 0 0
A LA A A A 2% 3% 4% st o6t 7 gt gt st o o
age group age group age group age group
Fig. 3. Medians of body sites of the arm (2 - triceps, 3 — biceps) for
5-front chest 6-lateral chest boys and girls of seven age groups. Medians of marked age groups
14 14 (*) are significantly different for boys and girls by Mann-Whitney
i3 P U-test (p<0.05).
10 10
8 e 8
g mm e ents the medians of the 15 SAT layers for boys and girls in
4 4 ﬁgms :: seven age groups. The medians of boys showed a slight de-
2 ey 21 " crease from age group 1 (7-9 yrs) to age group 5 (15-17
0 1 0 yrs) for all SAT layers, which were assigned to four body
12 3% 4 5% 6t 7 L A regions for presentation: the upper trunk (I — neck, 4 — up-
age group age group per back, 5 — front chest, 6 — lateral chest) (Figure 2), the

Fig. 2. Medians of upper trunk body sites (1 — neck, 4 — upper

back, 5 - front chest, 6 — lateral chest) for boys and girls of seven

age groups. Medians of marked age groups (*) are significantly
different for boys and girls by Mann-Whitney U-test (p<0.05).

Results

The demographic characteristics of the 1026 children
and young adults are presented in Table 1. Table 2 pres-

arms (2 - triceps, 3 — biceps) (Figure 3), the lower trunk (7
— upper abdomen, 8 — lower abdomen, 9 — lower back, 10 —
hip) (Figure 4) and the legs (11 - front thigh, 12 - lateral
thigh, 13 - rear thigh, 14 — inner thigh, 15 - calf) (Figure
5). Between age group 4 (13-15 yrs) and 5 (15-17 yrs) we
observed significant decreases (by Mann-Whitney U-test,
p<0.05, underlined values in Table 2) in all SAT layer
thicknesses. Age group 5 (15-17 yrs) was the minimum
for all values. Afterwards we found slightly increasing re-
sults for age group 6 (17-19 yrs) and 7 (19-21 yrs).
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TABLE 2
SAT-Top MEDIANS OF BOYS AND GIRLS IN SEVEN AGE GROUPS. SIGNIFICANT IN-/DECREASES BETWEEN TWO
SUBSEQUENT AGE GROUPS ARE UNDERLINED (MANN-WHITNEY U-TEST (P<0.05))

Boys 7-9 9-11 11-13 13-15 15-17 17-19 19-21 Yrs
1 - Neck 1 4.2 3.2 3.1 3.1 2.6 3.0 3.8
2 — Triceps 8.3 7.6 7.2 6.3 4.2 4.5 5.1
3 — Biceps 3.9 3.4 3.3 2.7 2.4 2.4 2.9
4 — Upper back 2.8 2.8 2.7 2.7 2.3 2.6 2.7
5 — Front chest 4.2 3.8 4.0 3.8 3.0 3.0 3.5
6 — Lateral chest 2.3 2.3 2.4 2.5 2.2 2.3 2.9
7 — Upper abdomen 3.2 3.1 3.1 3.2 2.6 2.9 3.9
8 — Lower abdomen 5.0 4.9 4.8 4.8 3.0 3.2 4.0
9 — Lower back 4.9 4.7 4.6 5.1 4.5 4.8 6.0

10 - Hip 4.3 3.8 4.1 3.8 3.5 3.7 4.8

11 - Front thigh 5.8 5.4 5.2 4.1 2.8 3.2 3.1

12 - Lateral thigh 6.4 6.3 6.7 5.5 3.5 3.8 4.0

13 — Rear thigh 4.5 4.7 4.2 3.7 2.8 2.8 3.4

14 - Inner thigh 7.4 7.5 7.2 5.7 3.3 3.4 4.3

15 - Calf 5.0 4.5 44 3.5 2.5 2.4 3.0

Girls 7-9 9-11 11-13 13-15 15-17 17-19 19-21 Yrs
1 - Neck 1 3.2 4.1 4.6 5.3 6.2 5.9 6.9
2 — Triceps 7.5 8.7 8.9 8.7 11.2 10.2 12.1
3 - Biceps 3.5 4.5 4.8 4.3 5.9 4.5 4.8
4 — Upper back 2.9 3.5 4.3 3.9 5.3 49 5.7
5 — Front chest 3.5 5.5 6.7 5.7 8.6 7.1 7.3
6 — Lateral chest 2.2 2.9 3.8 3.5 5.4 4.5 4.0
7 — Upper abdomen 3.2 4.4 6.9 6.6 10.1 8.1 9.8
8 — Lower abdomen 4.2 6.6 8.6 7.9 8.8 74 8.8
9 — Lower back 4.5 6.7 7.6 7.9 9.9 8.2 94

10 - Hip 3.8 5.7 6.3 6.7 9.0 6.6 7.9

11 - Front thigh 5.9 7.0 6.7 7.3 7.8 8.8 10.3

12 - Lateral thigh 6.6 7.4 7.7 8.0 8.4 94 9.6

13 - Rear thigh 4.1 5.1 5.0 5.4 5.4 6.1 5.9

14 - Inner thigh 7.4 7.6 8.4 8.6 9.6 104 10.8

15 - Calf 3.9 4.0 4.5 4.6 4.5 5.3 5.7

1 SAT thickness of 15 body sites in mm

Girls, on the contrary, showed increasing medians for
all SAT layers of the upper trunk (Figure 2), the arms
(Figure 3) and the lower trunk (Figure 4), whereby the
values in age group 5 (15-17 yrs) culminated in a slight
maximum. We found most of the significant increases be-
tween age group 4 (13-15 yrs) and 5 (15-17 yrs). All SAT
layers of the legs slightly increased through all age gro-
ups (Figure 5). Though there were no significant differ-
ences between two subsequent age groups (except for one
exception), the whole increase through all age groups
was significant for all SAT layers of the legs (Kruskal-
-Wallis H-test for independent samples, p<0.05).

The significance of differences between SAT-Top of
boys and girls for all age groups is presented in Figures
2-5. There were no significant SAT-Top differences by sex
in age group 1 (7-9 yrs). In age group 2 (9-11 yrs), two
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body sites of the upper trunk and the body sites of the
arms deviated significantly between boys and girls. All
subsequent age groups provided significantly different
results for (almost) the whole SAT-Top.

Figure 6 contains the condensed information on SAT-
-Top development in children and young adults:

(a) The SAT layer profiles (medians) for boys and girls
in age group 1 (7-9 yrs) show a similar »starting
pattern« for both sexes.

(b,c) Development of SAT layer profiles through the age
groups shows a similar profile for the first age
group, followed by decreasing profiles in boys and
increasing profiles in girls.

Finally, the discriminating power between male and
female SAT-Top was investigated by stepwise discrimi-
nant analysis, which provided no significant results for
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7-upper abdomen 8-lower abdomen

14 14
12 12
10 5 10 .
girls girls
8 8
mm mm
6 6
4 4
1 boys
) boys 2
0 0 + -
1 0 3F g g% g o I U A L
age group age group
9-lower back 10-hip
14 14
12 12
10 girls 10
8 8 girls
mm 6 mm 6
4 4
boys boys
2 2
0 0
12 3% 4 5% e 7 12 3F 45 6* g
age group age group

Fig. 4. Medians of lower trunk body sites (7 — upper abdomen, 8 -

lower abdomen, 9 — lower back, 10 — hip) for boys and girls of

seven age groups. Medians of marked age groups (*) are signifi-

cantly different for boys and girls by Mann-Whitney U-test (p<
0.05).

age group 1 (7-9 yrs), about 73% correct classification for
age group 2 (9-11 yrs) and 3 (11-13 yrs), 83% for age
group 4 (13-15 yrs), and about 91-93% for the following
age groups (15-21 yrs) of young adults (Table 3).

Discussion

Hammond!® has previously presented CALIPER skin-
fold norm values of British boys (about 3000) and girls
(about 560), taking measurements at six body sites: tri-
ceps, biceps, sub-scapular (can be compared to 4 — upper
back), supra-iliac (= 10 - hip), sub-costal (= 6 - lateral
chest) and abdominal (= 8 — lower abdomen). Compared to
our results, triceps, biceps and supra-iliac skinfolds show
very similar trends, although CALIPER skinfolds are
about 1 mm thicker than LIPOMETER measurements.
Sub-scapular, sub-costal and abdominal skinfold means
are 1-2 mm higher in the first four age groups (7-15 yrs),
and afterwards, in age group 5 (15-17 yrs) and 6 (17-19
yrs), we also find increasing measurement values, which
are about 3 mm higher than LIPOMETER results.

In girls the trends of increasing SAT layer thicknesses
through all age groups are confirmed by the CALIPER
skinfold norm values of six body sites presented by Ham-
mond'®, who reported about 1.5 mm thicker skinfolds at
the body sites triceps, biceps and subra-iliac, 2.5 mm
greater sub-costal values, and about 3.8 mm higher sub-
-scapular and abdomen skinfold thicknesses, compared
to LIPOMETER medians.

11-front thigh 12-lateral thigh

14 14
12 12
10 10 .
3 girls 8 girls
mm mm ¢
6 6
4 4
i boys
5 ] boys 2
0 + 0 -
1 2* 3 4 5 * 7 12 3 4 5* 6f 7*
age group age group
13-rear thigh 14-inner thigh
14 14
12 12
10 10 girls
8 8 4
mm 6 girls mm 6
4 4 boys
boys
2 2
0 i 0
12 3 4" 5t 6t Tt 12 34 s gt Tt
age group age group
15-calf
14

age group

Fig. 5. Medians of body sites of the leg (11 - front thigh, 12 - lat-

eral thigh, 13 — rear thigh, 14 — inner thigh, 15 - calf) for boys

and girls of seven age groups. Medians of marked age groups (*)

are significantly different for boys and girls by Mann-Whitney
U-test (p<0.05).

Other median curves of CALIPER skinfold thick-
nesses measured in British children at the body site
triceps'®20 also provide similar curve shapes (Figure 2) in
boys and girls compared to LIPOMETER SAT thick-
nesses, although LIPOMETER results are about 1-4 mm
lower.

Comparing our LIPOMETER results to previously
presented norm values for CALIPER skinfolds at compa-
rable body sites, we always find higher values for CALI-
PER measurements (1-4 mm), whereby great differences
(4 mm) are found especially at plain body sites (e.g.
sub-scapular), and small differences at rounded body
sites (e.g. triceps). Maybe CALIPER skinfolds at plain
body sites produce a greater positive measurement error.
Generally, the differences between the two methods
might be caused by measuring a double layer of skin and
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TABLE 3
RESULTS (CORRECT CLASSIFICATION (IN %) AND SIGNIFICANTLY SELECTED BODY SITES) OF STEPWISE
DISCRIMINANT ANALYSIS IN DISCRIMINATING BETWEEN SAT-Top OF BOYS AND GIRLS

Age group 7-9 9-11 11-13 13-15 15-17 17-19 19-21 Yrs

Correct classification

All subjects 0.0 73.9 73.2 83.1 92.4 93.3 91.3 %
Boys 0.0 81.1 78.1 84.2 95.3 93.9 92.0 %
Girls 0.0 64.1 66.7 81.6 89.3 92.1 90.5 %

Selected body site

1 - Neck * # *
2 — Triceps #* #
3 — Biceps
4 — Upper back s
5 — Front chest #
6 — Lateral chest * * *
7 — Upper abdomen *
8 — Lower abdomen *
9 — Lower back *
10 - Hip * # %
11 - Front thigh * * # * ®
12 — Lateral thigh * * *
13 - Rear thigh #
14 - Inner thigh
15 - Calf #* * *

a. age group 1
14
12
10
8
mm
6 boys
4 girls
2
0
© PN DD D RIS
ﬂ‘&@&@eg‘o& E?@ &‘:Qz‘ o&o 0}‘Q “(&QBK\ '&\%@%@%&%'@
SR E S AT E TS F SV
O 1TSS 58S
b~’° ) \‘DQQQ & W\ O N \V”

Fig. 6. (a) Male and female SAT-Top (medians) of age group 1 (7-9 yrs). (b) Male SAT-Top (medians) of seven subsequent age groups.
(¢c) Female SAT-Top (medians) of seven subsequent age groups.
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a compressed double layer of SAT using the CALIPER
technique, which leads to inaccurate measurements?!.
However, comparing data collected with LIPOMETER
and CALIPER can only be valid if the measurements
were performed on the same individuals. Otherwise the
differences between the measurement devices could be
due to other factors.

There is a well-known »masculinizing process« in the
SAT development of adults, which redistributes the body
fat away from the extremities towards the trunk51422, A
consistent increase in regional adiposity and body com-
position with age, among 10-16 year old urban Bengalee
boys, and an increase in mean WHR at 16 years of age
has been demonstrated lately®.

Reflecting the human SAT-Top development we find
no significant differences between 7-9 year-old boys and
girls in the first age group. Afterwards, boys immediately
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RAZVOJ SUPKUTANE TOPOGRAFIJE MASNOG TKIVA (SAT-TOP) KOD DJECE I ADOLESCENATA

SAZETAK

Mjerenja tjelesne grade u svrhu razjasnjenja dinamike srodnih bolesti u pedijatriji dobivaju na vaznosti. Metode koje
se koriste ne smiju izlagati osobe visokim dozama radijacije te zahtijevaju ¢vrstu suradnju. Lipometar je novi opticki
uredaj koji omoguéuje neinvazivnu, brzu i sigurnu odluku o debljini slojeva potkoznog masnog tkiva (SAT) na bilo
kojem mjestu u ljudskom tijelu. Topografska specifikacija 15 jednako rasporedenih mjesta na tijelu, koja omogucuje
precizno mjerenje rasporedenosti potkozne tjelesne masnoce, naziva se supkutana topografija masnog tkiva (SAT-Top).
SAT-Top je primijenjen na vise od 1000 djece i adolescenata izmedu 7. i 21. godine. U ovom radu opisan je razvoj sup-
kutane topografije masnog tkiva na subjektima razli¢itih dobnih skupina te muske i Zenske razlike u svakoj starosnoj
skupini. SAT profili slojeva (medijani 15 mjesta u organizmu) za djevojcice i dje¢ake u dobnoj skupini 1 (7-9 godina)
pokazuju vrlo slican uzorak za oba spola, praéen neznatnim smanjenjem debljine SAT slojeva kod djecaka i poveéanje
vrijednosti kod djevojaka u kasnijim dobnim skupinama. Izmedu dobne skupine 3 (11-13 godina) i dobne skupine 7
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(19-21 godina) SAT-Top kod oba se spola znacajno razlikuje. Diskriminirajuéa snaga SAT-Topa izmedu djevojaka i dje-
¢aka dobivena je analizom postupne diskriminacije, koja nije pruzila statisti¢ki znacajne rezultate za dobnu skupinu 1
(7-9 godina), oko 73 % tocne klasifikacije za dobnu skupinu 2 (9-11 godina) i 3 (11-13 godina), 83 % za dobnu skupinu 4
(13-15 godina) i 91-93 % za preostale dobne skupine (15-21 godina). Poznato je da je razvoj SAT-a isti u oba spola do
puberteta, kada djevojke dobivaju relativno vise masnog tkiva od djecaka, kako bi dosegle veéi postotak tjelesnih mas-
noca kao odrasle. Ovaj rad prikazuje precizni opis razvoja SAT-a kod djecaka i djevojaka od djetinjstva do adolescencije,
Sto pruza temelj za buduca istrazivanja.
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